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Researches regarding the manufacturing technology of a profiled rotor used in fluid circulation
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CIRCULATION
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Abstract - The paper has the following objectives: The rotor constructive solution presentation, that, in
conjunction with an adjacent rotor may form a reversible machine; The manufacturing technology

development of a rotor in two versions:
I. By processing on C.N.C I;

I1. By using quick prototyping (manufacturing technology with material addition).
The end of the paper presents the results obtained in version | and I1.

Keywords: Profiled rotors, rotating pistons, 3D printer.

1. Introduction

To achieve results concerning new constructive
solutions to any mechanism or machine, it must be
designed, developed and built as a model in the
laboratory. The theory underlying any machines are the
results obtained on the model in the laboratory.

Using the similarity theory of the results obtained in
the laboratory, it will be applied to the "natural model",
ie the prototype.

The paper presents a rotor model which will be used
to create a prototype.

The model constructive solution is original, it can be
applied in the field of rotating machines in the following
two model versions | and II:

If note: pa - aspiration fluid pressure; pr - discharge
fluid pressure, then, two versions follows [2]:

Version I: pa> pr, as force machine:

- Steam engine;

- Pneumatic engine or hydrostatic motor.

Version II: pa <pr, as working machine:

- Pump;

- Fan;

- Low pressure compressor.

The concept of the reversible machine refers to the
fact that the same construction can be used as:

- Pump (hydrostatic motor)

- Compressor (steam engine)

There are several possibilities to build the rotor
model:

- By machining
- By working on a numerical control center (C.N.C.)
- Using quick prototyping

2. The rotor framing in a fluid circulation system

The papers [2] [3] presented a mathematical model
for calculating the rotor contour, ie specifying the
coordinates (xi, yi) in xOy orthogonal system of the
rotor profile contour.

If now, the two rotors are assembled in a case, a
fluid circulation system (fig. 1) or a metering fluid
volume system results.

The fluid is transported to the discharge and after a
90° rotation of both rotors, the situation in Figure 1. b
and thereafter in Figure 1. c is reached.

After a 180° rotation the fluid contained in the useful
volume Vu (Fig. 1. b.), ie in the space between the
pistons 3’ and 4°, will be transported to discharge.

The two rotors are identical, tangent and rotates in
reverse.

Each rotor is symmetrical to Ox and Oy axis.

In order that the rotating pistons (1) and (2) of the
upper rotor (5) to enter into the cavities (1 ') and (2") of
the lower rotor (6), a cylindrical gear was performed
outside the machine comprising two gear wheels whit
the same division diameter.

This cylindrical gear ensures a synchronous rotation
of the two rotors.
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2. The manufacturing technology of the profiled
rotor

In this situation two constructive solution are
distinguished:

2.1. The rotor construction using a C.N.C.

2.2. The rotor construction with a manufacturing
technology with material addition.

Further, the two versions will be analyzed:

2.1. The rotor construction using a C.N.C.

CAD designing and execution CAM for numerically
controlled machines having 3 to 5-axis was performed
using the CATIA V5 software package which features a
powerful post —processing engine that allows the
coverage of the entire manufacturing process, from the
machining tool trajectory generation up to NC Code
software generation [4] [5]. Based on the coordinates,
using the Sketcher mode in the Profile toolbar Point by
Using Coordinates is selected and the points are inserted
into sketch by entering the Cartesian coordinate’s
Figure 2. The rotor execution precision on C.N.C. is
0.01 mm [6].
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Figure 2. The profile defining through Cartesian
coordinates and the Spline application use
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Figure 1. The operating principle of the volumetric meter
1, 2, 3’, 4’- rotating pistons; 1°, 2°, 3, 4- cavities in which the rotating pistons enters; 5-upper rotor; 6-
lower rotor; 7- upper case; 8- lower case; 9-upper shaft; 10-lower shaft

The defined points are merged with the Spline toolkit
and by Transformation tool using the Symmetry
controls the full rotor profile is defined (Figure 3).
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: Figure 3. The rotor profile defining

The extrusion on the Z axis can be achieved using a
drawn profile (Sketcher) in closed contour and by
activating the Pad Definition command enables the
extrusion on a normal direction to the drawing plan or,
by activating the Mirrored extend option, the extrusion
can be done in both senses of the normal, figure 4.
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Figure 4. The rotor three dimensional model created
with the Pad option
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After defining the rotor geometry, the working area
opens for the NC manufacturing process in a document
CAT Product that will determine the initialization of a
new executions within the manufacturing process and
the addition of a new entity to the Operation Part
structure (Figure 4).

The access to the operation parameters can be done
through the Part Operation dialog box where the
machine tool type can be choose (Machine - editor) and

where the specific parameters of the processing machine
can be defined (numerical command parameters, the
rotation parameters, the changing tool parameters, etc.)
[71[8].

The Axis Machine icon activates to assign a
reference axis to the processing system in operation, the
Product icon is presses to associate an existing product
to a certain operations [9] (Figure 5):
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Figure 5. Selecting the processing machine depending on the axes number

The Manufacturing Program mode allows the distinct
and different technological operations defining on
surfaces categories and according to the processing
type, roughing respectively finishing.

(3] CATIA V5 - [Process1: Setup Editor]

Depending on the rotor geometrical particularities the
ZLevel option is choose (processing a vertical surface)
with an end mills (Figure 6).
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Figure 6. Milling operation simulation using the Video Mode
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Figure 7. The machining tool trajectories in Photo Mode

The code language software generation, the machine is in the NC date Type menu, the NC Code is selected
achieved by activating the Generate NC Code icon (Figure 8), and in the NC Code page the appropriate
opening the active window in Figure 7 and, on the page postprocessor type corresponding to the numerical
IN / Out The Document CAT Process is selected; the control machining center (Fanuc 0) is selected.

file path that will be generated is specified, Output File,
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Figure 8. The NC Code software generation

The rotors were constructed of duralumin, on C.N.C. Figure 9, 10.

Figure 9. Plan view of a profiled rotor Figure 10. . Plan view of the two profiled rotors
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From Figure 10 one observes that the seal between the
two rotors is provided by:

- A contact between the lower rotor piston top and the
upper rotor cavity;

- Two contacts between the curved sides of the lower
rotor piston and the upper rotor cavity.

2.2. The rotor construction with a manufacturing
technology with material addition

Rapid Prototyping technology (Rapid Prototyping -
R. P.) is used for prototypes achievement or a reduced
number of parts, their architecture is given as CAD
(Computer Aided Design). The first rapid prototyping
machines development was due to Charles W. Hull,
who made the first machine SLA (Stereo Litographic
Apparatus).

Rapid prototyping stages, in order to achieve a rotor
prototype are [10]:
Step 0: Creating a CAD file;
Step 1. Creating STL file (Standard Triangulation
Language To Layer);
Step 2: STL files processing;
Step 3: Building the prototype layer by layer;
Step 4: Post processing operations

Rapid prototyping process for manufacturing the
profiled rotor, essentially, consist of the following:

The thermoplastic material (PLA), in filament form, @
1.75 mm, is heated to a temperature of 2150C and it is
deposited on the work surface using an extrusion head
which has at the top, a dose with @ 0.2 mm.

Figure 11. The rdto? of the Maker Bot Replicator machine pl

The dose is able to perform movements on all three
axes, above the rotor fixed on the machine platform
(Figure 11).

Unlike the conventional manufacturing processes,
the R.P. processes is based on building prototypes by
adding material; a prototype can be considered as
consisting of a sequence of layers of very small
thickness.

atform

The prototype is built layer by layer; the material is
deposited on the previous layer at the calculated level
position, by the computer.

The construction of each layer, first, begins through
submitting thermoplastic material on the rotor contour.

Figure 12 shows the two rotors constructed of plastics
materials.

Figure 12.Rotors built with the R.P. technology
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3. Conclusions

- For the rotor manufacturing, a computing program
specifying the coordinates (xi, yi) of the rotor profile
contour must be achieved; subsequently, this program is
used to achievement of the profiled rotor.

- The rotor can be easily constructed because the
execution technology of the rotor and the case is based
on a numerical command program and their execution is
performed using a C.N.C. or rapid prototyping.

- The C.N.C. accuracy ensure a satisfactory sealing
between the two rotors and between the rotors and the
case.

- The execution accuracy of the rotors is:

I. By processing on C.N.C.: - 0.01 mm;

I1. By using Rapid prototyping: 0.1 mm.

Obviously, the first method is more advantageous.

- In operation, at the speed of 300 rpm and assuming
that warm fluids circulates, version I is preferred, within
which the rotors are built of duralumin, not plastics.
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Hexagonal-circular and square-hexagonal index-guiding photonic crystal fibers

HEXAGONAL-CIRCULAR AND SQUARE-HEXAGONAL INDEX-
GUIDING PHOTONIC CRYSTAL FIBERS
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Nano-photonics and Optoelectronics Research Laboratory (NORLab), Faculty of Electrical Engineering, Shahid
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Abstract - Optical fibers are widely used in optical communication systems as waveguides with low
confinement loss, low chromatic dispersion, and low nonlinear effects. Besides conventional optical
fibers, photonic crystal fibers can be also used in transmission media for optical communication systems.
In this paper, we present two new designs of index-guiding photonic crystal fiber (IGPCF) with
characteristics appropriate for optical communications. In the first proposed design with a hexagonal-
circular structure (HC-IGPCF), the chromatic dispersion and the confinement loss at the wavelength of
1550 nm are 0.4 ps/(nm.km) and 1.2x10-10 dB/cm, respectively. In the second design with a square-
hexagonal structure (SH-IGPCF) having air holes with unequal diameters, nearly zero dispersion at the
wavelength range of 1540 to 1550 nm is achieved. For the latter design, at the wavelength of 1550 nm,
the chromatic dispersion slope is -0.05 ps/(km.nm), the confinement loss is less than 10-12 dB/cm and the

nonlinear coefficient reaches 8.380 w-1.km-1.

Keywords: Optical communication systems; index-guiding; chromatic dispersion; confinement loss;

photonic crystal fiber; nonlinear coefficient..

1. Introduction

Over the last decade, photonic crystal fibers
(PCFs) [1, 2] which enjoy some excellent properties like
low chromatic dispersion, low confinement loss,
reasonable effective mode area, and low nonlinear
effects, have attracted much attention amongst various
research groups. Nanostructured PCFs with large
effective mode area can strongly confine light in their
hollow cores, while PCFs with nearly zero and flat
dispersion over a wide range of wavelengths are suitable
media for applications in  wavelength-division-
multiplexing (WDM) systems. It is imperative to
maintain a uniform response at different wavelength
channels. This requires for transmission to occur within
both very low chromatic dispersion and confinement
loss regions. Consequently, PCFs perform very well in
both telecom and non-telecom applications. As
chromatic dispersion plays an important role in optical
communications, therefore, it becomes very important
to study the chromatic dispersion properties of PCFs.
Also the control of chromatic dispersion in PCFs is a
crucial issue for other practical applications in
dispersion compensation and nonlinear optics [3-6].

Usually, PCFs are constructed from silica glass
which contains very tiny air holes. The air holes running
through the length of the structure act as the cladding of
the fiber and a defect at the center (done by removing
the hole at the center of the structure) acts as the core
[7]. Since the average refractive index of the area
surrounding core is lower than that of the core in the
index-guiding photonic crystal fiber (IGPCF), the

transmission in this type of PCFs is due to the total
internal reflection (TIR).

Up until now, several designs for PCFs have been
proposed to achieve a very low chromatic dispersion
and low confinement loss. For example, various designs
such as different core geometries and multiple air-hole
diameters in different rings have been studied to achieve
both ultra-flattened chromatic dispersion and ultra-low
confinement loss over a wide wavelength range [8-14].
However, the fabrication technology of realizing such
complicated structures of PCFs remains truly
challenging. To achieve similar performance, filling the
air holes with liquid crystals, polymers, water, and
ethanol can be utilized [15-21]. Tunable photonic
bandgap (PBG) effect and long-period fiber grating
have been successfully realized with liquid-filled PCFs
[22].

As mentioned above, optical parameters such as
chromatic dispersion, confinement loss and nonlinear
effects are highly important in PCFs designing.
However by tuning physical parameters including the
diameter of the air holes, the shape of the holes, the
defect at the center of the fiber or surrounding the core,
the number of hole rings in the area surrounding the
core, and the spacing between the adjacent air holes,
one could design PCFs with desired properties [23].

In this paper, we design and simulate two IGPCFs
with improved optical parameters. In the first proposed
design with a hexagonal-circular structure, the
chromatic dispersion at the wavelength of 1550 nm is
less than 0.4 ps/(nm.km). In the second design with a
square-hexagonal structure having air holes with
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unequal diameters, zero dispersion, low nonlinearity,
and very low confinement loss are obtained.

2. PCF characteristics

PCFs have some important optical characteristics
and each of which is crucial for high-speed optical
communications. These important characteristics are
chromatic dispersion, confinement loss, mode effect
area, and nonlinear effects.

An important parameter for designing PCFs is the
total dispersion. The chromatic dispersion, D(}), is the
sum of the material dispersion and the waveguide
dispersion. Unlike conventional fibers, in PCFs both of
material  dispersion and confinement loss are
controllable via suitable design of the cladding, core,
and their air-holes. The chromatic dispersion of PCF is
computed from the real part of the effective mode index,
neff, by using the following equation [24]:

2
2 47 Re[ng ]
D(A) = = ®
c dA

where, X is the operating wavelength in pm, c is the velocity
of light in free space, and Re[ng] is the real part of the
effective refractive index. Therefore, the unit of chromatic
dispersion is ps/(nm.km). For a given wavelength, the
effective mode index of a guided mode is obtained by solving
the Maxwell’s equations [25] using the FDTD method as
explained in Eq. (2):

B
Neff A
0

where, f and k, are the propagation constant and the free
space wave number, respectively.

@

The confinement loss, L, is the light confinement ability
within the core region. Increasing the number of air hole rings
can strengthen the confinement of light in the core region.
This in turn results in smaller losses than those with less air
hole rings. The confinement loss is calculated as [23-27]:

6
(20x10%)

L. =222 2y imln 3

€ @n10) © [N ] ®

where, Im[neg] is the imaginary part of the ne and the unit of
L. isdB/m.

Another important parameter is mode effective area, Ag ,
which in units of mm? is given by:

(e aa?
([ o)

Here, E is the electric field distribution which is derived
from the eigenvalue problem drawn from the Maxwell’s
equations [28]. By changing the geometric characteristics of
the fiber cross-section, such as using large effective area, it is
possible to obtain PCFs with various properties [29].

ff 4)

If one chooses the air hole diameter and lattice constant
properly, the confinement loss in highly nonlinear PCFs can
be lower than that in PCFs with low nonlinearity. However,
such PCFs are not used in long-haul communications.
Therefore, the nonlinearity in PCFs must be minimized. Large
mode area of PCFs can prevent unwanted nonlinear
impairments [30]. On the other hand, low confinement loss or
small effective mode area is required for some special
applications including the nonlinear based phenomena. The
nonlinear effects can be written as [31]:

3 -1

y=( )x10°w L km

ff 5)

where, y and n, are the nonlinear coefficient and nonlinear
refractive index of PCFs, respectively [31].

3. Design and simulation results
3.1 The HC-IGPCF design

In this paper, to analyze the proposed PCFs, finite-
difference time-domain (FDTD) method with the perfectly
matched layers boundary conditions is used. The first
proposed IGPCF is made up of pure silica with a refractive
index of 1.45. It has a triangular array of air holes formed
along its length. This PCF consists of 6 air hole rings with two
different structures. The inner structure is circular lattice with
3 rings of air holes and the outer structure is hexagonal lattice
also with 3 rings of air holes. The diameter of the holes and
the pitch of the lattice, A; (the spacing between the centers of
two adjacent holes), in the three inner rings with circular
structure PCF are respectively chosen to be d;=900 nm and
2200 nm. The diameter of the holes and the pitch of the
lattice, A,, in the three outer rings with hexagonal structure
are respectively considered as d,=1750 nm and 2000 nm. We
have two structures in this PCF with unequal diameters and
lattice constant in order to enable us to control both the
chromatic dispersion and confinement loss. The transverse
cross-section of the PCF is demonstrated in Fig. 1.

000

y(microns)
00

Xx(microns)

Fig. 1. The cross section of the HC-IGPCF with d;=900
nm, A,=2200 nm, d,=1750 nm, and 4,=2000 nm.
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Fig. 2. The chromatic dispersion curve of the HC-
IGPCF as a function of wavelength.

For the HC-IGPCF design, the pitch and the
diameter of holes in the three inner rings and the three
outer rings are not chosen to be constant. Therefore, the
chromatic dispersion, confinement loss, and the
nonlinearity can be changed by either increasing or
decreasing the di/A; and dy/A..

The chromatic dispersion curve of HC-IGPCF
design is illustrated in Fig. 2. The measured values of
the chromatic dispersion over the wavelength range
1200-1800 nm are acceptable. The chromatic dispersion
of the first proposed IGPCF is 0.4 ps/(nm.km), at the
wavelength of 1550 nm. The minimum chromatic
dispersion which is zero is related to the wavelength of
1580 nm. In the other ranges of wavelengths, the
IGPCF has a less positive dispersion and in longer
wavelengths, the positive dispersion decreases and
reaches some negative values. The best results are
achieved with A;=2200 nm and A,=2000 nm.

The loss characteristic of the proposed IGPCF
within the wavelength range of 1200-1550 nm is plotted
in Fig. 3. The PCF shows the losses of 0.01x1070 ~
1.2x10™° dB/cm in the wavelength range of 1200-1550
nm and the loss of the PCF is 1.2x10™° dB/cm at the
wavelength of 1550 nm.

Fig. 4 illustrates the variation of the ne with respect
to the wavelength in the first proposed IGPCF. As
shown in Fig. 4, the effective index decreases with
increasing wavelength. In the suggested design, a strong
confinement of light is obtained in the core. The mode
field is mainly distributed and guided in the silica core
region. The light is well trapped at the center of the
structure and the mode effective area of 26.52 pum? is
achieved at 1550 nm. In order to visualize and confirm
our results, we then calculated the nonlinear coefficient
of HC-IGPCF design which is a relatively low value of
4580 w*.km™, as shown in Fig. 5.

The effective mode area of about 26.52 pm? is
calculated at 1550 nm wavelength. Because of the
obtained mode field distribution, the maximum optical
power is at the center of the HC-IGPCF core. In
addition, a PCF with small effective mode area is useful
for nonlinear optical applications. It is appropriate to
couple the proposed PCF to an index-guiding fiber.

This structure due to its symmetry is simple and also
easy to fabricate.

-10 ‘\
x10 4 &
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0.6
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Fig. 3. The confinement loss curve of the HC-IGPCF as
a function of wavelength.

1.433
1.431

1.429

Effective Index

1.427

1.425

1.20 127 34 1.41 1.48

Wave1l'ength (microns) -
Fig. 4. The effective index curve of the HC-IGPCF as a
function of wavelength.

Iy

Fig. 5. The field distribution of the first-order mode for
the HC-IGPCF at A=1.55um.

3.2  The SH-IGPCF design

In IGPCF with square-hexagonal structure, the holes
that are closer to the core have stronger impacts on
dispersion, although their effects on confinement loss
are quite negligible. To improve the characteristics of
our first SH-IGPCF structure, we designed our second
IGPCF as shown in Fig. 6. The air hole diameter-to-
pitch ratio, (d/A), plays a critical role in the design of
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IGPCF. By decreasing the d/A value in the cladding,
the chromatic dispersion reduces. But on the other
hand, increasing the d/A reduces the confinement loss.

To better control the chromatic dispersion, the
confinement loss, and nonlinearity, unequal d/A for air
holes structures can be selected. Hence, larger d,/A, for
holes in the outer rings is necessary. In order to have
both low dispersion and low confinement loss, the d»/A»
of the outer rings is made bigger. Therefore, the di/A;
of the holes in the internal rings is selected to be
smaller, whereas the d,/A, of the holes in the external
rings is chosen to be larger, as illustrated in Fig. 6.

4

y(microns)

S " ‘x(microns) c
Fig. 6. The cross section of the SH-IGPCF with d,;=847
nm, A,=2150 nm, d,=/800 nm, and A,=2000 nm.
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Fig. 7. The chromatic dispersion curve of the SH-
IGPCF as a function of wavelength.

In this design, the PCF consists of 6 air hole rings
with two different structures. In the inner structure of
the proposed PCF which is hexagonal with three air
holes rings, the diameters of the holes in the first three
inner rings are chosen to be d;=847 nm and the pitch of
the holes is A;=2150 nm. In the outer structure of the
PCF that is squared lattice with three air holes rings, the
diameters are chosen to be d,=1800 nm and the pitch is
selected A,=2000 nm .

The dispersion curve of the second design is shown
in Fig. 7. At the wavelength of 1550 nm, the chromatic
dispersion of the structure is -0.05 ps/(nm.km). The
zero chromatic dispersion occurs at the wavelength of
1545 nm. The average chromatic dispersion is 5.5
ps/(nm.km) over the wavelength range of 1200-1560
nm, which is fairly low. Below this wavelength range,
the structure has even lower positive dispersion and

above that, the negative dispersion increases. The best
chromatic dispersion is achieved with A;=2150 nm and
Ap,=2000 nm.

The loss characteristic of the second proposed PCF
within the wavelength range of 1200-1560 nm is plotted
in Fig. 8. As it can be seen from the figure, an ultra-low
loss is achieved at the wavelength of 1550 nm.
Moreover, the PCF shows the losses of 0.2x10™% ~
2.2x10™2 dB/cm over the wavelength range of 1460-
1560 nm and less than 10™ dB/cm over the other
wavelengths.

Fig. 9 illustrates the variation of the ng; with respect
to the wavelength in the SH-IGPCF. The effective
index decreases at a smaller rate with increasing
wavelength. In the SH-IGPCF design, a strong
confinement of light in the core of the IG-PCF is
obtained. The mode field is mainly distributed and
guided in the silica core region. We have calculated the
first-order mode for the SH-IGPCF at A = 1550 nm. The
light is well trapped at the center of the structure and
the mode effective area of 14.51 pm? is achieved, as
shown in Fig. 10.

In this proposed structure, with such a large mode
area, the unwanted nonlinear impairments are prevented
and hence the nonlinear effects are decreased. We have
calculated the nonlinear coefficient for the SH-IGPCF
as small as 8.380 w'km™. Table 1 compares our
proposed PCFs with other PCFs in the literature at the
wavelength of 1550 nm.
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Fig. 8. The confinement loss curve of the SH-IGPCF
with respect to the wavelength.
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Fig. 9. The effective index curve of the SH-IGPCF with
respect to the wavelength.
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Fig. 10. The field distribution of the first-order mode
for the SH-IGPCF at A=1.55um.

4.

Conclusions

In this paper, two new index-guiding photonic crystal
fibers based on pure silica have been designed and
simulated. According to the results, lower values for
chromatic  dispersion,  nonlinear  effects, and
confinement loss can be acquired by reducing the size
of the holes (d/A) in the inner rings and increasing the
d/A of the holes in the outer rings. These PCFs have
two different structures of air holes array having
unequal d/A. In these IGPCFs, the results show that
both ultra-low negative dispersion and nearly zero
dispersion can be obtained. The main advantages of
these PCFs are zero chromatic dispersion, very low
confinement loss, and low nonlinear effects.

Table 1. Comparison results amongst the presented PCFs and other PCFs in the literature at the wavelength of

1.55um.
Dispersion (ps/nm.km) (dlé(;(s:?n ) Effect( Przgg)e area Nonlinearity (w™.km™)
P(rlu”(‘:a%‘g,ecsg“ 04 12310 26,52 4,58
Sez’gg‘?fgp‘éelf)'gn -0.05 2.1x107%2 14,51 8.38
Ref. [20] -195 0.3x10™ - -
Ref. [24] 2.7 0.3x10™" 61.2 -
Ref. [29] 3 10 7.7 18
Ref. [30] PCF, 0.002 10" - -
Ref. [30] PCF, 8.2 2x10™" - -
Ref. [31] 0.24 -- 1.764 72.6
Ref. [32] 0.22 10" 8-15 --
Ref. [33] 0.42 -- 5.3 --
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Abstract - This paper concerns the study of plug-in connector used in low level (a few Amperes). In this
case, the application fields are instrumentation and control (1&C) installations.

The long service duration of these semi-permanent contacts throughout their lifetime relies on having a
stable force. The objective of this study is to know the main mechanical parameters which impact on the

connector’s lifetime.

The main results are that insertion force and friction coefficient of contact change after thousands of
insertion-extraction cycles. To avoid these parameters (insertion force and friction coefficient p) that
change during mating cycle, an innovative diagnostic tool has been investigated, to directly measure, in

situ, the contact force of each spring of the connector.

Keywords: Contact force, contact resistance, connector, diagnostic tool, force sensor.

1. Introduction

For most interconnection systems a pin in the male
half of the connector will make contact with spring
beams inside the female half of the connector. As the
pin is inserted, it will slide across and deflect the spring
beams, which generate the normal force necessary for
good electrical contact.

Reducing insertion force and wear are among the
goals of optimization of pin and socket connectors [1-
3]. Insertion and extraction force also called mating and
unmating force are respectively the necessary force for
establishment and cut of electric contact [4 - 6].

Once the beams are fully deflected and are touching
only the flat contact area of the pin, the contact force
will be perpendicular to the insertion direction. The
insertion force then will simply be equal to the normal
force multiplied by the coefficient of sliding friction and
the number of contact points. However, before this
steady state condition is reached, the insertion force

shows very complex behavior [7—9].

If the force required to insert to the connector is
easily measured and most manufacturers publish
specification limits for their products routinely, the
normal force with which the connector contact pushed
on male part is more difficult to measure. Normal force
measurement of plug in connector contacts is
complicated by the enclosing geometry of the connector
body. The connector body can be cut in half to provide
direct access to the contact springs. Another described
technique utilizes a friction probe to obtain an indirect
measurement of normal force. Unfortunately, each of
these techniques are either destructive or do not measure
the whole intact connector system [10]. There is a need

for non-destructive normal force measurement
techniques, for quality assessment, for product
characterization, and for failure analysis [10].

2. Studied connector’s mechanical parameters

The male part of the studied connector consists of a
printed circuit board (PCB) of 1.6 mm thickness, made
of a fibre material (FR4), and covered by a strip of
copper with a second layer of nickel with a thin cobalt-
gold layer on top. The female part is composed of spring
beams of beryllium- copper (in the shape of a tulip)
inside a receptacle that is often located on the backplane
of a computer rack [10] (Fig. 1). Regarding the design, a
Stop was placed to maintain the initial gap at 600 um
and to reduce the insertion peak.

Female part with
tulip-shaped geofetry

PCB- mfale contact

Figure 1: HE9 female part with tulip-shaped geometry
and PCB (Printed Circuit Board) contact

Figure 2 illustrates a standard insertion phase of a
pair of contact (tulip) of the connector [11]. Insertion of
the male contact in the receptacle engenders deflection
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of springs that are going to exercise a normal contact
force in return on the contact PCB.

The phase 1 (Figure 2 a, and Figure 3, part a.)
corresponds to spring flexion: insertion force passes by
a maximal value (insertion peak). The maximal value of
insertion force will depend at the same time on the
geometry of the spring and on chamfer of the PCB and
on friction coefficient p of the contacts [11].

During the phase 2 (Figure 2 b, and Figure 3, part b),
the insertion is made in constant deflection (that is the
movement obtained in a point of a body under the
influence of a force). It depends on friction between
both contacts.

Fe
(b)

(@)

Fi

Figure 2: Insertion phase: a) before and b): after
complete insertion

Dependency of friction coefficient

Dependency of geometry
—»

INSertion force m—p

Insertion depth =———p

Figure 3: Insertion force versus insertion depth

Insertion force of contact pair during insertion (Fig.2) is
written according to simplified equation [2, 3]:

3 sin@ + pcos 6 (1)
Fi=Fc cosé — usin @

Once the contact is established (6 =0, Figure 2b):
Fi=H F¢ @)

where F; is the insertion force,

F. is the contact force,

0 is the incidence angle as shown in Figure 2a,
u is the friction coefficient [12].

3. Analysis of state of contact surface by (SEM/EDX)
technique

The nature and thickness of contact areas of the two
coatings play an important role, especially when called
to suffer mechanical or tribological stress, for example
during the operations taking place for maintenance [13].

For their characterization, connectors pass in a first
time through coatings analysis. Technical EDX (energy-
dispersive X-ray spectroscopy) coupled to SEM
(scanning electron microscope) is used to determine the
nature of the elements in the sample.

A first EDX analysis was conducted on springs as
shown on Figure 4 below, to determine the thicknesses
of the various coatings. According to the measurements
made by a scanning electron microscope, the thickness
of gold layer is about 0.5 um and that of the under-layer
of nickel is 3 um.

For male contact (Fig. 5), present on PCB, the
thickness of gold layer is about 3 um, that of the sub-
layer of nickel is about 10 um and copper is about 55
um thick.
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Figure 5: a) Detail of PCB contact materials and
b) Profile of existing chemical elements

Concentratinn

@

4. Implementation of insertion bench and insertion
force and contact resistance measurement

The experimental bench that allows us to estimate
the influential parameters of insertion of plug-in
connectors is represented on Figure 6. A track of PCB
contact was isolated so as to measure only the force on a
"tulip” (Fig. 4). The male and female parts are aligned
thanks to micrometric tables. We define x -axis as being

20 The Romanian Review Precision Mechanics, Optics & Mechatronics, 2016, Issue 49



Plug-in connectors aging and in situ diagnostic tool for force measurement implementation

the axis of insertion. This operation is realized by means
of the micro-engine (1 um of precision).
The characteristics of the micro-engine were fixed to

ensure a constant speed of insertion in the case of
insertion-extraction cycles.

Micro Engine

Y Load
sensor

A force sensor (0.01 N of precision), positioned on the
same axis, allows measurement of force during insertion
and extraction. Two displacement sensors (Laser) with a

precision of 0.1 um, aiming deflection measurement
(Fig. 6).

Laser
sensor

Laser
sensor

Tullp

iy

:

Connectér

Figure 6: Sliding wear bench and detail of laser sensor

a) Influence of the number of cycle

The graph in Figure 7 shows the evolution of the
insertion force on a pair of contacts of a connector, from
1 to 2000 insertions, with one measurement every 50
mating cycles.

Overall, the insertion force increases with the
number of insertions and then tends to stabilize. The
non-smooth form of the insertion force, as seen in Fig.
3, both on the first and on the second phase when
inserting, is mainly due to friction between the contacts.
We clearly observe the effect of aging on the contacts
by increasing of the insertion force.

|NSERTION FORCE ™)

Figure 7: Change of insertion force in comparison with
insertion number

The Figure 8 gives the change of the insertion peak

obtained from the curve in Fig. 7. The initial value of
the insertion spike is 1.75 N.

For different tested contacts, we determined a
change in the value of the peak of the initial insertion
force of 1.5 N and 2 N (lower than 2.7 N set by the
connector manufacturer as the maximum force per
contact).

This insertion peak increases with the extraction
and insertion operations tending to stabilize.

Contact resistance drops rapidly at first contact and
then stabilizes upon insertion (Figure 9). For the 2000
insertion - extraction cycles, the contact resistance was
between 5 and 9 mQ. It can be concluded that
mechanical phenomena that have led to an increase in
the contact force, have not altered the currents crossing
points. This would mean that the contact materials and
contact force are unchanged. For the tests, it does not

depend on the number of operations or the kinetics of
insertion.

INSERTION PEAKS (N)

T T T
o] 500 1000 1500 2000

NUMBER OF INSERTION

Figure 8: Change of insertion peak versus insertion
Number
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Figure 9: Change of contact resistance during multiple
insertions

b) Influence of insertion velocity

During insertion-extraction operations, operators
will not have the same velocity of insertion of the card
used in these tests. We wanted to know the influence of
velocity on the insertion force.

Three velocities were chosen: 0.6 mm/s; 1.5 mm/s
and 3 mm/s (Fig. 10). We observed that the insertion
rate strongly influences the evolution of the insertion
force. An increase of 55% of the value of the insertion
peak and an increase of approximately 53% of the
sliding force after 2000 cycles between a velocity of 0.6
mm/s and a velocity of 3 mm/s.

6

* 0,6mm/s
x 1,5mm/s
- x  3mm/s

INSERTION FORCE (N)
w

T T T T T
0,0 05 1,0 15 2,0 25 3,0
INSERTION DEPTH (mm)

Figure 10: Change of insertion force versus insertion
velocity (after 2.000 insertion-extraction cycles)

Another phenomenon observed is an increase of the
amplitude of the variations in the insertion force &Fi
with the velocity (Fig. 11). From these results it can be
concluded that increasing the insertion velocity will
generate more debris that will create resistance during
insertion. This resistance translates concretely small
insertion force peaks observed on the curve.

The first experiment performed was the
measurement of insertion force vs. insertion depth for a
new and aged contact (2000 sliding cycles) without the
contact force sensor. The 2000 sliding wear cycles were
applied on 3 mm aged zone of the insertion depth and
the measurement was made on 4 mm intact zone.

6

—.— First insertion
—.— 2000™ insertion

Intact area
| ori

Insertion area

INSERTION FORCE (N)
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0 1 2 : s
INSERTION DEPTH (mm)

Figure 11: Insertion force vs. insertion depth for new

and aged contacts

We notice that insertion force at the final stage finds
its initial value (0.5N) on the “intact zone” while in the
“ageing zone”; the insertion force is about 2.5N (Fig.
11).

In the sliding part, the amplitude of the insertion
force (Fi) variation in the aged zone dFi,=1N is greater
than the Fi variation for the new contact 6Fi,=0.4N.

If we take a constant value of friction parameter p
=0.2, the calculation of the contact force gives:

-At first insertion Fc=0.5N/0.2=2.5N
-After 2000 insertion/extractions: Fc=2.5N/0.2=12.5N

5. Synthesis on insertion force study

These results show that insertion force depends on
normal force, contact geometry and on friction
coefficient.

Maximum insertion force (insertion peak) depends
on three factors: normal force, size of pin tip and
receptacle entry and p (friction coefficient).

All parameters, together consisting of in the order of
ten individual dimensions, need to be in tight control in
order to keep the insertion force within its design limits.

The profilometer used [14] to determine the profile
of the contact zone is an apparatus enabling contactless
measurement of topographies of the different surfaces
cited previously. These are measured using a confocal
laser. A DC motor controls the laser. The resolution of
the profilometer sensor is adjustable between 0.001pum
and 10 um. The studied profiles of spring are obtained
after a measurement by scanning with a resolution of 2
um X 2 um on a window of 0.6 mm x 1.32 mm.

Profile measurements of contact area by
profilometer show that wear cannot be uniform in view
of the concave shape of spring in both longitudinal (Fig.
12) and transverse view (Fig. 13). Asperities of about 30
um were observed on contact areas of spring. The shape
of the contact area of spring allows that nickel will
appear firstly on high rough that would be highly
constrained (with the loss of their gold layers) while on
the little constraint area (located valley), always gold
coating sufficient to maintain a low contact resistance.
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Figure 12: a) Wear track of the two parts of spring and
b) Longitudinal profile of spring from laser profilometer
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Figure 13: a) Wear track of the two parts of spring and
b) Transversal profile of spring from laser profilometer
(Confocal Taicaan profilometer)

The conclusion that can be drawn from this study is
that, because of its small thickness (0.5 um), the gold
layer of the spring is removed faster than the one on

PCB (3 um), meanwhile, simply distorted. This
degradation will deeply on the morphology of the spring
at the contact area.

For some springs, after 1000 sliding cycles, we
observed the presence of copper on the surface. The
presence of oxygen may cause a rapid oxidation and
create an insulating layer.

The deterioration of the contact surface changes the
coefficient of friction. The aim will then be to determine
the evolution of this parameter.

6. Analysis synthesis

EDX study of spring has enabled to highlight
emergence of nickel from 400 wear cycles in laboratory
conditions. Copper onset occurs early in 1000 wear
cycles for some springs. Non-coplanarity of contact
zones in same spring causes wear disproportionate in
both parts of spring.

A difference of degradation of the springs was
observed for the same number of cycle’s friction,
probably due to lack of control during the deposition
process. Severity of wear will depend jointly on number
of friction cycle and topography of contact areas.

Wear of contact areas during frictions tests showed
appearance of nickel in contact area. Consideration of
gold friction coefficient (deposited on both parts of
contact) during calculation of contact force cannot be
valid anymore because the contact is not 100% Au-Au
(nickel presence on a part of the contact surface with
friction coefficient of 0.5).

In order to overcome p this uncertainty on (friction
coefficient), we worked on developing a non-destructive
measurement and portable system, which would
measure directly normal force on each contact after
insertion into the connector.

7. Innovative on insertion force study

To avoid the influence of the friction coefficient
during contact force determination, an innovative ultra-
thin piezoresistive sensor, for a direct measurement of
contact force, was developed for plugging it into the
connector [15]. The contact forces of these terminals,
however, could decay gradually due to the stress
relaxation effect under the high temperature conditions
[16].

The purpose is to set up a sensor which, once fixed
to the contact PCB, will have the same thickness as the
standard contact PCB in order to facilitate its insertion
into the HE9 connector.

Piezoresistive sensors have found widespread use in
the field of pressure and force sensors due to their low
cost, good stability, and high response. Piezoresistance
or piezoresistive effect is a change in resistivity of a
material due to mechanical stress [17, 18]. In
semiconductors such as silicon that exhibit a strong
piezoresistive effect, electrical resistivity changes
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significantly when the material is subjected to a
stress/strain, which leads to a measurable resistance
change with overlayed single-element strain gages.

The sensor used in this study, developed by
Mescan®, is made of two substrate layers.

Piezoresistive ‘;

Ink

The substrate is composed of a polyester film. On each
layer, a conductive material (silver) is deposited,
followed by a layer of pressure-sensitive ink (doped
silicon) as can be observed on Fig. 14.

\

Flexible
substrats

s

tlver

elgtro

[
Figure 14: Piezoresistive sensor composition

With a fixed DC voltage applied across the sensor,
output voltage corresponds to contact force, as
illustrated in Figure 15. As the contact PCB undergoes
mating, voltage measured will change accordingly.

Sensor

—

+

A calibration test has been carried out to quantify the
relationship between measured voltage and force
(Figure 15)

Output
+12V

-12v

Figure 15: Drive circuit of one sensor

The output voltage expression was given by:

_ RS vin 3)
Rsensor

where Vi, is the input voltage (equal to - 5V), Vg is the
output voltage, Rsnsor IS the sensor resistance and Rs is
the gain resistor. Rs is chosen so as to obtain a
sensitivity of 1V/N.

The Figure 16 represents the sensor’s calibration
curve obtained by the driver circuit of sample; the
reference force is the one measured by the reference
sensor. The sensitivity of each sensor was found to be
approximately IN/V (£3%) (Fig. 16).
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Figure 16: Calibration curve of the piezoresistive

sensor

8. Final prototype

The prototype was improved so as to measure
contact force of each spring beam pair. It consists of
twelve separate active parts with a force range of 4.4N
(1 Pound). Each active part of sensor corresponds to one
PCB track (Fig. 17).

Sensors

A4

Figure 17: a) A photograph of sensor with PCB card,
b) shape of sensor fixation

Conditioning cards with piezoresistive sensors were
assembled as shown in Fig. 18. The cards are double-
sided, with a sensor placed on each. The total thickness
of the card with the two sensors is 1.6 mm + 0.2 mm,
decomposed as following: 1.18 mm (one card) + 2 X
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0.208 mm (piezoresistive sensor) + 2 x 0.104 mm (extra
thick Mylar®).

It is estimated that losses in the mechanical
properties of the Mylar® negligible in the measurement
of force.

The two sensors have been chosen in particular to
correct the defects of non-symmetrical insertion of the
card into the connector axis when measuring. Each
sensor measures the force exerted by the pair of springs.

The 24 analog outputs of the card, treated separately,
were transferred via a multiplexer (MUX) 8 differential
channels (DG407 model) to an analog digital (USB
Redlab 1008 model, 4 channels in differential, 12 bit, 5
V, 1.2 kS / s) controlled by a computer with the
software Labview® as can be seen on Fig. 18. This
approach greatly simplifies the acquisition and
processing data from the sensor.

Connector

. Piezoresistive sens
Gain

Ope7a\tional

- amplifier

Figure 18: Conditioning card of the prototype

The architecture used is shown schematically in
Figure 19. It is possible to access to analogue signals by
a data acquisition system (DAQ).

- Signal
Piezo 24 o DAQ
sensor +. conditioning
4L
T \Voltage to force
conversion

C

Figure 19: Schematic representation of sensor’s
conditioning principle [19, 20]

9. Requirements for contact force

a) Tolerance for connector

In order to maintain a contact force at the end of life
properly, the contact must be manufactured to provide
greater initial force than minimum required to maintain
the minimum and stable contact resistance (integrity of
the electrical signal) [21] as shown in Fig. 20.

Studies of the influence of the dimensional tolerance
of a connector socket on the contact force were also
made by Grill et al [22]. It shows that in the worst case
sizing, loss of strength may be 40% and force gain of
20% compared to the required force (Fig. 20).
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Force
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Figure 20: Contact force at end of life and reliability

b) Contact force for different tulips

The Figure 21 gives the contact forces for 12 tulips in
new and aged connectors. The vertical bar chart
represents contact force for a pair of contacts. The
contact force varies significantly from one tulip to
another in the same connector. This difference in
contact force is observed for a new contact (Figure 21.a)
and for used one (Figures 21.b, ¢ and d). However,
standard deviation o of the contact force is less for new
connector (0.22 for Fig. 21.a) than for three used
connectors (0.35 for Fig.21.b, 0.38 for Fig. 21.c and
0.47 for Fig. 21 d).

These results indicate that there is an influence due
to the dimensions of the parts used.

Variations in these dimensions can accumulate and
lead to variations in the measured contact force.

For HE9 connector, two parameters must be taken
into account: the nominal contact force which is 2 N
(per contact pair in contact and a contact resistance <10
mQ) and the minimum contact force contact which is
0.1 N (for a contact resistance of about 20 mQ).

In most cases, results showed higher contact forces
at 2 N (except for the tulip # 5 of Figure 27.d whose
value is 1.6 N).
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Figure 21: Contact force values on a new connector (a)
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10. Global synthesis

A novel in-situ force system measurement has been
proposed using an innovative sensor using the
piezoresistive effect.

« The EDX study of spring highlights nickel
appearance at the surface of the contact from 400 cycles
of friction in laboratory conditions.

» Copper appearance occurs from 1000 cycles of
friction for certain springs.

« Coplanarity of contact of the same spring results in
a disproportionate wear of both parts in spring.

» A difference of spring’s degradation is observed
for the same number of friction cycles. Shape of wear
track depends on surface profile of each spring. This
profile varies according to shape of spring during its
manufacturing.

» The severity of wear is going to depend jointly on
the number of friction cycles and on topography of
contact zones.

11. Conclusion

The conclusion that can be drawn from this study is
that, because of its small thickness (0.5 um), the gold
layer of the spring is removed faster than the one on
PCB (3 um), meanwhile, simply distorted. This
degradation will deeply on the morphology of the spring
at the contact area.

For some springs, after 1000 sliding cycles, we
observed the presence of copper on the surface. The
presence of oxygen may cause a rapid oxidation and
create an insulating layer.

The deterioration of the contact surface changes the
coefficient of friction. The aim will then be to determine
the evolution of this parameter.

Wear of contact areas during frictions tests of the
contact showed the appearance of nickel in contact area.

The insertion force depends on the insertion
velocity: it increases when the insertion velocity
increases and this can produce more debris which can
lead to an increasing of the contact resistance.
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Abstract - In the strategic documents in the field of research are proposed three themes of reflection and
action for the immediate future, namely prioritization of real sector R & D and innovation, install a
climate of integrity, predictability and transparency of decision making and improved linkage between
education and research and innovation. The overall objective of the students contest is to create the
framework for student expression and creative skills of young people, namely to promote, support and
enhancement of the results achieved by boosting the efficiency of the educational and extracurricular
activities, achieved by implementing the principle of "learning by practice and research. For the students
contest, students teams must prepare a innovative project for a product developing, (hardware or
software) or a new technology. The subjects of the projects for the contests must be chosen by the team of
students, but in their endeavors design and drafting the report that shows the contest, students can be
guided by one or more teachers or researchers, with the role of specialized consultants. The subjects for
the competition were from the field of robotics, mechatronics, IT, hydraulics. The most representative

projects were awarded with money, diplomas and technical books.

Keywords: students contests, curricula, mechatronics, research, robotics.

About an
global

education
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1. Introduction.
connected to
developments

system
scientific

By huge intellectual potential, resources and
ambition inventiveness, creative ability and professional
excellence in country and overseas, Romania has all the
prerequisites to leave the perpetual delay and to build
their own place in on the European scene and in the
global research.

By developing the research, Romania will be able to
respond sustainable in the context of global challenges -
economic, demographic, security and climate. The field
of RDI is the only area of the economy which has
exceeded the 100% as the level of absorption of
structural funds, a possible solution is redirecting a
significant part of unspent funds from other areas to
research, along with prioritizing real this area, from the
perspective of public funding.

Also in the idea of sustainable development,
Romania needs a prioritization of areas in the strategic
research and innovation, in which the real connections
with the economy and scientific areas are encouraged
consistently performance. The policies in this fild
should be related to economic and education.
Strengthening the link between research and education
is essential in a democratic society. A good education
system, connected to global realities and scientific
developments can not exist without research as
advanced research any sustainable system can not exist

without young people have contact with the latest news
research, at all education levels.

By type, POSDRU projects is done a full correlation
between research and development institutes, technical
universities and the manufacturing industry, which is
the ultimate aim of preparing young specialists, namely
finding faster a job and integrating the graduates into
employment.

2. Project ID 141 251 - an important linkage
between education and research and innovation

A The project with the significant title "By practice
you have future™ - ID 141 251, Major Intervention
Field 2.1 - "Transition from school to active life"
reveals the importance of student practice, in training as
specialists of the future graduates of technical
education.

According to its mission, the technical universities
prepare the students for careers that require the
application of scientific knowledge and methods to
develop products and technologies demanded by
society. To this end, students must learn the knowledge
and skills appropriate to the scope and specialization
training program. The contest for Students Creativity
and Innovation is addressed to students of higher
technical education and aims to stimulate the
application of theoretical and practical knowledge to
concrete achievements, while developing skills and
creative skills, innovative or enhancement of the
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technical thinking analytical originality and flexibility in
scientific and technical concepts, the practical skill,
imagination and inventiveness in the developing process
of new products and technologies.

Since the the majority of students participate in
training competitions are enrolled in the technical
profile: mechatronics and related sciences as electronics
and informatics, we should mention which was the
course of mechatronics concept.

There are a large variety of ways to present
mechatronics. In this sense it is interesting views of the
NSF - National Science Foundation, the fundamental
role in orienting the organization and financing of the
American academic system. A summary of the way
NSF study concerns the necessity introducing of the
mechatronics in higher technical education is able to be
continuated.

Along with the explosive growth of computing
efficiency, the mechatronic systems have become
common in any engineering discipline that relates to
application control which applies physical strength.
From this point of view, mechatronic systems are
physical systems for component computing has a
primordial role. This formulation is a generalization of
the older definitions of mechanical systems
mechatronics according to which the decisions are
managed based on the provided by analogical and
digital electronic systems.

With the spread of the universal mechatronics
engineering products and systems of all kinds, it is
imperative that future engineers to be aware of the
principles and practices in this area. Regardless of
where are preparing, engineers must meet mechatronic
systems in their professional practice.

For engineers, full participation is essential at all
stages of design, from conceptualization to final product
mechatronic design. A key role is played in mechatronic
systems need a complex calculation that defines real-
time nature of most engineering systems. The successful
implementation of a mechatronic system [1, 3] requires
an organized approach to software system design.

Communications
® contact with
other systems

! i

Computation

o software and hardware q_\

Drives Instrumentation
® energy conversion  signal processing

Driving system
® combination of systems

Figure 1 Component of a mechatronic system

Operator interface
o dialog user-sistems

The purpose of field of competitions in training in
mechatronics is to ensure all students familiarization
with the elements mentioned above (Figure 1), for them
to be able to use mechatronics principles into practical
applications.

We can say that Mechatronics is an interdisciplinary
field of science and technology dealing with in general
problems in mechanics, electronics and informatics.
However, it includes several areas that form the basis of
mechatronics, and covering many known disciplines,
such as: electrical, energy, encryption technology,
information microprocessing technology, and other
technical adjustment

With time, the notion of mechatronics has changed
the meaning and has expanded its definition:
mechatronics engineering science based disciplines
become classics for engineering, electrical engineering,
electronics and computer science. The purpose of this
science is improving the functionality of the equipment
and technical systems by merging the disciplines in one
unit. Mechatronics technology was born and became a
philosophy which has spread worldwide. In recent
years, mechatronics is simply defined: the science of
intelligent machines.

Mechatronic systems are assemblies that integrates
components that fulfill different functions, acting on the
basis rules. Their main task is mechanical operation,
thus producing useful work, and their essence is able to
react intelligently, through a system of sensors to
external stimuli acting on device taking appropriate
decisions for every situation.

Apart from specialized technical training, each
student must be trained to develop teamwork ability.
The main Individuals competent concerns:

v’ the team spirit;

v" willingness to cooperate;
v’ ability to learn;

v’ initiative;

v' organizational qualities.

The existence and development of these skills is a
key factor in individual professional career, regardless
of professional skills of technical education graduates.

Another important educational component linked to
stimulate scientific and technical creativity of students
is to develop own models for exploration, investigation
and expression, in the context of assuming decisions on
technical solutions adopted as a result of collaboration
and defining responsibilities within a working team.

Students competitions was an important part of
POSDRU "By practice you have future" - ID 141 251,
Priority 2 - "The correlation of long learning with the
labor market", Key Area of Intervention 2.1 -
"Transition from school to active life ". The project had
like beneficiary “The Professional Association of
Romanian Employers of Precision Industry Mechanics,
Optics and Mechatronics — APROMECA” and partners
were INCDMTM Bucharest, UPB - FIMM and the
Lumina University.

Students Contests are a way to put into practice the
theoretical knowledge accumulated in technical
universities. If mechatronics is required to constitute
groups of students from several people, even if only
reason is that as mechatronics consists of three scientific

components: mechanics, electronics and informatics.
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The working group will be the main way in which
students will put into practice the knowledge
accumulated college.

The participants of the creativity and innovation
student contest must be members of the target group of
POSDRU ID 141 251 "By practice you have future"
grouped in teams of minimum 3 students. Thus, eligible
students belong from the University POLITEHNICA of
Bucharest,  with  License  specializations in:
Mechatronics, Precision Mechanics and
Nanotechnologies, Optometry, Hydraulic Machines,
Economic Engineering, Medical Engineering. This was
recommended, but not mandatory, they form part of
different study programs, namely from different years of
study, order to cover the specific working tasks of
various technical fields, differentiated complexity
respectively.

By this project, we have organized two student
contests attended by students of universities Lumina and
UPB - FIMM, members in the target group.

The first contest, according to the planning, between
8 — 9 January, 2015 at the headquarters of the Faculty of

Mechatronics and Precision Mechanics, Department of
Mechanical Engineering and Mechatronics at the
University Politehnica of Bucharest, has been the public
presentation and judging the projects. Participants are
students from years 1 to 4 of two universities
participating in the project generally mixed teams,
reflecting the concept of good practice on equality of
chances.

The students enrolled in the contest are part of
different study programs from different years of study,
and so they have been able to cover specific working
tasks of various technical fields, respectively of
differentiated complexity. The setting up teams of
students was the result of a mature assessment of the
workload required for the project and the individual
competence of their members.

It was attended 11 teams, 5 from University UPB, 6
from Lumina University, 2 teams outside of contest
from UPB (2nd  year students, FIMM).

We provide, further, some information about the
winners of the two contests, as follows:

Table 1 — 1st Contest — Award 1

Mechatronic system for improving
communication and socialization skills of people
affected by disability

Authors: Luca Vasile Razvan, Petre Alina Stefania,
Neagu Catalin Ionut, Dinu George Dragos

Scientific consultants: S.I. Dr. Ing. Bogdan Gramescu,
As. Dr. Ing. Adrian Laurentiu Cartal, Dr. Ing. Iulian -
Sorin Munteanu, Mat. Victor Dunca.

Mechatronic ~ system  aimed at  improving
communication of people with disabilities by using the
transmission of words using coded language with the
help of contacts located on the fingertips

Humanoid Robot

Authors: Voiniciuc Constantin, Marcoianu Ingrid,
Vaduva Andreea, Petre Floriana
Scientific consultants: Conf. Dr.
Grigore, Lector Dr. Ing. Alexandru Cioacd, Conf.
Dr. Ing. Anton Soloi, Prof. Dr. Ing. Ticusor
Ciobotaru, Dr.ing. lulian- Sorin Munteanu.
Humanoid robots are developed to perform human
tasks, such as personal assistant, sick and old
people, became increasingly  popular in
entertainment events.

Ing. Lucian

30
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Table 2 — 2nd Contest - Award 1

Mechatronic system for hazardous and radioactive
exploration areas

Authors:  Vasile Rdazvan Luca, Alina Stefania
Petre,George Dragos Dinu, students 1V, FIMM,
specialization Mechatronics and Robotics.

Scientific consultants:
S.l.dr.ing. Bogdan
Laurentiu Cartal

It is a mechatronic system that enables a robot
locomotion on difficult terrain, with high humidity
levels, within radioactive or corrosive potentially for
inspection and analysis of the environmental conditions
in which its visit.

Gramescu, As.dr.ing. Adrian

Pipe Inspection Robot

Authors: Severin Andrei, Tudor Bogdan,

Mihalea Bogdan, students Il Mechatronics, FIMM
Scientific consultants:

Profdr.ing. Constantin Nifu, S.l.dr.ing. Lucian
Bogatu, S.l.dr.ing. Bogdan Gramescu, Ing. Marian
Vocurek, Dr.ing. Aurel Zapciu, Dr.ing.lulian- Sorin
MUNTEANU

The robot is intended to inspect pipe inside diameter
range between 250 and 350 mm. The robot is useful
both in case of technical quality control as well as in
the pipe verification for water, gas, oil, etc.

The second competition took place between 7 to 8

May 2015, with a total of 9 teams, 8 from UPB and 1
from Lumina University, first award is presented in
Table 2.

Summarizing the presented two charts can be drawn
representing the students participation in competitions
from UPB and Lumina, year of study and number of
students. (Figure 2 and Figure 3).

O UPB year |
20 OLuminayear|
15
OuPB year Il
10
511 B Lumina year Il
0
yearl Outof B UPB year lll
contegt
a O Lumina year lli
[-%
=
B UPB year IV

Figure 2 Distribution of students in the first contest
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Figure 3 Distribution of students in the second contest

All the knowledge in the field of mechatronics
curriculum can be capitalized only if they are put into
practice [1, 2].

As a student, one of the methods of the practical use
of technical knowledge acquired is the practical
training. Another method, as necessary and useful
technical development of students is the students
competitions, in which students are required to appeal
directly to specialized technical knowledge acquired, to
technical creativity and also to realize the available
combinations.

Practical Training objectives include developing the
ability to:
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¢ analysis of functional relationships in mechatronic
systems;

e to understand the stages / operations of the
manufacturing processes of mechatronic components;

¢ plan and organize manufacturing processes;

e put into operation the mechatronic systems;

e find and fix the defects of mechatronic systems;

e communicate using data processing systems;

e to monitor and perform corrective to electrical
sub-systems, to pneumatic sub-systems, and to
hydraulic sub-systems, within complex mechatronic
systems.

Practice-oriented training is ideal preparation for
work. Learning to workplace (job in production) is not
feasible due to risks of damage production systems.

A specialized system of learning — oriented on
practice — is optimal alternative for the qualification and
specialization of future technicians and engineers who
will work in production field. With such a system of
learning, professional training can be done gradually
and thoroughly, without pressure of time and without
the risk of stopping production.

In daily practice, a team of mechatronics technicians
(or specialized technicians as mechanical, electrical,
etc.) must be able to assemble, to put into operation,
operate and maintain the production capacity of a
factory, as well to eliminate any malfunction in the
production system. Often, they (mechatronics
technicians) are asked all of this in the shortest time
possible (Figure 4).

Figure 4 — Aspects of practical training

Professional performance of a mechatronics
specialist is based on two types of skills:

* professional;

* individual;

Mechatronics specialist must have the following
professional skills:

 planning and control of production processes,

control and evaluation of results, and the use of

quality management systems;

» mechanical parts processing, assembly of parts and

components in mechatronic systems;

* installing  electrical  subassemblies  and

components;

« measuring and checking electrical quantities;

* installation and testing of hardware and software

components;

* construction of electric actuators, pneumatic and

hydraulic and checking them;

* programming of mechatronic systems;

* assembly, disassembly, transport and maintenance

of safety machines, systems and installations;

* adjust and check the mechatronic systems;

e commissioning of mechatronic systems and

customer training;

* making intretinereii mechatronic systems;

e work with documents in English and

communication in English.

The vocational training must secure adequate means
for acquiring the skills and knowledge of mechatronics,
including design, execution and individual control. The
following skills and knowledge of basic and
supplementary underlying the preparation of the work
program [1,2, 4,7]:

« safety and health protection at work;

* environmental protection;

» technical and professional communication;

« quality management;

* assembly of parts and components in machines and

systems;
« installation, demounting and safe maintenance for
machines, systems and installations;
verification and regulation functions in

mechatronic systems;

« installing electrical/ mechanical subassemblies and
components;

» measuring and checking electrical quantities;

» planning and control of production processes,
control and evaluation of results;

« verification, marking and labeling;

» manual or mechanical operations like compression,
separation and deformation;

* installation and testing of hardware and software

components;

start-up / carrying into action and servicing of

mechatronic systems;

assembly and control devices (mechanic, electric,

pneumatic and hydraulic);

* programming of mechatronic systems;

3. Conclusions

Contests for students is a way of putting into
practice the theoretical knowledge gained in technical
universities, these providing students with complex
situations to be solved, which requires original and
innovative solutions, and the need to synthesize and
appeal to specific technical knowledge previous
acquired with the aim of create a whole complex and
competitive mechatronic assembly/ product, with higher
innovative technical performance (a good example, in
this respect, it may be the POSDRU project ID 141 251:
"By practice you have future").

Thus, mechatronics requires that into the important
contests for students to form groups of students with
more individual specializations, because mechatronics is
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made up of three major scientific fields: electro-
mechanics, electronics and programming. These mixed
working groups will ensure successful realization of
systems /complex mechatronic assemblies, by various
technical expertise of its members.

It can be pointed out that to obtain exceptional
technical projects presented in contests for students an
important role in finalizing the optimal creative
processes - scientific undertaken by participants a heavy
responsibility rests upon formers with over 5 years of
real technical experience, such as university lecturers or
trainers (scientific researchers with relevant experience
in technical projects R&D) from research and
development institutes (NIRD). [1]

Romanian students often prove inventiveness, the
desire to create original projects, but like any young
people involved still in the process of university
technical training feel the need for technical discussions
with technical experts, need confirmation and expert
mentoring throughout the stages of development the
original projects for competitions. [1]

Only a creative effort properly directed, can bring
full satisfaction of students and at the same time for
trainers with role of Scientific consultants in technical
contests for students, each of those involved gained
multiple rewarding (personal and scientific satisfaction)
at the end of the Mechatronics contests and at the end of
practical period in manufacturing, and prospects
subsequent for new researches at the superior technical
parameters into new advanced R&D projects [1, 2].
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Effect of Japanese SMW Engineering Method on Deep Foundation pit of Subway Stations

EFFECT OF JAPANESE SMW ENGINEERING METHOD ON

DEEP FOUNDATION PIT OF SUBWAY STATIONS
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Abstract - On the basis of requirements on retaining and protection of deep foundation pit in subway
stations, this study analyzes deformation laws of deep soil horizontal displacement, ground settlement and
axial load of bracing of foundation pit. Through changing relevant parameters of soil mass and space
enclosing structure, this study also explores effect of different physical properties of soil, different types
and layout forms of fashioned iron and different pre axial forces on deformation of retaining structures of
soil mixing wall (SMW), as well as put forward relevant measures for predicting and controlling of
foundation pit deformation. Besides, numerical modeling is also performed during excavation process of
subway stations and effects of different parameters on structure of foundation pit deformation are

obtained.

Keywords:
displacement.

SMW engineering method; subway; deep foundation pit; pre axial force; horizontal

1. Introduction.

Soil mixing wall (SMW) method derives from a
new-type construction method called MIP which was
developed in late World War Il in America [1-3]. In
1955, SMW method was introduced to Japan and
column-type underground walls were constructed on the
basis of MIP method. In 1971, the production of multi-
axis mixing and drilling machines solved various
problems of traditional drilling machines, which created
favorable conditions for wide application of steel
reinforced concrete composite mixing piles. Since then,
SMW method became mature gradually [4-8] and was
widely used in many developed countries in the 1990’s.

SMW pile construction method is also called steel
reinforced concrete composite mixing pile method,
which usually adopts multi-axis drilling and mixing
machines for drilling at construction sites as well as
construction of soil-cement piles through mixing
foundation soil with cement paste sprayed from drills;
overlap and overlap joint are performed on each element
during construction, and H-beams or steel plates are
inserted between soil-cement columns to form rigid and
seamless soil-blocking and waterproof structures.
Development of foundation pit in stations is closely
related to diverse and functional development of
enclosing structure. Reasonable choice of enclosing
structural forms on the basis of project profile of
foundation pit can not only ensure safety and stability of
excavation work, but can also lower construction costs.
With the growing requirements on construction

environment of foundation pit as well as foundation pit
deformation, the development of enclosing structure in
the future should have high strength, multifunction and
easy operation. Due to engineering application and
promotion of foundation pit as well as diversified
foundation pit forms and complicated environmental
conditions [9-10], traditional calculation methods can
not meet needs of current complicated engineering
needs. Therefore, the development of numerical
methods provides foundation pit engineering calculation
with new methods and ways. However, numerical
simulation is not truly developed and applied until
realization of development and popularization of
calculation; meanwhile, theoretical researches of
foundation pit engineering is further developed on the
platform of numerical simulation.

2. Project Profile

The station is in two-layer, double-column and
three-span structure, and it has an island-type platform.
Burial depth of station is 17~18 m; overall size of
standard paragraph is 20.5 m x 13.21 m (width X
height); thickness of covered soil on top is about 3.5 m.
Mileage between the starting point and terminal point is
designed as Y (Z) DK31 + 654.698 ~ Y (Z) DK31 +
888.98; available center mileage of station is YDK31 +
736.473; available center rail surface elevation is
391.475, and length of the station is 233.7 m. Plan
sketch of the subway station is as shown in figure 1.
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Figure 1. Plan sketch of the subway station

Open cut method was adopted in the construction
of major structures [11-12]. Depth of the foundation pit
was 14.364 ~ 14.978 m; 850@600 cemented soil was
used in the space enclosing structure using three stalk
agitation stake; HN700 x 300 fashioned iron was
inserted for supporting. P.032.5 Portland cement was
adopted and cement-mixing ratio was 18.2%.
Interpolated fashioned iron was arranged using “insert
two jump one” and “intensive splice” these two methods
according to foundation pit depth as well as geological
data. Fashioned iron was recycled after the construction
was finished. Fashioned iron should be derusted and
brushed with anti friction agent before insertion;

reinforced concrete top beam in 900 x 800 (width x
height) was set on pile top.

The station was arranged in plane direction and
was mainly designed in diagonal bracing. Corners of
foundation pit were set up with appropriate amount of
diagonal bracing to stabilize the foundation pit; the
foundation pit was excavated symmetrically in two
sides and depths excavated in each layer were controlled
at about 3 m; the excavation was stopped after the
excavated depth was 0.3 m below the supporting, and
waist beams were erected. 609 steel tubes were used as
internal bracing and t=14 mm (the first line of
supporting as well as accessory structure bracing were
bothl2 mm). Main part of the foundation pit was
vertically set with four lines of bracing; vertical
intervals were 4.1 m, 3.0 m and 4.1 m while horizontal
intervals were 3.5 m. Details are shown in figure 2.

Pre-applied force was exerted during installation of
steel tube bracing [13-15] and pre-applied force was
50% ~ 80% of designed axial force. The number of steel
waist-beams was 2 ~ 3 and they were combined with
batten plates; waist beams were fixed on steel supports
and supports were welded on H-fashioned iron.

First line of supporting: 609 steel tubes; t=12 mm;

pre-applied force is 200 KN

[FE=————=— ——

| Second line of supporting: 609 steel tubes;

t=14 mm; pre-applied force is 1000 KN

Third line of suppo_rtin?: 609 steel tubes;
t=14 mm; pre-applied force is 1200 KN

Fourth line of supporting: 609 steel tubes;
t=14 mm; pre-applied force is 1000 KN

Waist beam 400 x 700

200, C20 plain concrete cushion

N Bottom of major structure of foundation pit

Figure 2. Sketch map of foundation pit supporting

3. Effect of physical properties of soil mass on
supporting structure deformation

Effect of Elasticity Modulus of Soil Mass on
Supporting Structure Deformation

Model simulation scheme in this study is as
follows [16-18]: parameters of soil mass were taken as
0.8 and 1.2 times respectively of original elasticity
modulus for calculation to analyze rules of elasticity
modulus of soil mass to deep soil horizontal
displacement, ground settlement and bottom heave of
foundation pit supporting structure. Figure 3, figure 4
and figure 5 show changing curves of horizontal

displacement, ground settlement and bottom heave of
supporting structure under different elasticity modulus
of soil mass.

Results show that when intensities of the soil are
the same (c and are the same), the increase of modulus
of soil will significantly reduce deformation of
supporting structure, which can be explained from two
aspects: firstly, increase of modulus of soil will enhance
restraint effect of unexcavated soil on deformation of
supporting structure, thus deformation of foundation pit
is decreased; secondly, increase of modulus of soil can
improve self stability of soil outside the pit, which also
decreases deformation of foundation pit.
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Therefore, modulus of soil is the main parameter structure, and increase of modulus of soil can greatly
that affects deformation of foundation pit supporting control deformation of foundation pit.
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Figure 3. Changing curves of deep soil horizontal displacement
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Figure 5. Changing curves of bottom heave

of Soil Mass on

Deformation of Supporting Structure

rules of elasticity modulus of soil mass to deep soil

Soil mechanical parameters were taken as 0.8 and horizontal displacement, ground settlement and bottom
1.2 times of original cohesive force respectively for heave of foundation pit supporting structure were
calculation; obtained.
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Figure 6. Curves of deep soil horizontal displacement

Figure 6 shows changing curves of horizontal
displacement of supporting structure with different
cohesive force of soil mass, which indicates that
cohesive force of soil mass has little effect on
deformation of supporting structure, and with the
increase of cohesion of soil mass, the maximum
horizontal ~ displacement of supporting structure
decreases gradually. The reason can be explained by
following active earth pressure equation:

o, =7ty 2(45" - %) —2¢c-1g (45" —%)

The equation shows that with the increase of soil
cohesion, active earth pressure is decreasing, which
results in decrease of deformation of supporting
structure and soil mass. As shown in figure 6, changes
of ¢ values of first, second and third layer (excavation
depth is 12 m) have little effect on horizontal
displacement of supporting structure, while changes of ¢
value of the forth layer (11 m excavation depth to the
bottom of pit) have the biggest effect on horizontal
displacement of supporting structure, which means this
layer has the biggest effect on stability of foundation pit.
In the scheme, changes of each layer are considered to
be the same to study the effect of cohesion on
deformation of foundation pit, and the fourth layer has
big cohesion value as well as cohesion changes. The
equation of active earth pressure shows that in
corresponding positions, decreasing extent of horizontal
displacement is obvious, which provides a basis for how
SMW method guarantees stability of foundation pit
excavation: the key soil layer which affects stability is
calculated through numerical modeling before
foundation pit excavation; then reinforcement treatment
is performed on corresponding soil layers, thus to obtain
satisfying results with a small cost, which saves
engineering costs as well as guarantee safety of
foundation pit excavation.

4. Effect of buried depth of support pile on
deformation of supporting structure

Buried depths of supporting structure were taken
as 0.5 H, 1.0 H, 1.5 H, 2 H and 2.5 H of excavation
depth, and length of fashioned iron was the same as
support pile. In order to analyze effect of buried depth
of support pile in vertical force and deformation of
foundation  pit, suppose physical conditions,
displacement boundary condition and load boundary
conditions as well as geometric model are the same as
basic example model [25-27]. When buried depth of
support pile is 0.5 H and the excavation depth is close to
the pit bottom, numerical results indicate that the
foundation pit is damaged. Therefore, buried depth of
foundation pit should be ensured, or the increase of
supporting structure displacement will lead to instability
of foundation pit. Figure 7 shows horizontal
displacement curves of supporting structure with
different buried depths. When the buried depth is 1 H,
the maximum value of horizontal displacement of soil
mass is 25.2 mm, which indicates big deformation.
When the buried depth is 1.5 H, the buried depth can
effectively decrease horizontal displacement of support
pile, and the maximum value of horizontal displacement
is 23.7 mm. When the buried depth is over 1.5 H, the
effect becomes insignificant. Therefore, the maximum
horizontal displacements all occur at around 12 m depth
of foundation pit.

Figure 7 shows that depth of supporting structure
should meet certain requirements, and increase of depth
can reduce lateral displacement of supporting structure.
However, when the buried depth already meets needs of
supporting structure stability, the increase of buried
depth will lead to unsatisfying results. Literature [19-20]
indicate that on the promise that the bottom of
foundation pit shows no upheaval or instability, that is
to say the buried depth meets the minimum value
requirement, the buried depth of supporting structure
has little relation with lateral displacement and
deformation of foundation pit.
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Figure 7. Curves of lateral displacement of supporting structure under different buried depths

Figure 8 reveals relationship between surrounding
earth surface and different buried depths. Results
indicate that changes of surrounding earth surface are
basically the same as different buried depths and lateral
displacement. When the buried depth of supporting
structure is over 1.5 H, changes of surrounding earth
surface become insignificant. Buried depth of support

pile is the important content in supporting structure
design. Shallow buried depth will lead to life danger.
However, controlling deformation of supporting
structures  through increasing depth only has
insignificant effect, which will also increase engineering
cost. Thus, these factors should be considered
comprehensively to maintain stability of pit bottom.

Maximum settlement(mm)
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-2 L

-4 |

- |

-12 L

N /—(/A
-10

Depth(H)

Figure 8 . Relationship between surrounding earth surface and different buried depths

5. Effect of fashioned iron arrangement on
deformation of supporting structures

Suppose fashioned iron arrangement is designed as
in figure 9 to analyze deformation of supporting
structure like horizontal displacement and surrounding
earth surface changes. Displacement boundary
conditions and load boundary conditions of surrounding
soil mass and cement soil as well as geometric model
are the same as basic example model. Parameters are
shown in table 1.

Table 1. Parameters of fashioned iron in different
arrangement

Arrangement forms Thickness of | Excavati
soil-cement on depth
pile

Intensive splice
Insert one jump one 0.6 m 14m
Insert two jump one
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OL01C

Intensive splice

Insert one jump one

GRS

Insert two jump one
Figure 9. Sketch map of fashioned iron in different arrangement

Curves of horizontal displacement of supporting
structures of fashioned iron in different arrangement are
as shown in figure 10 [21-22]. It can be seen from figure
10 that horizontal displacement curves of soil-cement
piles in different arrangement are roughly the same;

horizontal displacement of the supporting structure used
intensive splice is the smallest, and biggest
displacement occurs at 12 m depth and horizontal
displacement amount is 23.5 mm.

—— Intensive splice
—=— Insert one jump one
——Insert two jump one

Depth(m)

30 - Displacement(mm)
Y
25 L ,/:_
}fﬁ Ay
20 ! -
15 4
10 -
5
0 - I
0 5 10 15 20 25 30

Figure 10. Curves of horizontal displacement of fashioned iron in different arrangement

6. Effect of horizontal intervals of supporting on
support deforming

Horizontal intervals of supporting in the engineering
are about 3.5 m. In order to analyze effect of horizontal
intervals of supporting on deformation of foundation pit,
horizontal intervals of foundation pit are simulated as 3
m and 4 m respectively while other parameters are the
same.

It is an important method to control deformation of
supporting  structures  through adjusting support
intervals. When intervals are 4 m, the biggest
displacement is 28.8 mm, which is within the alarm
value; however, when intervals are 3 m, it is
inconvenient for excavators to operate normally, and it
also brings extra costs to engineering. Therefore, it is
appropriate to set support intervals as 3.5 m ~ 4 m,
which has little influence on deformation of foundation

pit.

30 Displacement(mm)

25 | ‘m
/::-f' H‘J,

20

15 4

10

—+ Interval 3m
—= Interval 3.5m
—a__Interval 4m

0 5

Depth(m)

10 15 20

25 30

Figure 11. Changing curves of horizontal displacement of supporting structures with different support intervals
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7. Effect of axis force of braces on support structure
deformation

In order to explore effect of axis force of braces on
support structure deformation [23-24], 10%, 50%, 80%
and 100% of design value are taken, as shown in table

2, and the relationship between brace pre axial force and
deformation and displacement of foundation pit
supporting is obtained, thus to further obtain effect laws
of brace pre axial force to structure of foundation pit
supporting.

Table 2. Parameters of support in advance and axial force of steel

Parameters | Design Pre axial force (KN) Note
axial force Design value Design value Design value | Design value | Other
(KN) 10% 50% 80% 100% | parameters
First line of are the
support 215.6 21.56 107.8 172.48 215.6 | same
Second line
of support | 1960 196 980 1568 980
Third line
Fourthline | 4560 156.8 784 1254.4 1568
of support

Figure 12 shows curves of horizontal displacement
of space enclosing structure with different support in
advance and axial force [31-34]. Axis force of brace
increases from 10% of design value to 100% of design
value, and horizontal displacement of pile top of support
structure decreases 112.3 mm and horizontal
displacement of deep soil mass decreases 8.9 mm.

Figure 12 indicates that increase of pre axial force
of foundation pit can effectively decrease deformation
of support structure, but changes of support structure
become insignificant below excavation face. When the
support in advance and axial force is 100% of design
value, increase of axis force of brace will make pile top
of foundation pit gradually move to outside of
foundation pit, and horizontal displacement of deep soil
mass decreases significantly.

Therefore, increase of support in advance and axial
force can effectively control support structure
deformation, especially support structure deformation
above the excavation face. However, too much support
in advance and axial force can lead to excessive
retrocession of support pile as well as worsen stress
conditions of support pile, thus affect strength of
support pile.

Therefore, in projects which are strict with
deformation of supporting structures, it is effective to
decrease deformation through increasing rigidity of
support as well as accordingly increasing sections of
piles to improve bending moment. 50% ~ 80% of axial
force is suggested.

35 1 Displacement(mm)
30

Pre axial force 10%

Pre axial force 50%
Pre axial force 80%
Pre axial force100%

o 5 10 15 20
Depth(m)

25 30

Figure 12. Curves of horizontal displacement of space enclosing structure in different support
in advance and axial force

8. Conclusion

Analysis of effect of influencing factors on
deformation of foundation pit supporting show that
when buried depth of support pile is 5 H, foundation pit

capsizes due to insufficient buried depth of soil-cement
piles; when buried depth of support structure is over 1.5
H, deformation of surrounding earth surface becomes
insignificant; when buried depth meet stability
requirements, increase of buried depth has little effect

40 The Romanian Review Precision Mechanics, Optics & Mechatronics, 2016, Issue 49



Effect of Japanese SMW Engineering Method on Deep Foundation pit of Subway Stations

on decreasing horizontal displacement of support
structure. Besides, in different arrangement of fashioned
iron, soil mass of soil-cement piles using intensive
splice method has the smallest horizontal displacement,
and it also has certain control effect on settlement of
surrounding earth surface. Therefore, increase of density
of fashioned iron can significantly increase stress and
deformability of support structure. However, increase of
fashioned iron will increase costs of construction as well
as make construction become difficult, thus factors
should be considered comprehensively. Space effect law
of foundation pit should be paid attention to and Hold
Before Digging method should be adopted; appropriate
support intervals are 3.5 m ~ 4 m and decrease of
support intervals can effectively reduce displacement.
The first line of support plays an important role in
controlling displacement of pile top, because
improvement of first line of support in advance and
axial force can effectively control displacement of pile
top. Numerical modeling indicates that the first line of
support in advance and axial force should be 80% ~
100% of axial force. Increase of pre axial force can
effectively  reduce the  maximum  horizontal
displacement of pile top of foundation pit and
supporting structure; however, too much pre axial force
will lead to excessive retrocession of support pile; pre
axial force is usually 50% ~ 80% of axial force.
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Influencing Factors of Fatigue Break of Round Spring for Railway Freight Car’s Bogie

INFLUENCING FACTORS OF FATIGUE BREAK OF ROUND
SPRING FOR RAILWAY FREIGHT CAR’S BOGIE

Zhang Wencai
Jilin Railway Technology College, Jilin, 132200, China
E-mail: wencaizh22@163.com

Abstract - Round spring is one of the main components of a railway freight car’s bogie and its
performance and service life determine the security and stability of bogie’s operation. Due to the effect of
alternating stress, the breakage of spring is mainly fatigue break, thus the fatigue strength of spring is a
critical index to evaluate the performance of spring. Influencing factors of spring’s fatigue break is
various, such as factors of spring’s steel raw materials and manufacturing techniques. Therefore,
systematical analysis of influencing factors of spring’s fatigue strength (service life) is necessary. Taking
round spring (type K2 round spring was used for example) of railway freight car’s bogie as research
object, this study firstly discussed various performance indexes of type K2 round spring and analyzed the
manufacturing technique and parameter indexes of type K2 round spring. Then, based on influencing
factors of type K2 round spring’s fatigue break, this study took broken round springs of railway freight
cars’ bogies for fatigue tests to study the reasons of spring’s breakage, thus to further study various

influencing factors and mechanism of spring’s fatigue break.

Keywords: Round spring; fatigue break; type K2 spring; fatigue test.

1. Introduction

In recent over ten years, Chinese economy is
highly developing, and as a main type of transportation,
railway no longer meets the needs of economic
development. Under such circumstances, railway is sped
up several times and strategic target of great-leap-
forward development of railway has been put forward to
meet the needs of development of national economy [1].
Bogie technology is improving and developing fast,
which is upgraded from 8A to 8G, type K2, type K6,
etc., thus requirements on quality and reliability of all
accessories of bogies as well as their service life
significantly increases. At present, as a critical
component of railway freight car’s bogie, spring’s
service life increases to three million times from one
million times [2], and quality guarantee upgrades from
one shed repair period to one shop repair period. Steel
raw materials of springs upgrade from 60Si2Mn hot
rolled materials to 60Si2CrVAT surface grinding
materials [3-4], thus physical and chemical properties,
grain sizes [5], occluded foreign substance level and
surface quality of materials all increase significantly. In
recent years, product quality supervision and inspection
center of China's Ministry of Railway spot checked
springs produced by railway spring manufacturers for
fatigue tests, and the phenomena of unqualified service
life of springs were very common [6].

Some specialists and scholars did fatigue life
analysis on elastic side bearing of type K2 bogie as well
as used energy method and S-N curve (stress-life curve)
method to calculate the fatigue life of elastic side
bearing of type K2 bogie. The comparison between
calculation results and fatigue testing results indicated
that results from energy method were close to results
from tests [7-8]. Therefore, this study analyzed
influencing factors of round spring’s fatigue break of
railway freight car’s bogie, summarized main
influencing factors of spring’s service life as well as
analyzed reasons of spring breakage and process of
crack extension.

2. Manufacturing  process  of
requirements of fatigue break test

springs and

Manufacturing Process of Springs

Types of springs have developed from type 8A to
other various types, such as type K2, type K4, type K6
and MT-3 bumper, etc. So far, more and more
manufacturers begin to produce railway freight car
springs and the total production capacity increases year
by year. The manufacturing process of railway freight
car’s spring has been shown in figure 1.
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Fig 1. Manufacturing process of spring of railway freight car’s bogie

Fatigue Test of Springs

Fatigue test is an effective method of testing spring’s
fatigue life and reliability of usage, that a testing spring
is put on a testing workbench and is tested under a
certain extent, maximum and minimum deformation
quantity (or average load, maximum or minimum load)
as well as a certain frequency (1~6 Hz) and continuous
cycle effect. The aims of spring’s fatigue test can be
mainly divided into three kinds: first is to test fatigue
life and stability of spring products or designed spring

parts [9]; second is to determine the fatigue limits of
spring materials or S-N curve to provide basis for spring
design; third is to determine the effect of external
factors on spring’s fatigue strength or fatigue life, which
is mostly applied to comparison experiments to provide
basis for spring design and quality improvement. The
fatigue tests of railway freight car springs are mainly to
verify fatigue life and evaluate reliability of springs.
Experimental parameters of research object type K2
spring have been shown in table 1.

Table 1. Parameters of type K2 springs’ fatigue tests

Static Dynamic Dynami| Maximum Maximum | Test frequenc Fatigue life
Type deflection | deflection céctors load /kN stress /MPa (times(/qmin)y (ten thousand
/mm /mm times)
Outer helical | 0 374 | 04 31972 754
spring
Inner helical
spring 24.7 19.8 1.4 13457 583 180240 300 (Normal
Damping | 97 | 5576 | 24 13894 762 temperature)
outer spring
_Damping |44 5 55.8 3.4 879
inner spring

After using dynamic stress test to calculate type K2
springs’ fatigue life, analyzing cycle indexes of springs
under fatigue loading conditions and referring to
relevant research results, we can draw following
conclusions [10-11]: 500 thousand times fatigue life of
spring equals to one-year normal operation of the
spring, and when fatigue life reaches 3 million times,

the fatigue life tend to be stable, thus the probability of
5 million times fatigue life is high. Therefore, overall
considering various factors, 3 million times fatigue life
is enough for a warranty period which is one shop repair
period (9 years).

Checking of Fatigue Strength and Static Strength of
Type K2 Spring
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The operation of type K2 spring is affected by variable
load, thus the following is the checking of fatigue
strength and static strength of type K2 spring.

Checking of fatigue strength:

Calculation formula of fatigue strength safety factor S

is. S=(7,+0.757,) /7,25,

In the formula, S is fatigue strength safety factor; 7, is
pulsating fatigue limit of spring material; 7, is shear
stress MPa under working load P, ; 7, is shear stress
MPa under working load P, ; S, is allowable safety

factor and Sp =1.3~1.7;

7, =8C,PD/nd*andz, =8C,P,D/ zd*.
In the following equation, D is the pitch diameter of

spring (mean diameter) in mm, and d is the diameter of
material in mm:

Cy =7, | 7=(4C—1)/(4C—4)+0.615/C;
C=D/d
C,, is the theoretical stress concentration factor (stress

modifying factor) and C is spring index. Material of
type K2 spring is 60Si2CrVA and its strength of

extension o, =1900 MPa. Therefore, the fatigue

strength safety factor of type K2 spring can be
calculated according to above formula.

Checking of static strength

Calculation formula of static strength safety factor

isS=7/7,2=S,.

max —
In the formula, 7, is yield limit of spring material, Sp is

allowable safety factor which is the same as the
checking of fatigue strength. The yield limit of type K2
spring material is 1700 MPa.

3. Influencing factors of fatigue life of spring

Occurrence and Classification of Breakage

Under the cyclic loading effects, metals or components
will break even the stress is under yield strength, which
is called fatigue break. Breakage is a very complicated
phenomenon that occurs on components or materials. In
different  mechanics, physical and chemical
environments, high temperature and lasting stress effect
will cause creep break and corrosion environment will
cause stress corrosion or corrosion fatigue break, etc. In
engineering applications, breakage can be divided into
brittle break and tenacity break, and in different
situations, different terms are used to describe
characteristics of breakage.

Fatigue Break

In general conditions, fatigue fracture consists of fatigue
source, crack extension area (smooth area) and the final
instant break area. Fatigue source can be obvious or
unknown, thus crack extension area and instant break
area are two main parts of fracture.

Main characteristics of crack extension area are that the
surface is smooth, and it is the result from friction of
crack surfaces in the extending process of cracks.
However, the characteristics of instant break area are
that when fatigue cracks extend to a certain extent,
effective loading area is reducing and relevant operating
stress is increasing. Thus when stress is bigger than
breaking stress of the material, spring will have instance
breakage, and the fracture is rough and irregular.

When spring surface has no macroscopic defects,
fatigue cracks mostly occur at grain boundaries, phase
boundaries, foreign substances and brittle carbide, etc.,
and then gradually extend inwards. Microscopic
characteristics of fatigue fracture mainly show in the
crack extension area, and main microscopic
characteristics of crack extension area are fatigue
striations, which can only be observed under high-
power microscope. Shapes of striations are fluctuated
and rippled, and every striation stands for one loading
cycle. The leading edge line of cracks can be
determined by striations, and striations have plasticity
and brittleness.

Generally speaking, fatigue break process of metal
materials has following stages: slippage, nucleation,
microcosmic crack extension, macroscopic crack
extension and instant breakage. Metal materials have
multiple ways to have fatigue cracks: some fatigue
cracks occur at the surface of metallic crystal, crystal
boundaries or the connection part of nonmetal foreign
substances inside metal; some occur at congenital defect
areas of metal, such as mechanical scratch on surface,
pitting, manufacturing defects, decarburization, etc;
Some are due to the stress concentration caused by the
component’s structure and thus occur at component’s
inner or outer circular bead, gap, etc.

Fatigue Curve (S-N Curve)

Traditional fatigue design is based on fatigue curve
of material or S (stress)-N (life) curve. Because actual
data have big discreteness, statistical adjustment method
is used for curve plotting. As for varying stress, damage
accumulation hypothesis should be used to estimate
fatigue life of components [12].

The resistivity of materials to varying stress is
presented by maximum stress o, that will not cause

damage under certain cycle indexes N.  is called the

limiting stress under certain cycle indexes N as well as
conditional fatigue limit. The limiting stress of a
material under cycle indexes N can be obtained through
experiments. Taking abscissa as cycle indexes N and
ordinate as limiting stress to draw a fatigue curve (S-N
curve) of the material. As shown in figure 2, higher
stress will result in less cycle indexes. When varying
stress is lower than a certain value, the material stops
producing fatigue damage, and the stress at that time is
called the limiting stress of material. The cycle indexes
at the time that limiting stress occurs is called cycle
cardinal number NO, and the cycle cardinal number of
general steels was about 106-107.
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Fig 2. Fatigue curve of spring

Theoretical Analysis of Influencing Factors of
Spring’s Fatigue Life

Springs work under high stress. Material surface has
the maximum stress, thus comprehensive performance
and surface quality of spring material directly influence
the quality, performance and fatigue (service) life of the
spring.

Fatigue break of springs often starts from tiny
surface defects, and then become small cracks under the
effect of alternating load, and finally the extension of
cracks results in breakage. Fatigue is a gradual, partial
and permanent structural change. Such change happens
when spring’s maximum stress value is smaller than
yield strength of materials, and also due to the effect of
varying stress. Small cracks can result in fatigue break
after a certain stress cycle indexes. The fatigue life of
railway freight car bogie’s spring is 3*106 times.

Because spring fatigue is a partial damage that often

starts from the weakest part of spring material and then
extends to the whole section. Thus spring’s geometrical
shape, discontinuity of section, surface status of
material and uniformity of organizational structure are
all critical factors that determine spring’s fatigue
performance [13]. Stress conditions of spring also have
effects on fatigue performance, such as chemical
components, nonmetal foreign substances, noxious gas,
mechanical property, metallurgical defects, surface
status, size and shape, heat treatment quality, etc.

4. Reason analysis of early breakage of spring
during operation

Seven type K2 round springs of railway freight cars’
bogies that broke on the road were collected. The
broken parts were mainly at 1~1.5 circles and a few
were at other parts. Most parts broken into two sections
(broke at one end) and a few parts broke into three
sections (broke at both ends). The operation time of
spring was about one shed repair period, which is
shorter than one shop repair period. Broken springs
were numbered and the break reasons of spring samples
were analyzed.

Hardness Test

First, lateral end face samples of number 1~7 broken
springs were taken using wire-electrode cutting. Then
samples had hardness test on Rockwell hardness tester,
and the results have been shown in table 2.

Table 2. Rockwell hardness (HRC) test results of spring samples

Samples ) Standard Edge hardness value (distance from| Average | Center hardness | Average
ardness value surface was about 2mm) value value value

1 44.8 455 45.2 45.2 46.5 46.0 46.25

2 44.2 45.0 47.0 45.4 46.0 46.8 46.4

3 42.0 475 46.6 45.3 47.0 47.2 47.1

4 42-48 44.0 46.9 46.2 45.7 47.0 47.0 47.0

5 45.1 475 455 46.0 48.0 48.0 48.0

6 42.0 475 46.5 453 485 475 48.0

7 45.2 47.0 46.0 46.0 45.0 45.6 45.3

Decarburized Layers Checking

After the lateral end faces of number 1~7 broken
springs were burnished, polished and had corrosion
process, their decarburized layer depths were observed

under metallographic microscope. The results have been
shown in table 3.

Table 3. Testing results of decarburized layers (mm)

Sample numbers Standard 1 2
value

3 4 5 6 7

Decarburized

layer depths <0.2 0.11 | 0.06

0.18 0.09 0.17 0.22 0.12

Results showed that number 2 and number 4 had
small decarburized layer depth values; number 1 spring
sample was a half decarburized layer; other samples
were decarburized layer combined with half

decarburized layer; the decarburized layer depth value
of number 6 sample was bigger than 0.2 mm, which
passed standard value, and other samples all met the
requirements.
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Detection of Nonmetal Foreign Substances
Longitudinal samples of number 1~7 springs were
taken, and they were polished but had no etching.
Then they were observed under metallographic
microscope and evaluated according to ASTM-E45 rate

of GB/T10561-2005 Rating Map of Microscopy
Evaluating Methods of Nonmetal Foreign Substances in
Steels. Results have been shown in table 4

Table 4. Evaluation results of microscopy detection of nonmetal Foreign Substances
Sample Types of foreign substances
numk?ers - A - - B - - c - - D -
Thin Thick | Thin | Thick | Thin | Thick Thin Thick

1 0.5 1.0 0.5 0.5 0.5 0.5 0.5 0.5
2 0.5 0.5 1.0 0.5 0.5 0.5 0.5 0.5
3 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
4 0.5 0.5 0.5 0.5 0.5 1.0 0.5 0.5
5 0.5 0.5 0.5 0.5 0.5 0.5 0.5 0.5
6 0.5 0.5 0.5 1.0 0.5 0.5 0.5 0.5
7 1.0 0.5 0.5 0.5 0.5 0.5 0.5 0.5

Besides, this study also did metallographic structure
test, fluorescence test, macroscopic test, fracture test,
etc., and no more detailed description here.

All results showed that the breakage of number 1~7
spring samples were all fatigue break and cracks all
started from cracks of surfaces. However, the
occurrences of cracks were due to the formation of
surface open grain structure during heating process, thus
causes early fatigue break of springs.

5. Conclusion

The analysis of type K2 spring design and breakage
during operation shows that the influencing factors of
fatigue break are different. However, it is a systematic,
long-term and complicated work to analyze influencing
factors of spring fatigue break. Because fatigue break
of spring is the result from combined action of multiple
factors, different life areas have different decisive
factors. At present, it is a great challenge to guarantee
the fatigue life of springs to be longer than standard.
Therefore, the researches on spring’s fatigue break need
further discussion, thus to enhance the reliability of
railway freight car bogie spring’s fatigue life and
service life.
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1. Introduction

This article aims to integrate the full control of the
bearing rings in manufacturing technology to ensure
quality growth, providing information about processes,
process control by providing a mechatronic, flexible
equipment with open architecture, designed to
dimensional and geometric multi-parametric control of
ball and rollers bearing rings surfaces.

This equipment must meet the following
requirements: rapid and precise calibration; rapid
adaptation to the requirements of the manufacturing
process; safe and precise detection of parameters
deviations resulting in processing for multi-parametric
control of a wide range (shape and size) of bearing
rings; decisional capacity based on predetermined
criteria; statistical calculation program for control and
streamlining of manufacturing process. [2]

Considering the global technological progress, the
bearings are still a challenge for further research and
development, as evidenced by the fact that many
engineers and researchers are currently engaged in
research projects in this area to develop new materials,
extending the life and field of application.

Material
- contact load resistance
-wear resistance
-tenacity
-dimensional stability

Heat treatment
-reduction of energy consumptio
-reducion of CO2 quantity
-heat treatment in vacuum
-etc.

Technological
evolution —»
Optimizarea

performantelor

rulmentilor

The main elements that contribute to optimizing the
quality of the bearings are shown in Fig. 1. [3]
According to the diagram presented in Fig. 1, the
development of inspection technologies, closely related
to evolution of processing technologies is an important
factor for improving the quality and accuracy of
bearings rolling surfaces and a decisive factor in
increasing the accuracy and reliability of mechanisms
with bearings. Studies have indicated the need to
improve the bearing components inspection
technologies rings on production flow to reduce
inspection costs simultaneously with increasing the
accuracy. Quality requirements of precision bearing
components  are  becoming more  stringent.
Manufacturing costs and processing accuracy can be
improved considerably by integrating automatic control
equipment.

Before developing a performance measurement
system it is necessary to understand the technology of
bearing components processing, sources of errors in
manufacturing process, requirements regarding to
measurable characteristics. Such information shall serve
as a basis for developing a control system in optimal
quality cost. [2] [3]

Lubricants
-biodegradable lubricants
-dynamic viscosity
-density variation with
temperature

eometry and surface quality
of Raceway

-processing technology

-control technology

Fig.1 Trends in technological development for increasing quality of rolling bearings
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The accuracy of rotation of the shafts supported on
bearings depends on a number of factors. The most
important factors are the position and form accuracy of
the raceways of the bearing rings. DIN and 1SO
standards as well as the norms of national standard
developing organizations, prescribe values of the
dimensional, form and position deviations, which refers
to the bore of the inner ring, the outer diameter of the
outer ring, fillet radii or chamfers of both rings, width of
rings, rotational accuracy (radial and axial runout,
perpendicularity deviation, tilt). Amount of these
deviations, for different bearing sizes, fit the bearings
into various classes of precision. DIN ISO 620 and
492/199/582 define the dimensional tolerances of
bearing fitting them into 6 accuracy classes. [5]

Dimensional and geometric deviations and
raceway surfaces quality is fundamental to the level of
vibration and noise, quality of rotary motion,
lubrication, uniform distribution of forces on the contact
line, the fatigue strength of the bearing. The quality of
raceway surfaces is determined by the parameters of the
cutting process, cutting tool geometry, the nature of the
material being machined, the rigidity of technological
system, cutting environment, etc. (fig.2) [2]

2. Dimensional and geometric measurable features
of the bearing rings

The main measurable dimensional feature of the
inner and outer rings of the bearings are: the inner
diameter of inner ring, the outer diameter of outer ring,
and the width of the rings. For the operation of the
bearings, very important is the geometry of the
raceways.

For ball bearings, the geometry of the raceway is
defined in addition to the rolling diameter (diameter of
an imaginary circle extent in a plane perpendicular to
the axis of symmetry, in the deepest portion of the track
of the inner or outer ring — Fig. 3) by the rolling radius
(radius of the circular arc profile, in a plane which
intersect the axis of symmetry - fig.3). These two
parameters are very important because they influence
the axial and radial clearance of bearing, contact angle
and precision of the rolling movement. Rolling radius is
not equal to the radius of rolling elements. The
difference between these radii defines the curvature of
the raceway (Fig. 3).

The main geometrical deviations of the bearing
rings are: deviation of mean bore diameter, deviation of
mean outside diameter, variation of rings width, radial
runout of inner ring, radial runout of outer ring, axial
runout.

The measurement principles for the main
measurable characteristics of rolling bearings rings
gauging according to 1SO 1132 are shown in the table 1

[7].

Factors which influence the precision of
bearing components processing

Y

A 4 A 4 A 4 A 4 A 4
External Factors that Factors that depend Factors that  ||Factors that depend
factors depend on piece on the fastening depend on the on machine tool

=

| Electric and magnetic fields, radiations [«

| Errors of means and methods of measurement |«

F_.

Part geometry (may arise internal tensions) |‘—‘

the nneratar
processing

[Heat, humidity. vibrations
The imperfections of the blanks
Fixing and basing errors

Quialification, attention and conscientiousness of ||
Elastic and thermal deformations, variable during |e-

| Inhomogeneity and workability of the material [+

|Stiffness and wear of fasteners and basing devices

i

manufacturing

|<_

13

Tool wear

Features of the tools
Stiffness of the tools

Cutting regime

active parts

|Errors in fixing of the devices on the machine tool

| Variation of the clamping forces

Incorrect positioning of the tool
Machine tool kinematics errors

Machine tool geometric errors and wear of the |4 ¢
| Thermal deformations of machine tool parts [€—

|Static and dynamic stiffness of the machine tool |‘_

Fig.2 Factors which influence the precision of processing on machine tools
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Rolling bearing rings measuring and gauging principles and methods

Table 1

Measured feature

Measurement principle

Measured feature

Measurement principle

Dimensional features of inner ring

Inner diameter
measured in a single
plane
d = nominal diameter
(small diameter for
tapered bore); di=

nominal large diameter

for tapered bore; a =

measurement distance |

Ads: ds-d =
Deviation of bore
diameter from
nominal dimension

—

O

Deviation of bore

diameter
Admp :dmp d =
Deviation of mean

diameter from nominal
dimension in a radial
plane

Vp =ps max— ps min =
Variation of bore
diameter

in a radial plane = 2 x
roundness (ISO 1132)

a = measured distance

o

@

[ ]

s
N

Inner diameters
measured in
multiple planes
Vimp = dmp max — dmp

min =

variation of mean
bore diameter in
various radial planes

—

~
N A
- w
e~

Deviation of the outside
diameter
Dinp=Dmp— D =
Deviation of mean
outside diameter
from nominal dimension
in a single radial plane
Vbp =Dps max— Dps min =

a =Measured Variation of outside
distance diameter in a radial plane
= 2xroundness (ISO
o | 1132)
5| a=measured distance
Width ©
measurement ‘c | Deviation of inner ring
B= nominal width of @ 5 width ) @
the ring , QE) VBs =Bs max — Bs min
Bs=Bs-B= | g =

Deviation of inner
ring width from
nominal dimension

\Variation of inner ring
width (axil runout)

Dimensional features of outer ring

Outside diameter
measured in a
single plane

D =Nominal outside
diameter
Ds=Ds-D =
Deviation of single
outside diameter
from nominal
dimension
a =Measured
distance

Deviation of outer ring
width
Ves =Cs max — Cs min =
\Variation of outer ring
width (axil runout)

o

Outside diameters
measured in
multiple planes
VDmp :Dmp max Dmp

min

Variation of mean
outside diameter
in various radial
planes

a =Measured
distance

Track radius

- (R)

Ball diameter
(Dw)

Fig. 3 Raceway curvature
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3. Roundness measurement methods

For roundness measurement is required a reference.
The roundness is usually assessed by measuring the
radial deviation relative to a reference axis. This axis
remains fixed and becomes the reference for all
measurements. This requires a very precise rotary table
to appreciate properly the deviations of measured parts.

According to the way to materialize the reference
axis there are several ways to measure form deviation of
circular profiles. The most popular method applied to
measure circularity is:

V-block measurement method (three points method)

The part is placed on a V-block and is rotated
manually while the workpiece surface is in contact with
the probe of an indicator. The pieces should be rotated
carefully to keep the contact with V-block (in two
points) and with the probe of the indicator. This
measurement method is very simple but has its
limitations. Results may vary according to the angle of
the V-block, spacing and phase of profile irregularities.

The obtained results may not accurately reflect how
the part will function nay not provide useful information
for correction the manufacturing process. This method
is only suitable for regular odd lobed profiles.

Fig.4 Three points method for the outer diameters
measurement: 1. Comparison measurement instrument,
2. Measured part 3. Guiding element for ensuring
measuring direction, 4. Fixed supports

Measurement method with rotary table

The method consists in positioning, centering, and
leveling the piece on a rotary table and measuring the
radial deviation relative to the axis of the table. Rotation
table is supported on precise air bearings, oil bearings or
rolling bearings. This universal method is used for small
and medium parts. There are however limits related to
the capacity of rotary table loading and centering
precision.

Fig. 5 Measurement équipment with rotating table

Measurement method with rotating probe

Another option for circular profiles measurement is
to keep the part fixed while rotating the probe. This
method is used in particular for large parts. This type of
measurement systems tend to become more accurate
due to continuous and constant loading of the work
table, allowing better error correction.

In both measuring methods, with rotary table as well
with rotary stylus, the rotary moving element must
describe a "perfect” circle, taken as a reference.

The method with rotating stylus has some
advantages [4]: the rotating shaft carries a relatively
light and constant weight; there are no limitations of
weight and shape of the piece (asymmetrical
construction being allowed) because the part is placed
on a fixed and stiff table; tracing an arc with fixed
length can be better controlled with switches than in the
case of the rotary table equipment.

The main disadvantages of this measurement
method are: sizes of the pieces are limited by probe
adjustment range; it is more difficult to position the
probe in the grooves.

(1
0

Fig. 6 Measurement equipment with rotating stylus

Analysis and interpretation of data is a complex
process which often requires dedicated software for
separation the deviations of concentricity between part
and reference axis on one hand and shape deviations on
the other had.
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4. The reference elements, in relation to which is
evaluated roundness

To assess the roundness, must be defined the
reference element. Four reference figures are
internationally accepted for roundness measurement.
They are:

1. Least squares circle (LSC)

2. Minimum radial zone circles (MZC);
3. Minimum circumscribed circle (MCC);
4. Maximum inscribed circle (MIC).

The most commonly used as a reference is the circle
of least squares (LSC). It is defined as a line or circle
where the sum of areas placed inside and outside is
equal and kept to minimum separation. Roundness is
then expressed as the maximum deviation from the
LSC.

Minimum radial zone circle (MZC) is defined as
two concentric circles positioned to enclose the
measured profile such that their radial departure is a
minimum. The roundness value is given by the radial
departure between the two circles.

The minimum circumscribed circle (MCC) is
defined like the smallest circle that totally encloses the
profile. Out of roundness is the largest deviation of the
profile from this circle.

Maximum inscribed circle (MIC) is the largest
circle that is totally encloses by the profile. Out of
roundness is given by maximum radial deviation away
this reference circle. Sometimes it refers to the reference
circle of the plug gauge.

It is important to understand that using different
reference circles for the same profile are obtained
different results. This is not always evident, especially
in the case of round parts.

5. Filters

To enable the operator to separate the desired from
the undesired forms is necessary to use filters. The
filters separate the different harmonic of the achieved
profile. Circularity filters attenuate any undulation over
a selected number allowing visibility of the desired
component. Internationally accepted filters are: 1 - 15
u.p.r.,1-50u.p.r,1-150 u.p.r., 1 -500 u.p.r. (U.p.r. =
undulations per revolution). Reducing the number of
undulations per revolution, are eliminated from diagram
the peaks and valleys display with selected frequency.
There are two types of filters: Gaussian and 2CR.

2CR filter (ISO 2CR) is an electronic filter used by
early measuring instruments. It contains two capacitors
and two resistors (hence the name 2CR). ISO 2CR
removed first two cut-offs from analyzed profile. This
filter is steel accepted still accepted and recognized by
international standards despite the fact that it suffer
from phase distortion caused by the nature of their
electronic components. To minimize this effect, there
was developed another type of filter called a 2CR PC
filter. This filter removes first and last cut-off. This type
of filter suffers from less distortion than the 2CR but is

still an electronic filter and, thus, still suffers from some
distortion.

Modern instruments use phase correct filters, such
as the Gaussian filter. Gaussian filter is a
mathematically filter. These types of filters drastically
reduce filter distortion, although they can only be
implemented where filtering is done by mathematical
algorithms: computer based processing. A property of
this filter is its ability to account for the data obtained -
equally - before and after the actual position of the
probe when is calculated the average line. The value
cut-off (UPR) is determined by the width of the
Gaussian distribution curve. The effect from the
selected filter is 50% of the maximum bandwidth.
Gaussian filter removes half of the first cut-off of the
analyzed profile and half of the last cut-off. [6]

6. Presentation of own solution

The constructive solution presented in this article
is designed to measure the inner and outer diameters of
the bearing rings. The fixing System allows precision
rotating and centering of bearing rings. The part rotates
and measurement system captures data from points on
the outer or inner surfaces in the same horizontal plane.
The measurement system can be moved vertically for
measurement of circular profiles into different planes.
Can be made measurements in as many plans.

The measurement system presented in figure 7
consists in:

- Specialized software TopGage for data acquisition;

- Transducer type TESA 03230200, equipped with

USB interface (1) (it ensures the same precision in

any place where is adjusted the zero position);

- Modular system manufactured by Horst-Witte (2);

- Positioning system on X, Y, Z axes, manufactured

by Newport company (3);

- Computing system (4);

- Measuring bearing ring (5).

The Characteristics of the roundness measurement
system by measuring the radius variation:

- The revolution axis of the measured part must be
aligned with the reference (rotation) axes of the
equipment; part revolution axis must be parallel to the
rotation axis to avoid errors that occur due to the tilt;

- The measurement direction shall be concurrent and
perpendicular to the rotation axis;

- Between the stylus and the part there is relative
rotational movement;

- To facilitate interpretation of results, by reducing the
influence of roughness, are used digital or electronic
filters (generally low pass filters);

- The speed of the probe must ensure the necessary
response time and it should not favor the loss of contact
with the workpiece surface.

The measurement process consists in continuously
scanning of workpiece profile, measurement of radius
deviations in polar coordinates and comparison of the
actual profile with a reference circular profile.
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Fig.7 Hardware and software configuration of bearing rings system

Depending on the kinematics of the measurement
system, there are two possibilities of measurement:

- Part is fixed and the transducer and probe are
rotated around the reference axis;

- Part rotates and transducer and probe are
maintained fixed.

The element with rotating movement must describe
a "perfect” circle, taken as a reference. These devices
use very sensitive transducers for measuring the
roundness.

Distance between the axis of rotation and the contact
point on the workpiece surface is considered to
represent the instantaneous radius of the contact surface.
Variation of the circumferential radius, determine the
deviation from a perfect circle.

By its own design, the equipment shown in the
above figures do not measure the nominal value of the
radius, but only variation of the radial profile in a cross
section of the workpiece relative to a perfect circle.
Intelligent metering systems may determine also the
radius / diameter of the circular profile.

Positioning the workpiece on the V blocks is using
the gravitational force, measurement mass having an
inclination of 20 °. This has the advantage of easily
placing the piece in measurement position.

7. Experimental results

TopGage specialized software is versatile, being
able to satisfy both quality control tasks and statistical
processes evolution, easily configurable and it can work
with a wide range of measuring instruments such as
multi-parametric measuring devices with inductive or
pneumatic transducers. [11]

In figure 8 is shown the windows for adding the part.
In figure 9 is presented the window for setting the
measurement instrument and in figure 10 is presented
the window for setting the interface of the measurement
probe.

Reper 4
Fapes M. cobe l Me. ¢l Feper Curent
E Masiia 22 1 1]

Adaiipa I
Copiaza
Slange
< x> Cancel J
Fig. 8 Adding the part

M 1 -instrument de masura- X
Instrumentul | Port comunic ~ Instrument curent
W5 pler TESH COM 6

. Adauga
¢ Comparator TES& COM 1
|
i MicraHite TESA COM 1 %
% EasyBo MARPOSS UsB COM
SERML ~ . . — —— s v
>

Fig.9. Adding the measurement instrument

M 1 -instrument de masura- x
Instr_umentul Port comunic # Instrument curent
S sl TESA COM &
. Adauga
¢ Comparator TESA COmM 1
'& MicraHite TESA, COM 1 %
éEasyBox MARPOSS UsE COM
SERML ~ . a —— —— s v
: >
Fig.10 Setting the instrument interface - TESA USB
PROBE

The resulting data from measurements are
interpreted considering the limits of tolerances with the
possibility of sorting the parts in precision classes.
When performing a measurement there is the possibility
of introducing comments about events that may occur
during processing (tool wear, corrections etc.).
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All this data, together with information on the
person who made the measurement, date, time, are
recorded in a document that constitutes measurement
report. The program works under Windows operating
system. Data acquisition from measurement instruments
is done through standard interfaces: RS232 or USB.
[11] [12].

According figure 11 the nominal value of the
measured diameter is 36 mm. The measured values can
be listed in a table such as in Figure 12. The measured
values out of tolerance limits are marked with red and
yellow color (figure 13). The measured data can be
exported in xls format (figure 14).

The data in the measurement report are interpreted
statistically and displayed in charts, putting into
evidence parameters as X-R (Fig. 14), X-S (Fig. 15),
Cp, limit control, with which the process can be
analyzed and kept under control in order to obtain
maximum stability.

The data in the measurement report are interpreted
statistically and displayed in charts, putting into
evidence parameters as X-R (Fig. 14), X-S (Fig. 15),
Cp, limit control, with which the process can be
analyzed and kept under control in order to obtain
maximum stability.

M1 =
Derurite masuratosre CE
Tip masuataars [Diametis |
Formula de calcul
[36+T1 [Emer |
[ rr. senzori=1

.>| |(. [¥ Cota exterioara 36 Waloarea nominala
H__,| I~ Cotainterioara +0.3 Toleranta max
# = 0.3 Toleranta min

Ok Cancel

Fig.11 Introducing the nominal value of the dimension,
the maximum and minimum tolerance an calculating
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8. Conclusions

When the range of products manufactured is very
diverse, a more effective solution is the modular
measurement  systems. The control (inspection)
equipments and devices with standard elements, with
one or more measuring stations have a higher degree of
universality and can be used for inter operational or
final control, statistical control or for sorting parts in
accuracy classes.

The evolution of multi-parametric  control
(inspection) equipment and devices was influenced by
productivity growth and measurement accuracy
increasing as a result of increasing manufacturing
precision.

The main requirements of manufacturers refer to:
conditions relating to productivity, autonomy in
unsupervised operation, the degree of automation in
measurement operations and decision on product quality
(framing all measured parameters in tolerance limits and
prescribed conditions).

Among the advantages of using installations and
devices formed from standard elements may be listed:

- Qualitative improvement construction;

- Simultaneous checking of several parameters with the
possibility of aggregation of results, thereby
substantially decreasing time control compared to
conventional control methods;

- Reduce the duration and cost of design and
execution;

- Type the possibility of reuse elements in new
combinations.

- The concept of "modularity" has emerged as a
necessity to increase the flexibility of equipment.
Modern modular systems combine the flexibility of a
general device with the speed and accuracy of dedicated
solutions.

- Are known several modular elements made of
standardized functional and dimensional wider
application in mechanical engineering, but they do not
cover all situations specific control.

- Modular control, especially electronic ones, are
intended to control more than two variables, simple
form + A and / or + B, AB or differential -A + B, A+ B
or additive -A -B and control functions for these
deviations from the geometric shape or positionAmong
the advantages of using installations and devices formed
from standard elements may be listed:

- Qualitative improvement construction;

- Simultaneous checking of several parameters with the
possibility of aggregation of results, thereby
substantially decreasing time control compared to
conventional control methods;

- Reduce the duration and cost of design and
execution;

- Type the possibility of reuse elements in new
combinations.

- The concept of "modularity" has emerged as a
necessity to increase the flexibility of equipment.
Modern modular systems combine the flexibility of a

general device with the speed and accuracy of dedicated
solutions.

- Are known several modular elements made of
standardized  functional and dimensional  wider
application in mechanical engineering, but they do not
cover all situations specific control.

- Modular control, especially electronic ones, are
intended to control more than two variables, simple
form + A and / or + B, AB or differential -A + B, A+ B
or additive -A -B and control functions for these
deviations from the geometric shape or positionAmong
the advantages of using installations and devices formed
from standard elements may be listed:

- Qualitative improvement construction;

- Simultaneous checking of several parameters with the
possibility of aggregation of results, thereby
substantially decreasing time control compared to
conventional control methods;

- Reduce the duration and cost of design and
execution;

- Type the possibility of reuse elements in new
combinations.

- The concept of "modularity" has emerged as a
necessity to increase the flexibility of equipment.
Modern modular systems combine the flexibility of a
general device with the speed and accuracy of dedicated
solutions.

- Are known several modular elements made of
standardized functional and dimensional wider
application in mechanical engineering, but they do not
cover all situations specific control.

- Modular control, especially electronic ones, are
intended to control more than two variables, simple
form + A and / or £ B, AB or differential -A + B, A+ B
or additive -A -B and control functions for these
deviations from the geometric shape or positionPartea
superioara a machetei

Among the advantages of using equipment and devices
with modular architecture, containing standard elements
may be listed:

- improving the quality of the construction;

- simultaneous checking of several parameters,
decreasing considerably control time compared to
conventional control methods;

- reducing the duration and cost for design and
execution;

- increasing equipment flexibility by rapid
reconfiguring modular construction; modern
modular systems combine the flexibility of a
general device with the speed and accuracy of
dedicated solutions.

Are known several modular elements made of
functional and dimensional standardized wider
application in machine building, but they do not cover
all specific control cases.

Modular control systems, especially electronic ones,
are designed to control more than two variables, simple
form + A and / or + B, differential A-B or A + B,
additive A+B or - A - B as well as other functions with
these for form and position deviation measurement.
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The use of the modular electronic configurations for
measuring and taking decisions on part quality, offers
the possibility of complex functions for calculation and
correlation. They are characterized by versatility, high
speed response, high speed for measuring and decision
making, large possibility for automation and
informational centralization of decision, remote control,
etc.
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Abstract - As the reform of optometry teaching gets thorough and developed, the educational technology
based on computer technology has played an important role in optometry teaching. The application of
three-dimensional simulation in conventional retinoscopy has great significance for improving teaching
quality, stimulating learning interest and realizing teaching interaction. This paper analyzed the
development, design and realization principle of teaching model of retinoscopy based on three-
dimensional simulation together with its application in retinoscopy and suggested that the method was
direct and vivid, had strong stereoscopic impression and optimized the teaching of key and difficult

points.

Keywords: three-dimensional simulation; retinoscopy; teaching; optometry.

1. Introduction

This article aims to integrate the full control of the
Three-dimensional  simulation is a multimedia
technology of generating a virtual environment with
multiple sensations such as visual sense, auditory sense,
tactile sense and gustation etc by applying computer
technology. This technology allows people to interact
with the entity in the virtual environment and it has been
widely applied in military, medical science, architecture
and entertainment etc [1-3]. Three-dimensional
simulation with the vivid visual virtual reality
technology has attracted extensive attention in medical
education meanwhile provides a new development
platform for the education and teaching of optometry
[4].

Our optometry is a medical specialty of modern
science and technology which combines conventional
optometry and ophthalmology organically [5]. Eye is
the work object of this specialty and vision the work
objective which is to say the goal of the work is to
improve eyesight and visual function; light is the most
important method of the work and treatment, the light
refers to optics instruments, optics medicine, laser,
chemicals and operation etc [6]. Due to the peculiarity
of the specialty design, the development of the subject
depends on the interaction and infusion of many
subjects including foundation medicine, clinical
medicine, physical optics, geometrical optics,
ophthalmic optics, materials science, instrumental
science, ophthalmology and vision science etc, which
make optometry difficult to teach well or learn well.
Optometry technique is a highly practical and applied
specialty, which demands proficient practical skills and
problem solving ability besides the necessary basic

theory knowledge. Hence, during the cultivation,
importance should be attached to the training of
practical ability and the acquisition of vocational
experiences and skills.

Retinoscopy is a most applied, most practical and
most accurate objective optometry [7]. All the time, the
teaching of retinoscopy is performed by the teacher
observing with naked eyes through optical lenses and
then dictating the results to the students. There was no
way for direct comparison between optometry results of
the teacher and the students, meanwhile the images and
video could not be recorded. Students could only
comprehend the teacher’s result subjectively; the
student’s mistake of the optometry results could not be
pointed out, which affected the effect of retinoscopy
teaching. Even the application of multimedia
information such as images, flash and video didn’t work
well. One of the solutions to the problems mentioned
above is applying three-dimensional simulation. The
teaching and research office of optometry of our
hospital applied three-dimensional simulation into the
radioscopy teaching for the first time, which had great
significance for improving teaching quality, stimulating
learning interest and realizing teaching interaction.

2. Technological realization of teaching model of
retinoscopy based on three-dimensional simulation

2.1 Pre-phase analysis

Pre-phase analysis is the basis of the realization of
the teaching model and the analysis of the teaching
materials and parsing of model and flash. Our model
analysis included the spatial structure of eyeball, the
composition of skiascope and flash parsing which was
composed by optical principle of skiascopy, image
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motion under different refraction conditions and the
relation between image motion and refraction condition.

2.2 Model making

The foremost task of three-dimensional simulation is
to present experimental phenomenon faithfully and the
accurate virtual model provides students the real three-
dimensional feelings [8]. The model which mainly
included eyeball, roles and skiascope was made by
using Maya2014 software. Eyeball making: (1) firstly,
lead in clinical eyeball vertical plane and striograph of
cross section for reference and build Nurbus eyeball
model combining eyeball dissection data. (2) Then shift
into the level of model editing and perform precise
adjustment. (3) At last, create virtual environmental
light and apply different material for different tissue
according to retinoscopy knowledge of ophthalmology.
For example, we made cornea and crystalline lens with
transparent materials and adjust relevant refraction and
reflection coefficient to simulate the effect of real eyes.
The character role model and ophthalmoscope were
built applying polygon modeling.

2.3 The application of texture and map
Divide the model when the eyeball model is done,
and make UV map for sclera, iris and retina

respectively. We drew the maps referring to clinical
photos and applying Photoshop CS6.0 software. The
maps were drawn and applied to relevant model in
three-dimensional software and then the UV distribution
was arranged to resemble the clinical performance. The
maps application of character role was the same as
above.

2.4 Flash and render output

The flash was made using Maya2014 software.
Firstly, light (light from skiascope) was needed besides
environmental light and the light source was moved to
position which made it look like light given out from
skiascope; adjust the light margin, distance and
attenuation etc to make it more real. What’s more
important is the knowledge of retinoscopy principle is
mainly about the performance of light which made light
fog effect needed when we render the flash. The light
fog made the light path more visible and the
presentation of optical principle more direct, for
example it expresses as smooth motion when the far
point of the light reflected by retina rests behind the
skiascope and it expresses as reverse motion when the
far point rests between tested eye and skiascope, as
shown in figure 1.

Figure 1 (in figure A, the far point rest behind ophthalmoscope; in figure B, far point rest before ophthalmoscope)

As the image motion of retina reflective strip is hard
to be realized faithfully during skiascopy, we set a
simulative reflective strip behind the pupil and

meanwhile adjust the light ray of skiascope to stripped
light so as to simulate the real condition, as shown in
figure 2.

Figure 2 (image motion in A shows as smooth motion; image motion in B shows as reverse motion)

When analyzing the images, we should
comprehensively consider the image motion speed,
luminance and light band width to reach the correct
conclusion [9]. Though the speed of smooth move and

reverse motion should be the same, the patient’s pupil
was filled with light during inverse motion and light
band appeared when it was smooth motion. Thus, the
shadow motion speed of smooth motion was thought
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faster than reverse motion. Flash made applying three-
dimensional simulation reflects those features vividly
and benefits optometry teaching.

3. Teaching application effects

3.1 Direct and vivid teaching effect

At present, multiple media network interactive
teaching based on three-dimensional simulation gets the
teaching process lively and vivid with innovation,
configuration of content, high teaching efficiency and
has become an important teaching method which
applied in medical education. Conventional retinoscopy
theory teaching focuses on the analysis of optical
principle and light path graph [10]. Teacher could only
dictate the skiascopy images of the experimental lesson
to the students while demonstration using synchronous
flash was not accessible. Similarly, the student’s
skiascopy results could only be checked by another
experiment. Optometry retinoscopy teaching applying
the flash developed through three-dimensional
simulation technology improves the teaching with real-
time and dynamic skiascopy video. These methods
syncs the expression of images, flash health card and
literal data, and demonstrates abstract teaching contents
which is barely described literally with synchronous
flash [11]. We applied this method in the teaching and
training of undergraduates admitted in 2010 and 2011.
With synchronous expression of literal data, this method
enabled the students to receive the knowledge directly
and profoundly and provided a platform for the students
to combine perceptual and conceptual knowledge
together. Meanwhile, the students could better
understand the basic principle of retinoscopy, eyeball
refraction structure and operating points of skiascopy
etc. The interest was stimulated to the best and study
enthusiasm and initiative aroused.

3.2 Optimization of the teaching of the key and
difficult points

Multimedia teaching combined with three-
dimensional simulation applying network resource
focuses on the student and transforms the central
position of the teacher. It attracts the students with
lively and vivid graphics and text information and
arouses study interests, encourage the students to learn
and explore positively. Conventional optometry
retinoscopy teaching can not describe the complex
image motion feature clearly or method of image
motion feature interpretation [12], while the
development and application of model and flash above
can vividly explain the abstract theory of retinoscopy
teaching and the changing process of multiple dynamic
conditions,  especially  peculiar  conception  of
retinoscopy such as “neutralization judgment”, opened
image moving and “shear effect” etc [13,14]. The
demonstration applying three-dimensional simulation
and combining with images, characters, audio and flash
can directly and clearly explain the key and difficult
points, elevate the students’ cognition from abstract
conception to the perceptual level, which helps them

with the comprehending and handling of the key and
difficult points.

4, Conclusions

In a word, during the teaching of optometry
retinoscopy theory, we should make full use of three-
dimensional simulation model and the development and
application of flash along with physical advantage of
conventional teaching. Body language such as sound,
gesture and expressions along with tidy and beautiful
blackboard-writing activates classroom climate. The
method guides students think positively and initiatively
meanwhile trains their study skills. Optometry
retinoscopy teaching based on three-dimensional
simulation prevails in directness, vivid, strong
stereoscopic impression and optimization of key and
difficult points teaching. With the development of
computer science, the medical inspection equipment
renews continuously and the digitized transformation of
medical equipment has become a tendency of modern
medical development. Sufficient and reasonable
application of new technology assisting medical
teaching will promote the thorough teaching reform of
each medical subject and accelerates the renewal of
conception and methods of conventional teaching.
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Abstract - Industrial process automation typically involves high costs for design and maintenance.
Changes and modifications in the system throughout its life cycle are significant. PLC programmable
controller is a digital computer used for automation of industrial processes. Using PLC requires less
electrical design and more software design and implementation. The paper shows the main steps in
making conceptual model for equipment dedicated to gear pumps testing. It analyzes the relationship
between the costs of the automation system’s configuration effort and software involved.

Keywords: Gear pump automation, PLC (programmable logic controller), debugger, PC computer vs

PLC  equipment

1. Introduction

The main purpose of PLC automation is replacing
old cabinets containing relays , switches, mechanical
timers and sequencers . Digital input signals processed
by PLC are generated by push buttons, sensors and
transducers, smart cameras and others. PLCs generate
digital output signals who can operate electric motors,
pneumatic, hydraulic, magnetic relays , indicator and
warning light signals and other. PLC may include
analog signal processing modules (pressure, temperature
etc. ) for closed-loop control systems .

The operating principle of a PLC consists of three
sequential processes which run permanently:

e read input data from the hardware physical devices

e proceed with the software logic which is

embedded in the PLC program memory

e update internal data and send output values to

output devices accordingly

In order to get overall accurate results, automation
systems made with PLC are real-time systems, as output
values must be delivered within a well-defined time
period.

PLC incorporate physical communication ports,
usually RS485. Their architecture can also embed other
various communication modules to accomplish data
communication protocols.

2. Summary of activities

The first phase is planning and configuration. A
project containing hardware configuration and user
interface device will be created. Also, input and output
signals will be defined.

A simple system may use buttons and signaling
lamps for user interaction, but usually automation
system are using a Human Machine Interface HMI
device. That kind of device provides an easy and

intuitive interaction with the system for configuration,
alarm reporting, message archiving, logs and routine
control procedures of process automation. Another
possible option is using a PC computer as operator
panel. These two methods will be detailed below.

It will also determine the floor plan of the according
to beneficiary demands.

The second phase is software implementing and
testing. Automation state machines, logic software as
well as data visualization functions, messages, state will
be implemented and tested. Offline testing program will
be carried out using simulation software.

The third phase is commissioning. At the very
beginning, diagnosis pattern tests will be operated by
the PLC itself. PLC status is shown by colored LEDs in
a green-yellow-red manner. In case of Diagnostics
software modules will show up the details of the errors.
If everything works correctly, software modules will be
tested using the integrated debugger.

The fourth phase is current operation and
maintenance. Software tools provided by Siemens
SIMATIC can remotely monitor system operation.

3. Hardware design

In terms of automation, the stand will feature two
levels:

- PLC device, using modules from Siemens S300
CPU family, comprising an operator panel, optionally,
and the following hardware modules :

-0..24 V digital inputs

-0..24 V digital outputs

-ADC channels - current and voltage

-DAC channel

-counter

-data communcation modules - RS232 , Ethernet
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PC computer

It will be used for data storage, operating diagrams
and programming environments.

Optionally, the computer can be used as operator
panel PLC.

The stand for measuring the pump’s pumps will
contain the following main elements:

-an electrical engine of 20 kW .

Operation will be done at two speeds , 1500 rpm and
3000 rpm . Ensuring these rotational speeds can be done
either by switching relays or by equipping the engine
with a servo equipment. Either the relay or the servo
controller will be connected to the PLC. In manual
operating mode, the engine can be turned on/off using
buttons START-STOP.

- A proportional valve which acts as an oil pressure
regulator. Pressure range will be about 0-350 Bar.

Pressure will be set and maintained at a certain value
as described in the operating diagrams.

- Temperature, pressure, speed, flow and torsion
transducers [1] .

These transducers will be connected to the analog
input module in the PLC rack and will be used to
measure the actual values taken from the measurement
process. Special attention should be paid to speed
transducer. The size of the output is a pulse train which
must be counted somehow by a dedicated module of the
PLC.

This module must have a proper working frequency.
We can use an intelligent transducer, capable of
delivering proper counting values as data streams.

4. Software Component of the automation system

Programming Environments

PLC will be programmed with Simatic STEP7
software package [2 ] . Operator Panel will be
programmed with the software package WinCC Flexible
[3] . PC computer programming will be done using a
universal programming language, eg C ++ [4 ] .
Programming the actuator controller of the servo
equipment will be accomplished using a dedicated
software supplied by the company producing the
actuator .

Software

PLC program will implement two operator modes:
automatic and manual.

Special attention will be given to the identification
and treatment of the errors occurred during the testing
pumps process. Safety measures will be implemented ,
both for the operator and stand, using software
sequences or hardware security barriers.The operatinal
flow is depicted in Table 1

Table 1- Operational flow

Nb | PC computer

PLC equipment

1 Power on Power on
2 Display the ID of the active operating diagram
3 Operator selects the type of the mechanical part
which will be mounted on mechanical stand
4 Operator enters the ID of the part

5 Operatorul enters the ID of the operating
diagrams that will be used and send these three

data to the PLC
6 PLC software compares the local ID of the active
operating diagram with the ID of the data received
from PC. If they are noth equal, it request the PC to
send the whole operating diagram data set.
7 I fit is required, operator will send the operating
diagram’s data to the PLC.
8 Software enters WAIT state in order to obtain Waiting fron START button to be pressed.
the final values from PLC.
9 Testing as active operating diagrame states.
10 Calculus is performed. The values of volumetric ,

mechanical and total efficiency
are displayed on the operator panel and are being sent
to the PC

may be delivered

11 | The results are stored in database tables. A report

12 | Renter at step nb. 3

The Romanian Review Precision Mechanics, Optics & Mechatronics, 2016, Issue 49 63



Automation of Gear Pumps Testing using Programmable Logic Controller

5. Data structures

The set of parameters that uniquely defines a

measuring cycle is known as an operating diagram.

160

In our acception, there are two types of operating
diagrams: -testing diagrams (Fig. 1)

They involve alternating and pulsing equipment
operation.

140

120

100

&0

B0

40

20 4

04

1 3 B T a
Fig. 1 Example of Testing operating diagram

- operating diagrams used for whole range
measuring report WRMR
The engine speed is maitained constant and the
pressure is constantly increased up to an imposed limit
value.

Both operating diagrams types will be stored in tabel
form database —Table #2. The operating diagrams will
be uniquely identified by an ID. The operating diagram
must be loaded into the PLC memory before the
measuring cycle cam proceed.

Table 2- Operating diagrams’s data structure

ID Type Parameters
P1 P2 . Pn
CT1 Testing
CT2 Testing
CTn Testing

CB1 Whole range measuring report WRMR

CB2 Whole range measuring report WRMR

CBm | Whole range measuring report WRMR

Each pump type will be associated with a data set characteristics: volume , the maximum values of efficiency a.s.0. A
table containing types of existing pumps manufactured by the customer will be created -Table 3.

Table 3 — Set of pump’s types

Pump Characteristics
type
Volume Other Mechanical Volumic Total
-cm 3 efficiency nm Efficiency nv | Efficiency nt
Type 1
Type 2
Typen

A table of association between pump type and
identification for each pump will be provided- Table 4.

There will be also a table of association between
pump type and sets of possible operating diagrams-
Table5.

330

The relationship between columns is
many”’.

Type-Serial ID association Type-Operating diagram
association.

one to
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Table 4

Pump Pump Serial 1D Pump Operating diagrams
type Type Testing WRMR
Type 1l | 12345 Type 1 CT1 CB1

23456 CT2 CcB2
CT3
Type 2 | QAZ12345 Type 2 CT4 CcB3

QAZ23456 CT5 CcB4
Typen | QW12345 Typen CT 20 CB 15

Using all these normalized tables , the pump having it’s unique ID will be tested using the selected operating diagram —
Table #6. That pieces of date will be loaded into the memory of the PLC.

Table 5— Pump ID — operating diagrams associations

Pump Type of the ID of the Operating diagram parameters Pump type characteristics
Serial ID | operating PLC
diagram operating P1 P2 Pn Vol. nm | nv | nt
diagram
12345 Testing CT2
12345 WRMR CB1

A measuring report will be issued.

Possible implementation of operator panel

As mentioned above, the operator panel can be
freestanding or one may use the same PC that stores

calculated results .

operating diagrams, constant data tables and tables with

Nr. | POSSIBLE APPROACH PROS CONS
1 PLV has got it’s own | e Creating user screens,tags,alarms | The cost envolved with the operator
opearting panel and warning is easier by using a | panel
robust programming environment
WinCC Flexible
e The PLC can operate independent
of the PC when the actual diagrams
are loaded into the memory
2 PLC uses the PC computer | e Creating user screens,tags,alarms | e Changing between two software
as an operating panel and warning is easier by using a application-sending/receiving
robust programming environment data to/from PLC and operating
WinCC Flexible panel-could be annoying.
e Reducing costs
3 PLC uses the PC computer | ¢ Reducing costs
as an operating panel, but
with a custom made
software application
3.1 | PLC and PC computer are | e That piece of software has already | ¢ A RS232 hardware module must
connected using RS232 been developed. be bought for the PLC.
interface
3.2 | PLC and PC computer are | e That piece of software has already | ¢ A PROFIBUS card module must
connected using been developed,using OPC server be bought for the PC.
PROFIBUS Protocol e An OPC Server license for the
PC must be bought
3.3 | PLC and PC computer are | e That piece of software has already | ¢ A Ethernet hardware module
connected using Ethernet been developed,using either OPC must be bought for the PLC.
Protocols server or an open-source software | e Optionally
library An OPC Server license for the PC
must be bought.
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6. Results

Carrying out a test operating diagram is as follows:
the speed and pressure outputs are imposed and
maintained for a few seconds as in the operating
diagrams, then for a few seconds the pressure is zero.
The engine speed is maintained and the pressure
increases to another value. After a while, the engine
speed is increased and the alternating pressures cycle is
resumed. The output actual values are aquired all the
time for monitoring purposes. The last set of transducers
values are used for calculus.

The purpose of the test operating diagrame is delivery
of three final values , ie volumetric efficiency,
mechanical efficiency and total efficiency.

As for the other type of diagram , the actual output
values are acquired all the time, both for monitoring and
for calculation. In this way, a chart with three curves to
represent the evolution of the three rates will be
obtained.

Future works
Research and experiments will be conducted for remote
monitoring of the equipment.
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Abstract - Braided composite materials by virtue of their good mechanical properties, such as high
strength and modulus, are widely applied to the manufacture of battledores. In this study, battledores were
taken as the research objects, and finite element parametric models of two-dimensional biaxial and two-
dimensional triaxial composites battledores were constructed on the basis of ANSY'S software; moreover,
the battledore models in two kinds of braided forms were given overall mechanics analysis as well as
invalidation discrimination analysis, which provided the structural design of battledores with a
comprehensive theoretical basis. In addition, the performance prediction of the shaft of battledore was
carried out, and results showed the enforceability of finite element regional method of superposition. At
the present stage, researches on composite materials mainly focus on a representative unit cell model,
while integral components of braided composite materials are rarely studied. Therefore, the finite element
parametric modeling and numerical simulation analysis of the integral components of battledores made of
braided composite materials are particularly important.

Keywords: ANSYS; braided composite materials; battledores; parametric modeling.

1. Introduction

Composite materials refer to a material system
formed by two or more than two kinds of materials that
have different physical and chemical properties in
different structural levels through complex spatial
organization [1-2]. Such kind of materials obtains new
properties that none of the components have; besides,
strength, rigidity and other mechanical properties of
composite materials can be improved through changing
categories and proportions of the component materials
[3-4].

Braided structural composite materials are obtained
by the combination of preforms and matrix phase
materials, in which the preforms have integral structural
properties and are formed by different braiding
methods, especially the two-dimensional or three-
dimensional braiding methods. Thus braided structural
composite materials usually have different prominent
mechanical properties [5-6]. Since 1970, braided
composite materials have given full play to their
superiorities with the rapid development of weave
machinery [7]. Carbon fibers are widely used in
production of fishing poles, golf rods, complete carbon
battledores, tennis rackets, running machines and other
sports and exercise machines made with braided
composite materials, which account for about 35% of
the total application amount of carbon fibers worldwide
[8-9]. In recent years, a lot of experts and scholars in

China and abroad have carried out researches on this. In
2014, Wang WB, Cheng K and Cheng L et al. [10]
constructed a micro-structural model based on braiding
technique rules of braided composite materials; changes
of yarn packing factors and distortion of the cross-
section caused by different tightened conditions of yarns
were considered in the model. In 2015, Boukellal A,
Boumrar K and Mokdad R et al. [11] discovered the
integrity of fiber bundles in braided composite materials
as well as the intricate chiasmic structures of fibers in
space; besides, they also predicted the elasticity
modulus and shear modulus, etc., on mechanical models
constructed based on finite elements.

On the basis of method of superposition of regional
finite element, this study constructed an overall
parametric finite element model of battledores, carried
out relevant mechanical analysis as well as evaluated
the battledores from the aspects of overall equivalent
stress, strain and inherent frequency [12], which
provided a theoretical basis for overall component
design and optimizing of battledores and even other
relevant braided composite materials in the future,
instead of only relying on experience and expensive
experiments.

2. ANSYS software and finite element analysis of
braided composite materials
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2.1 Brief introduction of ANSYS software

ANSYS, as a mature kind of software of finite
element analysis, is a combination of structures and
various kinds of physical field researches, which is
mainly composed of pre-processing module, analytical
calculation module and post-processing module. The
pre-processing module is mainly responsible for setting
of properties, units and mesh densities of different
materials for construction of a finite element model of
the whole structure model; the analytical calculation
module mainly applies correct boundary conditions and
loads according to the actual stress state on the basis of
previously constructed finite element model, thus to
perform statics and dynamics solution computation; the
post-processing module is mainly responsible for final
computation results display in diagrams, isoplethic

curves or other forms, such as equivalent stress
distribution and equivalent strain distribution, etc. [13].

2.2 Finite element analytical model of braided
composite materials

Boolean operations were used in ANSYS. Real
braided composite material model could be obtained by
subtracting constructed matrix phase model using fiber
reinforcing phase model, and the finally obtained two-
phase finite element model had no crossing or
overlapping in spatial structures; moreover, special
elements were added at the junction of two-phase
model. Finally, pre-processing preparatory works were
completed by adding periodic boundary conditions in
the constructed model [14].

Start

Obtaining material
properties by analyzing
the geometric construction
and boundary conditions
of project

v

Construction of finite
element model

v

Modification
and
improvement

Loading and solving

v

Output result

Problem is solved or the
optimal design is obtained

Fig.1 Flow chart of finite element analysis

2.3 Periodic boundary conditions

Under the loading effect, the modification of
boundary surfaces of adjacent unit cells of braided
composite materials should be the same, and the
modification of any point on the surface and its
corresponding node should stay the same.

For any pair of parallel surfaces, their displacement
fields can be expressed by the following equations:
po=E X )
J

Hi :gikxkji + 4

@)

The positive signs and negative signs in above
equations refer to the positive direction and negative
direction of X axis respectively, and the combination of
above two equations generates the following equation:

it | i iy — j
Ho—a =g (X =X ) =8,AX, ®)

The realization of algorithmic processor description
language (APDL) programming requires one-to-one
correspondence of coupling nodes, and coupling
relationships of correspondent nodes are realized
through equation (3), thus to determine the periodic
boundary conditions.
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2.4 Merits and demerits of traditional modeling
method of braided composite materials

Merits: traditional modeling method of braided
composite materials can veritably simulate the spatial
structure and material property of wild phase and matrix
phase, thus the stress results and strain results obtained
by traditional method have high precision.

Demerits: (1) spatial models of fiber bundle are
entwined and two phase models are crossed and
overlapped inevitably, thus the modeling process of
traditional braiding method is time-consuming and
energy-consuming.

(2) The process of handling contract issue and non-
linear elements using ANSY'S consumes plenty of time.

(3) Due to the limitation of its model, the traditional
method can not simulate the model of the whole
prefabricated part, thus the prefabricated part can not be
mechanically analyzed or optimized.

3. Parametric modeling analysis of battledores
3.1 Size design of the battledore

Diameter, thickness and length of the shaft of
battledore were designed as 7.2 mm, 1.6 mm and 450
mm respectively, and the shaft was a hollow pole with a
circular cross section. The frame of racket was oval and
the lengths of major semi axis and minor semi-axis
were 138 mm and 108 mm respectively, while the
thickness was 14 mm and diameter of bracing wires
was 0.6 mm.

The battledore was made of carbon-epoxy
composites, in which the fiber reinforcing phase
material was M40 carbon fibers and the material of
matrix phase and bracing wires was bisphenol A epoxy
resin (details are shown in table 1).

Table 1 Material property of carbon fibers and resin matrix

Classification E1(GPa) E2(GPa) | G12(GPa) | G23(GPa) | V12 V23
Carbon fiber 391 25.57 25.57 11.94 0.21 0.24
Resin 3.62 3.62 -- -- 0.35 0.35

Fig. 2 Physical model of battledores

3.2 The finite element model of two-dimensional
triaxial braided battledores (figure 3 and figure 4)

Fig. 3 The finite element model of two-dimensional
triaxial braided battledore

Fig. 4 The matrix finite element model of the shaft of
battledore

3.3 Stress analysis of two-dimensional triaxial
braided battledores

According to the actual stress state of battledore and
on the basis of regional method of superposition, full
constraint was applied to one side of the ANSYS model
of the shaft of battledore while a vertical force was
applied to the other side. The average speed of
badminton was around 250 km/h, the quality of
badminton was about 9 g, and the time of contact of
badminton and battledore during the whole process was
only about 5/1000 s. Thus the stress of battledore hitting
the badminton can be calculated according to above data
as well as the momentum theorem. After that, an
important step which followed the construction of finite
element parametric model was the application of
regional method of superposition. The load and
constraint state of model at the moment when battledore
hits the badminton is shown in figure 5.
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Application of 300 _ _
N of vertical force Fixed constraint

applied on top

Fig. 5 Finite element model of constraint and load mode
of battledore hitting the badminton

The maximum value of the overall equivalent stress
of two-dimensional triaxial braided battledore is 155
MPa, while the maximum values of equivalent stress of
racket frame and shaft are 73 MPa and 155 MPa
respectively. Shape changes of the conjunction part can
lead to concentration of stress, which can result in
fracture of the joint part of racket frame and shaft. Fiber
bundle plays a main load-bearing role in braided
composite materials and it also plays an important role
in design of the whole battledore.

3.4 Stress analysis of two-dimensional biaxial
braided type battledores

Because the additional axial fiber of two-dimensional
triaxial braided type battledore bore a partial load, its
overall bearing capacity was obviously better than that
of two-dimensional biaxial braided type battledore. The
maximum value of equivalent stress of the frame of
racket was 117.01 Mpa, and position of the maximum
stress was at the cross of fiber and matrix. The same as
the two-dimensional triaxial braided battledore, the
overall equivalent stress value of fiber bundle of two-
dimensional biaxial braided battledore was significantly
higher than the overall equivalent stress value of matrix.
The overall stress distribution of the fiber bundle was
uniform except for the local stress concentration on the
restrained end. Considering the effect of fiber volume
ratio on design of battledore, different fiber volume
ratios were chosen for ANSYS calculation of the
battledore, and results are shown in figure 6.

180 -
180 -
170+
160
150 -

LIS

Maximum stress/Mpa

130 L 1 1 1 1 1 L
10 12.5 15 1.5 20 2.5 25 275
Fiber volume ratio %

Fig. 6 Variation curve of the maximum equivalent stress
of battledore with the change of fiber volume ratio

Figure 6 shows that, the maximum stress of
battledore decreases gradually with the increase of fiber
volume ratio. When the fiber volume ratio is small, the
equivalent stress of battledore is big; on the contrary,
when fiber volume ratio increases, the maximum
equivalent stress decreases while the application amount
of fiber materials increases gradually. However,
sometimes the hitting point is off-centered or even on
the frame, thus the stress of battledore is much more
affected under such circumstances. Four side angle
positions on the frame were selected as eccentric
positions for force test; results indicated that the
influence rules of these four positions on the whole
racket were basically the same (figure 7).

Fig. 7 Distribution of eccentric force bearing points on
the frame

3.5 Elastic property prediction of battledore shaft
(analytical model is shown in figure 8)

On the basis of regional method of superposition, full
constraint was applied to one side of the finite element
model of battledore shaft while an axial displacement
load was applied to the other side. After the calculation

. . &
using ANSYSS software, X=L, the mean strain Y and
the mean stress 5X were obtained. After that, the

. E _ )
elasticity modulus ¥, Poisson's ratio oy and shear

G . . I
modulus ~* could be obtained according to constitutive
relation and definition equation of Poisson's ratio.

Application of axial
full constraint displacement load on
on the end face the other end face

; y

Fig. 8 Elastic property prediction of battledore shaft
and constraint adding and displacement load model

Api)Iication of

During the process of finite element regional
method of superposition, the application of finite
element regional method of superposition saved plenty
of time of analysis of overall components of the
battledore; moreover, accurate results could be obtained
only with the application of sparse finite element
meshes, which also significantly reflected the
effectiveness and high efficiency of finite element
regional method of superposition. Elastic property
prediction results are shown in table 2.
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Table 2 Results of elastic property prediction
Two- Two-
dimensional dimensional
biaxial triaxial
Ex /GPa 40.37 61.77
E, /GPa 6.38 9.29
E /GPa 6.36 9.27
z
Ly 0.31 0.35
Ly 0.31 0.37
Ly, 0.92 0.96
va /| GPa 13.6 15.3
ze /GPa 13.4 15.3
sz /GPa 3.4 4.8

As shown in table 2, two-dimensional triaxial
braided battledore was a lot better than two-dimensional
biaxial braided battledore, which was because that the
additional axial fibers bore a partial load. The difference
of two kinds of battledores in weight was insignificant;
moreover, the hand feeling and overall anti-bending and
twist-resistance capacity of two-dimensional triaxial
braided battledore were also better than that of the two-
dimensional biaxial braided battledore. Therefore, two-
dimensional triaxial braided battledores are favored
more by people.

4. Dynamics analysis of battledores
4.1 Definition of modal dynamics analysis

Mode dynamics analysis is an important part of
analyzing dynamic characteristics of the whole
component as well as the extension of systematic
resolution method in the field of vibration. Mode is the
vibration characteristic of objects. Each mode has its
corresponding inherent frequency, damping ratio and
modal shape, and modal values of the above three
modes can be obtained by calculation or experimental
research. The whole process of obtaining parameters
using above methods is called modal analysis.

4.2 Theoretical basis of modal analysis

When the elastic system kinematic equation contains
restricting degree of freedom, it can be expressed using
dynamic load principle of virtual work:

Ma+Cb+Kx=F (4)

Notes: M refers to the general mass matrix of structure;
C is the total damping matrix; K is the stiffness matrix;
x is the nodal displacement array; a refers to the node
acceleration array; b is node speed array and F is null
matrix.

Because the damping of null matrix F was low, its
contribution value to the modal analysis results of the
overall component was small and the exciting force

array was not taken into consideration. Therefore the
zero damping oscillation equation is:

Ma+ Kx =0 (5)
The solution of equation (5) was:

X = X, sin(at + @) ©)

Note: @ refers to natural angular frequency of
oscillation; ¥ refers to the initial phase of oscillation.
Equation (6) was substituted into the equation (5), thus
the system of homogeneous linear equations was
2

obtained: K —@"Mx =0 7)

The following condition should be met for solution
of equation (7):

K-w’M =0 (8)
When matrix K and M were n-order matrixes, the

equation turned into a n-real coefficient equation ofa’2 ,
and the final modal analysis solving problem became
the problem of solving matrix eigenvalue @ and
feature vector x.

4.3 Finite element modal analysis results and
vibration chart

Statical analysis model was selected for finite
element model of modal analysis; statics properties
were selected for material properties, and fixed
constraint was applied to one end of the shaft (figure 9).

P f:_—.::‘;x
Wit '
( \
\ 'f)
S 7/

Fig. 9 Finite element model of the battledore

The contribution value of high order modal to
response was low and rate of decay was fast. In
common modal analysis, only low order modal was
considered, thus the first four order inherent frequency
was chosen (table 3).

Table 3 The first four order inherent frequencies and
vibration modes of two-dimensional triaxial braided

battledore

Order | Inherent Vibration mode

frequency

(Hz)
1 34 X-Z in-plane vibration
2 57 X-Y in-plane vibration
3 76 X-Z in-plane vibration
4 121 XY, X-Z in-plane

composite vibration
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5. Discussion

Firstly, theoretical methods of finite element
analysis were introduced and ANSYS software was
introduced and described in detail in this study. After
that, finite element modeling methods of traditional
braided composites were expounded to solve problems
of traditional braided composites in finite element, and
finite element regional method of superposition was
introduced. Then battledores were designed integrally,
including designs of fiber phase model and matrix phase
model and determination of overall size of the
battledore; after that, on the basis of finite element
regional method of superposition, parametric finite
element models of two-dimensional biaxial and two-
dimensional triaxial braided battledores  were
constructed [15], and two kinds of models received
statics analysis. Results showed that, the two-
dimensional triaxial braided battledore was better than
the two-dimensional biaxial battledore, which was
greatly favored by a lot of badminton amateurs [16-17].
At last, the two-dimensional biaxial battledore was
taken as the research object and its modal dynamics was
analyzed; in addition, theoretical basis and calculation
methods of modal analysis were analyzed in detail;
block Lanczos method was adopted for extraction of
inherent frequencies and vibration modes of the first
four order battledores, thus to provide design of the
structure and size of battledore with theoretical basis
[18-19].

6. Conclusions

In conclusion, we obtained the equivalent stress of
battledores using ANSYS software [20]; on the basis of
whole finite element model, elasticity moduli of two
kinds of braided composites were predicted by
mechanical analysis and elastic property parameters of
two braided forms were obtained [21-22]; on the basis
of finite element regional method of superposition, the
overall structure of the battledore received modal
analysis and the inherent frequency of the whole
battledore was obtained, which could provide a
powerful theoretical guarantee for design of more
comfortable battledores.
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Abstract - The purpose of this text is to design the three-tier architecture based on PHP to realize
enterprise recruitment management system. The recruitment system was designed and implemented
considering new features in the current recruitment work and according to the understanding of
recruitment. The advantages and disadvantages of the PHP language were analyzed, and system design
and implementation methods were discussed based on the analysis on the advantages and disadvantages
of the three-tier architecture of PHP and researches on driver models. On the basis, we choose the most
reasonable design drive way. According to the features of the current recruitment management system in
enterprise, we design and realize a recruitment management system for enterprise. According to the actual
recruitment work, the system is divided into four modules, recruitment system, talent recruitment
database system, examination database system and access control system. This study introduces functions
and function implementation of the four modules as well as functions and function implementation of
their submodules. The system can normalize and systemize recruitment process, greatly reduce working
load of workers, improve working efficacy, shorten recruitment time and lower cost spending on

recruitment work.

Keywords: Recruitment system; PHP; three-tier architecture.

1. Introduction

With the rapid development and popularization of
the Internet and personal computers, more and more job
seekers are inclined online job-seekers, while many
urban labor markets and the company’s human
resources department have also used online recruitment,
and each set up their own human resources databases,
these changes bring out great changes in the traditional
job market management and informatization work and
has taken on new characteristics. These changes also put
forward new requirements for job recruitment, making
network-based job recruitment work become necessary
means of advertisement [1-3]. As a kind of open source
software, PHP has many obvious advantages in aspect
of webpage development, such as high security, cross-
platform, supporting for a wide range of databases, fast
implementation, and many other advantages [4]. Three-
tier architecture development mode is the mature
development way of the current Internet, namely in the
program development and design, the system of the
whole business application is divided into three layers:
presentation layer, business logic layer and data access
layer. Through layer development, functions in various
levels become clear and all layers have adapted to
strong independent development, which is beneficial for
development, maintenance, deployment and expansion
of system [5]. This study simplified the process based

on theory to design and realize recruitment system in
enterprise.  We realized a system involving
establishment of recruitment requirements, examination
and approval, information release, sorting, screening,
hiring, and tracking according to recruitment process of
an enterprise. We attempt to set up a recruitment system
that meet personalized needs of internal recruitment,
and recruiting process in enterprise, thus to realize
office automation in enterprise. Moreover, the influence
scope of recruitment information was expanded through
the large online intermediary platforms and school
forums and information of recruiters were collected.
Then we screened recruiters as well as arranged written
examination, interview and admission work. After the
recruitment, we tracked and analyzed the candidates,
including the current job and work within half a year
and one year of recruiters. Moreover, talent analysis
database was built to analyze these data, aiming to
provide data references and recommendations for future
recruitment.

2. Overview of PHP

PHP as a kind of open source software has many
obvious advantages in Web page development [4].

(1) High safety: PHP belongs to open source software,
that is to say, PHP core architecture and the source code
is open to the public and programmer can view all of
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source file content through the corresponding software
compile tools. As the utilization rate of Apache server
software is very high, most of the developed PHP
software or web sites are used with the Apache service.
Programs or software complied by PHP can run on most
platforms in the world. Therefore, flexibility and safety
of combined use of them has been confirmed by users.
(2) Cross-platform: PHP support almost all of the
operating system platforms (such as Win32 or
UNIX/Linux/Macintosh/FreeBSD/OS2, etc.), as well as
Apache, IIS and various Web server.

(3) Support for a wide range of databases: PHP can be
compiled into a function connected to many database
and can manipulate a variety of mainstream and non-
mainstream database, such as MySQL, Access, SQL
Server, Oracle, DB2, etc.

(4) Fast exertion: procedure code compiled using PHP is
characterized by high operation efficiency and less data
utilization, thus it operates fast.

(5) Easy to learn: the writing of PHP code is similar to
HTML, elements on the page is composed of HTML.
Page elements composing of HTML are embedded with
code. At the same time, JS script language is used to do
interactive operation. It is easy to learn as long as there
is the basis of HTML code.

(6) Low cost: in the enterprise application scheme based
on PHP, the use of the related tools and deployment
environment is free, saving a lot of unnecessary
spending for the enterprise.

(7) Template: separate application logic and user
interface.

(8) Stable and rapid performance: embedded Zend
acceleration engines.

(9) Support object-oriented: object orientation is the
most popular and common development way of today’s
software development and PHP also provides a good
support for it, such as creating a class or class libraries
and closing up public partially. Using object-oriented
idea for PHP application development will play a very
important  significance role in the application
architecture design.

To sum up, PHP, a small and medium sized
application system characterized by easy to learn,
multiple development tools, fast development cycles
and highly portable, is suitable for low-cost and short-
development and construction period medium and small
application system [6-8].

3. The whole system module design

System design is another important stage in the
information development process. In this phase, we will
design the new system according to logic analysis
results in the last stage and based on requirement of
logic model. System architecture design is the design of
specific physical models. The main goal of this phase is
to change system logic programming that reflects the
information needs of users into something that can be
implemented by computer-based physical scheme, and

provide the necessary technical information for the next
phase of the system.

This system uses the structured design method to
realize the system’s overall function, improve each
indicators of the system, reasonable divided whole
system into each function module, correctly process
relationships between modules, relationships inside
modules as well as the invocation relationship and data
link, define the internal structure of each module, and
achieve the function of the whole system through design
of module and correlation between modules. Figure 1 is
overall function module structure of system.

# Recruit module settings

Recruitment S - i |
| management creening applying personnel

j Talent classification management

n | | Talent || Talent dail ;
Company’s HR management alent daily managemen
management systems | |

Test ﬂ

[ ] management

Test manag-ement

4 Papers manag-ement

— Rights

ﬂ Roles and permissi-ons manage-ment
management |

J Talent comprehensive management ‘

<‘ User management

Fig.1 Overall function module structure of the system
4. System design and implementation in detail
4.1 Database connection configuration

Operating and managing database composing
recruitment information is very important. It can be
regarded as the foundation of recruitment management
system in enterprise. Realization of the other functions
is built on these bases. In this system, in order to make
configuration of database connection, we put the
database creation connecting process in a separate
header file (web. config), hence it is easy to realize the
information sharing between databases. In addition,
ADO.NET technology applied in the system operates
conveniently, only concise sentences are enough. For
example, in Web config file, we only need to create a
ConnectionStrings object responsible for the connection
to the system database. Only the following connection
parameters are needed to complete the operation.

1. DSN: data source.
2. UID: user name to access the database.
3. PWD: UID and the corresponding password.

The system also uses the MYSQL database
connection. When using this connection method, we
should first add a data source named job in the MYSQL
Control Panel of the system (the corresponding user
name is “jj”, password is “123456). Afterwards, we
can access to database through three parameters.
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Features: database connection management.
Code is as follows:

A
<0

set
corm=Server,CreateObject("ADODB.Connection")

conn.open "dsn=jobsuid=jj;pwd=123"

In other pages of the system, we can access to database
using connection object by adding statements of the
head of the page (--##include file="corm/Web.Config "-
__>)_

4.2 Detailed design and implementation of system
login

Any management personnel in the business module
of system management before operation are required by
system validation. Login function will initialize system
management pages according to corresponding
counterpart of different landers, i.e.,, hide the
unprivileged operation functions and display the
relevant operational menu items. This system adopts the
safe way to log in. Login box appears once user enters
the website. The next step is to fill user name and
password and then click on the login button. Back-stage
management page will come up after the information is
verified. If login authentication failed, the
corresponding error message will come up. The
following shows the flow chart of function
implementation.

Key code:

4.3 Detailed design and implementation of
recruitment management module

Recruitment management module design is mainly
divided into two levels, level 1 for classification and
level 2 for template option under specific classification.
This data structure design is reasonable in data business
operations and the front desk page display. Moreover,
the display is clear and offers good experience for users.
The difficult point of this module lies in how to traverse
template options which display based on two-level
classification. Here two circular list controls will be
used. One is as a container displaying all level 1
category in system and the other one is applied to
display template item under that category. Circular list
of level 1 category is traversed first. Then all items
chosen by user under circular list of the level 1 category
is acquired and temporarily stored in complex. It

continues until the last list of level 1 category is
traversed. Here are the function key codes:
Key codes:

try

{ // Select list box, get the selected item ArrayList
list=new ArrayList()

for (int j=0j<rptOption.Items.Count; j++)

{ CheckBoxList
ckIRight=(CheckBoxList)rptOption.Items[j]
.FindControl("cklOption"): ckIRight.Enabled=true;
for (int x=0; x<cklIRight.Items.Count; x++)

]
Ll

if (ckIRight.Items|x].Selected=true)

{ list. Add(ckIRight.Items [x]. Value): } }} }
catch (CMMException cmmex)

{ // Business exceptions, picture processing

SPUtils. CMMErrorTeardown(cmmex, 1 blError,
imgError); }

catch (Exception ex)

{ // System exceptions, common exception handling

SPUtils.ErrorTeardown(Session, Response, ex); |

The release of recruitment information and the
reception of resumes from interviewees are the premises
for realizing talent screening. The first step of logic
process of talent screening is to select out talents whose
conditions conform to the position description and test
them with written examination. Then a certain
proportion of talents who participate in written
examination were selected out for interview. Finally
talent who is suitable for the position can be confirmed.
In the process of implementation, the operations are not
complex.

Following code is the key to realize the function:
Key codes:

The release of recruitment information and the
reception of resumes from interviewees are the premises
for realizing talent screening. The first step of logic
process of talent screening is to select out talents whose
conditions conform to the position description and test
them with written examination. Then a certain
proportion of talents who participate in written
examination were selected out for interview. Finally
talent who is suitable for the position can be confirmed.
In the process of implementation, the operations are not
complex.
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Following code is the key to realize the function:
Key codes:

Protected void btnDelete Click(object sender,
ImageClickEventArgs €)

itry
]

1
CMMLog.BeginMethod(MethodBase.GetCurrentM
ethod());

int row=((GridViewRow)((ImageButton)sender)
.NamingContainer).RowIndex;

int InfolD=(int)this.gvwB SMGO0301.DataKeys
[row] . Value;

DABBstRoleinfo bean=new DABBstRoleinfo();
bean.InfolD=InfolD:

BLLB SMGO0301.DeleteInfo(bean);

HGridView rebingding
this.gvwBSMGO0301.DataBindQ;
CMMLog.EndMethod(MethodB ase.

GetCurrentMethodQ); }

catch (CMMException cmmex)

{ // Business exceptions, picture processing
SPUtils.CMMZErrorTeardown(cmmex, I blError,
imgError):}

catch (Exception ex)

{ /' System exceptions, common exception

handling SPUtils.ErrorTeardown(Session,
Response, ex); |}

4.4 Detailed design and implementation of talent
management module

Talent management module design is mainly divided
into  personnel information management, daily
management, and integrated query.

Personnel information management is an indispensable
part of recruitment system. Recruitment system’s main
function is to provide the talented person for enterprise.
This function module is used to manage talent
information in enterprise. As a result, talent information
has multiple attributes such as basic information,
opinion, the current position, and so on.  There are a
lot of properties under each large point, leading to large
information amount. In addition, there are two main
sources of talent information in the system. One way is
the direct delivery of applicant into talent database,
which should be reviewed by relevant department of
and the other way to input by relevant staff.

Following is the function implementation key code:

Key code:

if (e.File.FileName!=""")

{ string path=@"~"+SPConstants. UPLOAD_
PICTURE__ DIRECTORY; // Randomly generated
file names

string
Folder=DateTime,Now, ToString("yyyyMM");
File names are generated according to the date

string
newlmgName=DateTime.Now.ToString("yyyyMM
ddhhmmssffff') ~e.File.FileName;

string
SavePath=HttpContext.Current.Server.MapPath(pat
h + Folder): // Gets the absolute path

if (!Directory.Exists(SavePath))// Determine if
the path exists, if it does not exist,created it §
Directory.CreateDirectory(S avePath); } // Upload
pictures

)

e.File.SaveAs(SavePath +7/"+newlmgName);
Save the file }
Talent management means managing and
maintaining the current state of talents based on basic
talent information. Taking the recruitment of talents as
an example, this section explained the implementation
of the function. The first step is to enter the page of
talents list which demonstrates all talents information
page by page. After entering into the page, users can
select check box in fron of every record according to
demand. After selection, users can enter into relevant
business operation page by right clicking operation
button on the right corner of the list and fill in and save
information. Following is the key code to realize this
feature:
Key codes:

// Pop up talent selection box

function ShowUploadPic(){ var
selectinfo=ShowModulePage

("../ShowPage/
SELECTEDInfo.aspx?selectType=1

&rmd="+Math.randomQ, "500", "300","talent
select");

// receive the returned talents information
Function ReceiveParams()

// Hide frame information
HidModulePageQ:;

// Update page control value

document.getElementByld("<%=btnRefresh.Clientl
D %=").cfick():

L
)
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Due to years of accumulation, the amount of
information will increase; hence how users find the
needed talent information in such a large amount of
information is also an important problem. Therefore,
personnel information query function is set up to
facilitate the user to find talent information which they
need among massive information. The implementation
process is as follows. First, information input or selected
by users in query page is acquired. Then the information
is combined in system page background. After that, the
information is transmitted to pre-defined talent
comprehensive query and storage process as parameters.

Then the information set is returned back to the page
to fill data source of list control of the page. Finally, the
list will demonstrate talent information page by page.
The Following is the key core for the implementation of
the function.

Key codes:

(@ Pagelndex int, -- What page. the first page is 1;
(@PageSize int, -- Page size;

(@ TotalCount int OUTPUT, -- Total number
output parameters;

DECLARE (@ StartRowNum int;
DECLARE @EndRowNum int;

SET (@StartRowNum=((@Pagelndex-
1Y*@PageSize+1;

SET @EndRowNum=(@PageIndex*(@PageSize;
SELECT

(@TotalCount =COUNT (1)

FROM tableName

WITH Temp AS

( SELECT TOP ( @ PageSize* )@ Pagelndex)
ID, ROW_ NUMBER() OVER (ORDER BY ID
DESC) AS RowNum

FROM tableName )
SELECT s

FROM Temp AST

INNER JOIN tableName tb ON T.Ild=tb.Id

WHERE T.RowNum BETWEEN (@StartRowNum
AND

(@ EndRowNum

ORDER BY RowNum

45 Detailed design and implementation of
examination database management module

Examination database management module design is
mainly divided test question information management
and test paper information management.

As the basis of test, the test information management is
also very important. At present, the system mainly
provides three type question categories, multiple-choice
question, single-choice question and essay question. The
three categories are the most common in the perspective
of the question category in current test. So in the
process of adding questions, the first thing is to select
question category, because only after question category
is chosen can the system display test question items and
answer elements. Elements showed in page are different
according to different question category. Next is
question categorization. Corresponding management
module in value system of the field will be responsible
for it. The classification system will fill based on
categories that have been added into the database. The
last step is to fill the basic information of the question
such as category, title and answer.

Test information management module is mainly used
for written examinations during recruitment and internal
performance assessment. Before written examination,
recruiters can generate a set of test paper according to
the position and print it out. The difficult point during
the generation of test paper is the selection of test
questions. Currently, the system provides two kinds of
test question selection means. One is to randomly
extract test questions using the system and the other is
adding test questions by staffs. A test question selection
page which demonstrates information of all test
questions will come up and then operators only need to
test questions they needed. But as it is a cross-page
operation, how to send the selected test question
information to the generation page is the key of the
implementation of the function.

4.6 Detailed design and implementation of
permission management module

Rights management module is divided into the
following two main points: roles and permissions
management, user management.

Roles and permissions management is considered
playing a crucial role in ensuring the security of the
whole system. Target system realizes the function by
connecting right, role and user together. That means,
right is not directly corresponding to user; a role is
added between them. Role connects user and right.
Right function can be implemented in this way.
Moreover, the flexibility is large, which is beneficial for
expansion of right demand afterwards.

User management refers to managing system
operators. The settlement of role, i.e., the settlement of
permission is the most important. Here the settlement of
permission is realized by role. Role connects permission
and moreover user connects role; as a result, user
indirectly connects permission.

Using such a mechanism, the maintenance of user
information becomes simple. When adding or maintain
user information, we only need to select the role which
is added in the system in advanced.
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5. Conclusion

This study analyzes the technology used and
advantages and disadvantages of programming
language, servers and database, explores PHP three-tier
structure in detail, discusses over several development
patterns and compares their advantages and
disadvantages. Based on the above, we make a design
research on systematic structure, data mode and right
model.

After the basic research work and design work are
over, we implement and verify the system. Procedures
of recruitment are verified in detail. Finally, advantages
and disadvantages of the system are compared and
analyzed. Then various functions of the recruitment
system are prospected.

Recruitment as the main source of human resources
in enterprise, directly affects the quality of employees
and development potential. An excellent staff will play
an important role for development of enterprise. A good
recruitment system also will play a good role in
screening excellent talent. Besides recruitment system, a
set of good evaluation system and employee incentive
mechanism is also needed to full play the employee’s
supervisor initiative and create greater value for
enterprise. At the same time a good set of personnel
flow statistical analysis and staff growth plan is also
essential. Timely knowing the staff flow and
understanding employee’s demand can ensure the
loyalty of staff to enterprise. Human resource structure
composing of good recruitment system, outstanding job
evaluation systems, sensitive staff flow analysis and
potential employee growth plan can ensure rapid and
high-efficient development of enterprise on the basis of
stable operation.

Meanwhile, it can improve competiveness of
enterprise and enhance development potential of
enterprise. Thus, a good recruitment and human
resource management system can not only reduce
recruitment costs and increase efficiency in the
recruitment process but also can ensure stable operation
and constant development of enterprise.
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Abstract - Traditional machine translation algorithm faces difficulties such as low efficiency and low
accuracy caused by complex grammar and multiple rules of English noun phrase. In order to improve
identification accuracy of English noun phrase, a kind of noun phrase identification method based on
rough set was proposed. Rough set method regarded identification of English noun phrase as a decision
problem. We used rough set theory to simplify attributes and optimize rules for English noun phrase, and
finally identified it. Then a stimulation experiment was carried out on English noun phrase sample on
Wall Street Journal (WSJ) using rough set theory. The result of stimulation demonstrated that, the
accuracy of noun phrase that was improved by rough set was higher than that of other translation
methods; therefore, it is an effective machine identification method for English noun phrase, providing a

basis for practical design.

Keywords: Noun phrase; machine translation; rough set; Wall Street Journal.

1. Introduction

With the constant deepening of reform and opening
and foreign cooperation in China, international tourism,
cultural exchange and business contacts become more
and more frequent. However, language difference brings
great inconvenience. Machine translation is an
automatic translation that can translate texts from one
natural language to another natural one using computer
under the condition of meaning equivalence. Hence,
machine translation is a new approach for solve
communication  barrier  [1-3].  Noun  phrase
identification, a key technology in machine translation,
is the basis of syntactic analysis and its identification
effect directly affects the accuracy.

Rough set, a kind of machine learning method
developed in recent years, has the functions of induction
and decision. It can not only simplify properties and
data of knowledge system and acquire decision rules
from decision table, but also classify derived decision
rules [4-5]. It is widely applied in various identification
and classification fields since it is well suited for
English noun phrase identification. In view of this, this
study proposed a kind of English noun phrase

identification method based on rough set, in order to
solve the low accuracy of identification of the current
English noun phrase identification method. This method
is to learn decision rules of English noun phrase by
rough set and obtain identification results. Results of
stimulation experiment demonstrated that, this method
improved the accuracy of identification for English
noun phrase.

2. Principle of english noun phrase identification

English noun phrase is the important constituent unit
of English sentence, and meanwhile, is the unit of
information transmission during speech communication.
English noun phrase identification is one of the main
research content in machine translation. Its purpose is to
identify non-recursive noun phrase without post-
modifier. Its input is English text that is labeled by
participle, and the output is English text that have been
identified and whose phrase have been labeled. The
principle of English noun phrase identification usually
is shown in figure 1.

Participle tagging text of
English basic noun

English basic noun
phrase identification
algorithm

Tagging text of English
basic noun phrase

Fig. 1 The principle of English noun phrase identification
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Suppose B as English noun phrase, | as internal part of
noun phrase, and O as other situation. In this way, the
identification of English noun phrase can be expressed
in the form of {B, I, O}, we have:

y=f{B, I, O} (1)

It can be known from formula (1) that, the
identification of English noun phrase actually involved
decision rules. The current identification methods for
English noun phrase are not able to obtain satisfactory
results since those methods have no function of decision
rule analysis. Rough set is a kind of new-type method
with the function of decision rule learning and is well
suited for noun phrase identification; therefore, this
study attempted to identify English noun phrase by
rough set.

3. Design of english noun phrase identification
algorithm

3.1 Reduction of noun phrase property

Definition 1: an English noun phrase decision
system S was defined as a tetrad.

f(x): UxR—->V 2)
R=pu{d} (3)
S={U,R,V, f} (4)

Where f(x) refers to information function acquired
from training corpus, U stands for the set composed of
every punctuation and vocabulary from the English
noun corpus to be identified, R stands for attribute set, p
stands for noun phrase tagging and part of speech
tagging of context within certain range of the current
vocabulary, d stands for noun phrase tagging of the
current vocabulary, and V stands for union set of noun
tagging set and part of speech tagging of context.

Definition 2: for an English noun phrase decision

making system, attribute subset Bthad an

indiscernible relation.

ND(B) ={(x, y)|(x, ¥) €U?, b e B(b(x) =b(y))}

8;(x;)

()

. X
Definition 3: refers to the value of ~ ! of the

sample to be identified on attribute ai. Then
discernibility matrix of English noun phrase decision
system S could be expressed as:

C, :UxU - p(R) ©

Definition 4: suppose U as a domain of discourse, P
and Q as two equivalence relation clusters on U.

it POSe(Q=POS,y(Q) o ¢ was regarded

an attribute that could be omitted by Q in P; otherwise,
r was regarded an attribute that could not be obligated
by Q in P, that was, it could not be omitted.

If every r in P was an attribute that could not be
omitted by Q in P, then P was regarded as an
independent attribute of Q. For independent subset S of

Q in P, if POS; (Q) = POS, (Q), then S was
regarded an attribute reduction of Q in P. All attribute

. . RED, (P

reductions of Q in P were expressed as Q( ).
Therefore, all original relationship clusters that could
not be omitted by Q in P were termed as Q cores of P,

and denoted by CORE, (P) .

Procedures of simplifying attributes of English noun
phrase using rough set were as follows: discernibility

matrix Co of decision table of English noun phrase
decision making system was calculated; to
CORE, (P) _ _
, core logical expression  was:

Leore = @,6CORE, (p)a %
discernibility matrix Co that omitted core was
calculated:

c - Co(i,J)  CD(i, f)nCOREQ(P) = ¢

®lo otherwise ®)
disjunction logical expression ' was set up for all
nonempty set elements in discernibility matrix Co , that

L=V (C;=0,C; =4)
was: a<Cy 9)
conjunction calculation was carried out on all

disjunction logical expression " and Leore that were
set up, and then a conjunction normal form was

L=( AN Lij)/\LCORE
acquired, that was C1j#0.C1;%0 (10)
the acquired conjunction normal was converted form L

into disjunctive normal form L' , that was:

L’ :V L
i (11)

finally English noun phrase attribute reduction result
were output.

3.2 Set up decision making rules of noun phrase

The generation process of decision rules of English
noun phase based on rough set was as follows: T was
obtained through selecting an attribute reduction result
from attribute reduction table according to attribute

reduction algorithm of rough set; then rule set T' was
obtained through reducing attribute value and the
detailed process was: value core of the rules was
calculated and the rules were merged with the same
value core; all rules were tested, and if the decision
making rules composed by value core of the rules were
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the same, then the rule remained unchanged; otherwise,
a non value-core attribute was generated based on value
core of the rule. Minimum rule set of English noun
phrase was generated, and a minimum rule set that
covered the whole information system was obtained,;
finally the optimal rule set of English noun phrase were
output.

3.3 Tagging of English noun phrase

English noun phrase is described by using square
brackets of “O+C”, that is, inserting “[” to express the
staring of an English noun phrase and “]” to express the
end of an English noun phrase. Tagging of English noun
phrase goes on based on the decision making rules that
have been generated and the context characteristics of
the current words, therefore, English noun phrase, in
nature, is to select a best matching rule from the
decision making rule set established above, and to
tagging based on decision making attribute value. The
detailed procedures for tagging a noun were as follows:
the first step was to confirm condition attribute value of
noun phrase, i.e., obtain part-of-speech tagging
information of context from English noun phrase
training corpus and select noun phrase tagging

information from the results that have been tagged; then
the candidate rule set was screened and the condition
attribute of all rules in decision making rule set was
matched with the noun phrase to be identified; rules
with the least amount of inconsistent attributes were
selected to make up candidate rule set; next the optimal
matching rule was confirmed by classifying all the rules
in candidate rule set based on decision making attribute
value and selecting the first rule among the category
sets with the largest number of rules.

3.4 Process of English noun phrase identification

A tagged noun was acquired through identifying
English noun phrase samples by the tagging rule
generated by rough set algorithm. This study adopted
IOB tagging symbol sequence to obtain single word;
however, an English noun phrase may be composed of
one or more words. Therefore, IOB tagging symbol
sequence should be converted into English noun phrase
sequence. That conversion process was realized by a
state transition recognizer and then the identification
was carried out. Flow of English noun phrase
identification algorithm is shown in figure 2.

English basic noun phrase
identification sample

I

Parameter setting of rough set

]

Attribute reduction of noun phrase

3

Generate decision making rule set

Obtain optimal rule?

English basic noun phrase tagging

1

English basic noun phrase identification

output identification results of basic noun phrase

Fig. 2 Flow of English noun phrase identification
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3.5 Evaluation standard of English noun phrase
identification results

In order to better evaluate various identification
methods for English noun phrase, this study adopted
precision rate and recall rate as the evaluation standards
for English noun phrase identification algorithm. The
detailed definition was as follows:

Precision rate = (number of right noun phrases that
have been identified / number of noun phrase that have
been identified) * 100 % (12)

Recall rate= (number of right noun phrases that have
been identified / number of all noun phrases in the
text)*100%)

4, Stimulation experiment
4.1 Stimulation data set

Data of the stimulation experiment came from Wall
Street Journal (WSJ) corpus. WSJ corpus is the most
authoritative English corpus for English phrase
identification. It not only contains a large amount of
texts with tagged part of speech, but also contains many
tagged phrases and syntactic structure [6-9]. Training
corpus samples came from the section 15-18 of the WSJ
corpus. The test samples come from the section 20-22 of
WSJ corpus. Hardware environment of the stimulation
experiment is CPU 2.5MHz dual-core, 2Gbyte internal
storage, and Windows XP operating system. The
procedure is compiled under VB environment.

4.2 ldentification results and analysis
First, the optimal English noun phrase identification

model was obtained through training English noun
phrase training set by rough set algorithm.

Then the model was adopted to identify English
noun phrase test sample. The identification results are
shown in table 1. From table 1, it was found that, the
identification results obtained by English noun phrase
identification algorithm were satisfactory and precision
and recall rate were both above 90%. It illustrated that,
the method proposed by this study could identify
English noun phrase effectively.

Table 1. Comparison of identification precision rates of
various algorithms

Test Precision Recall
corpus rate / % rate / %
Section 20 93.84 93.53
Section 21 92.81 93.88
Section 22 92.77 92.97

4.3 Comparison with the performance of other
identification methods

Advantages and disadvantages of rough set
algorithm and other English noun phrase identification
algorithms including Endong algorithm, Brill algorithm,
TKS algorithm, TBL algorithm, Bayesian network
algorithm and HMM algorithm are compared.
Identification precision rates of all algorithms are shown
in table 2 while recall rates of all algorithms are shown
in table 3. From table 2 and 3, it could be known that
the experimental results of the rough set algorithm
proposed by this study were the best.

It indicated rough set was a kind of effective and
accurate noun phrase identification method, and was
quite suitable for solving some problems in natural
language processing field.

Table 2 Comparison of identification precision rates of various algorithms

Test corpus Brill Endong TKS Bayesian network HMM Rough set
algorithm | algorithm algorithm algorithm algorithm algorithm
Section 20/% 73.91 74.93 82.25 85.76 92.67 93.84
Section 21/% 73.22 74.14 81.38 84.85 91.69 92.81
Section 22/% 73.13 74.15 81.30 84.77 91.60 92.77
Table 3 Comparison of recall rates of various algorithms
Test corpus Brill Endong TKS Bayesian network HMM Rough set
algorithm algorithm algorithm algorithm algorithm | algorithm
Section 20/% 73.57 74.61 82.98 85.48 92.37 93.53
Section 21/% 73.93 74.94 81.26 84.77 93.68 93.88
Section 22 73.35 74.24 81.74 84.92 91.79 92.97
1%

5. Conclusion

English noun phrase identification problem existing
in machine translation research is the basis and key
point of machine translation. Based on the discussion on
the problems of the current English noun phrase

identification algorithm, this study designed an English
noun phrase identification method based on rough set
theory according to the characteristics of English noun
phrase. This method first discovered decision making
rules in training samples, then optimized learning rule in
the perspective of the whole system, and finally
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identified English noun phrase. Stimulation and
comparison experiments suggest that the English noun
phrase identification method proposed by this study is
an effective method with high efficiency and recall rate;
therefore, it is quite suitable for solving various natural
language processing problems such as noun phrase
identification, speech tagging and shallow analysis.
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EXPRESSION OF SERIAL ROBOT MANIPULATORS BASED ON

SPACE AND STRUCTURE PARAMETERS

Zhijun Wu
Faculty of Mechanical and Electronic Engineering of West Anhui University, Liu'an, Anhui, 237012, China,
E-mail: wuzhijun230@sina.com

Abstract - Characterized by compact structure, large workspace and good flexibility, the series robots are
widely used in the aided process of manufacturing. Based on the principle of centralized process, the
bearing rings are made by means of lathe work by biaxial computer numerical control (CNC) machine
tools. However, there were concerns about the difficulty in applying the biaxial synchronous docking
technology and the high expense on equipments. The study was aimed at a research on the mechanism
design and optimization of a kind of special clamping manipulator, which could replace the existing
biaxial docking process. Firstly, the study analyzed the turning processing craft of bearing rings dual-axis
CNC machine tools and proposed the function and performance design requirements of clamping
manipulators. Secondly, forward kinematics models of clamping manipulators were established based on
the D-H method. Thirdly, there was a detailed analysis of the main cross-sectional shape of clamping
manipulator’s workspace based on graphic method; furthermore, we analyzed the capacity of clamping
manipulators to contain cuboids. On this account, an overall analysis was given about the influence that
the space and structure parameters had on the serial robot manipulators.

Keywords: Series robot; Structure parameter; Kinematics analysis; The clamping manipulator;

Workspace, analysis.

1. Introduction

Characterized by compact structure, large
workspace, good flexibility, and good adaptability, the
serial robots are widely used in the aided process of
machining [1]. However, mechanism configuration [2]
directly determines the performance of the robots (such
as flexibility, positioning accuracy, the form of
workspace and inverse kinematic), therefore, reasonable
mechanism configuration is necessary in designing the
robots; otherwise the robots cannot qualify for
application. Kinematic analysis [3] is the precondition
for the robot trajectory planning and the basis for real-
time control, thus it has been a hot issue to search for a
fast and accurate solution. Workspace is an important
indicator to measure the performance of robots. On
researching the workspace of prosthetic industrial
robots, most scholars define the cross-sectional shape of
workspace under the given geometric parameters,
without analyzing the universality of the cross-sectional
shape [4].

After the robot configuration is confirmed, robot
geometric parameters need to be determined according
to certain design constraints or optimal targets (such as
workspace, kinematic and dynamics performance
index), so that input parameter can be provided for
structure design.

Quite a few scholars did research on the optimal
design of geometrical parameters of prosthetic industrial
robots, with workspace as optimal targets [5-7], and
geometric constraint in the space was simplified into
plane geometry constraint. In this study, we did research
and probed into the influence that space and structure
parameters had on the performance of serial robot
manipulators.

2. The configuration scheme of the clamping
manipulators produced by bearing rings biaxial
cnc machine tools

An analysis of the design requirements of clamping
manipulators.

On condition that the processing route of biaxial NC
machine turning bearing rings remained the same, the
research presented the clamping operation of the
dynamic (not stop) cutting on the spindle end and static
(stop) loading on the deputy spindle end, which could
replace the non-stop synchronous docking process
between the spindle and the deputy spindle so as to
reduce the equipment cost and improve the processing
efficiency. The total function model diagram of the
clamping manipulator is shown in Fig. 1.
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Fig.1. The total function model diagram of the clamping manipulator

Dynamic cutting on the spindle end: 1)before pipe
cutting, the clamping manipulators reach the specific
location on the spindle end in specified pose and wait;
2) After pipe cutting, the bearing grippers of clamping
manipulators catch the semifinished bearing rings; 3)
The clamping manipulators adjust the pose so that the
semifinished bearing rings will be positioned by the
bearing grippers on the end face; 4) The bearing
grippers clamp the outer diameters of the semifinished
bearing rings to finish positioning and clamping.

Static loading on the deputy spindle end: 1) the
clamping manipulators move to specified stage in
appointed pose; 2) The bearing grippers disengage, and
the semifinished bearing rings are positioned and
clamped on the stage; 3) The clamping manipulators are
adjusted in specified pose; 4) The bearing grippers catch
the semifinished bearing rings from the opposite
direction and finish positioning on the end face. 5) The
bearing grippers clamp the outer diameters of the
semifinished bearing rings to finish positioning and
clamping; 6) The clamping manipulators move to
specific location on the spindle end and the semifinished
bearing rings are positioned on the deputy spindle end;
7) After the deputy spindle fixture clamps the bearing
rings, the bearing grippers disengage; 8) The clamping
manipulators disengage into specified location and wait
for the pipe cutting signal.

Function  module
manipulators

Two main functions of clamping manipulators are
gripping and pose changing [8]. However, the clamping
manipulator S can be decomposed into two function
modules — gripping function module S1 and pose
changing function module S2 (Fig. 2), both of which are
equipped with their own executive system and sensor
testing system. The clamping process is completed by
information processing and information exchange under
control system.

The gripping function module S1 — bearing
gripper, takes a role in catching semifinished bearing
rings as well as positioning and clamping; The pose
changing function module S2 — clamping manipulator,
is capable of adjusting the pose of the bearing gripper.

decomposition of  clamping

The clamping
manipulator S

The gripping The pose changing
function module function module
S1 S2

Fig.2. The function modules of clamping manipulators

Configuration scheme of the clamping manipulators

The rigid objects have six degrees of freedom(
DOF), which mean the translation along three
coordinate directions and rotation around three
coordinates; correspondingly, the universal industrial
serial robots (hereinafter referred to as robots) have six
DOF that allow the robots to achieve any pose[9].

The DOF of dedicated robots need to be determined
according to specified requirements. The axisymmetric
structure of bearing rings only calls for five DOF to
describe the spatial pose (description of the rotation
around the axis is unnecessary). Correspondingly, the
clamping manipulator has five DOF, three of which are
aimed at adjusting the spatial location of the terminal,
and another two DOF can adjust the spatial pose of the
terminal.

Industrial robots have two kinds of joints: prismatic
joint P and revolute joint R. There are three kinds of
relations between the joint axes (Fig. 3): vertical L,
parallel //, crossed x. Vertical includes perpendicularly
intersectant (plane relation) and disjointedly vertical
(spatial relation); crossed includes intersectant (plane
relation) and disjointedly crossed (spatial relation);
parallel includes collinear, but there is no collinear
between the joints of the same kind, otherwise there is
no practical application value. In the form of inverse
kinematic, the robots with six DOF are typically
characterized by multiple vertical or parallel joint axes;
from the perspective of the parts processing and
assembly, the robots are obviously superior at
manufacturability when the joint axes are vertical or
parallel. Therefore, the joint axes of industrial robots are
vertical or parallel.
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Fig.3. Three kinds of relations between the joint axes

Configuration analysis of the clamping manipulator
wrist.

With three DOF, a serial industrial robot arm is
composed of joint P and joint R. There are eight kinds
of combinations: PPP, PPR, PRP, RPP, PRR, RPR,
RRP and RRR. In each combination, there are four
kinds of relations between the joint axes: _// /I,
ML, L /[, 1 1 (_stands for joint).

Prismatic joint P cannot adjust the pose, so the
wrist joint is composed of joint R. The wrists of
universal six-DOF industrial robots are made in the
form of 3R (RRR) that helps the wrist achieve any pose
and live up to the orthogonality condition. 3R-type wrist
has three DOF, which are Roll, Pitch and Yaw around
the axis. Roll can achieve 360-degree rotary, namely,
Rolling R, while Pitch and Yaw are referred to as Bend
B.

Roll /’. <D ‘E)»Ei'l
\’ Yaw

Fig. 4. The three DOS of 3R-type wrist

&
S~

-

Due to the axisymmetric structure, it only takes two
DOF to describe the pose of the bearing; the clamping
manipulator has two corresponding DOF — Pitch and
Yaw. The wrist with two turns is called BB-type wrist.

There are two kinds of combinations (Fig.5) for BB-
type wrist of the clamping manipulator: Pitch in the
front of Yaw or Yaw in the front of Pitch. The bearing
rings are located at the end of the wrist, whose load
force is vertically downward, and the actuator of the
pitch joint needs to bear the gravity at the end.

Considering the characteristics of compact structure
and dynamics, we chose the former: Pitch in front of
Yaw.

Pitch Pitch

S "/

Yaw Yaw

Fig.5. Two kinds of combinations for BB-type wrist of
the clamping manipulator

3. Forward kinematics analysis of clamping
manipulators based on d-h method

Robot kinematics is applied to the research on the
transformation between joint space and Cartesian space,
which covers the relations between pose, velocity and
acceleration [10]. The essence of forward kinematics
(pose changing) modeling is to establish the pose
relations between the rigid connecting rods. First, pose
description method of the rigid body was necessary, and
then we established the forward kinematics model based
on this method. The detailed proof of inverse kinematics
that we left out could be accomplished based on the
forward kinematics model.

The spatial relations between the connecting rods

were described by 4 X 4 homogeneous transform
matrix, furthermore, the homogeneous transform matrix

IST of the terminal actuator coordinate system with
regard to the base coordinate system was deduced; at
last, the forward kinematics equation was established.
The basic flow of kinematics analysis based on D-H
method is shown in Fig. 6.

Establish the D-H Solve the homogeneous
Establish the coordinate .
systems of the rods: ) (Wl d T
E a~ & ~ a4~ @ between the rods: -

Y

Choose the inverse methods:

Solve the joint variable

according to forward [ . 4— | :
7 geometry, algebra, numerical O 0 ¥l

kinematics equation: - 4 :I _]T :.-T

Establish the forward
kinematics mode!

Fig.6. The basic flow of kinematics analysis based on D-H method
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First, establish the clamping
coordinate system, as is shown in Fig.7; next, establish

manipulator

D-H parameter list (as is shown in Table 1) on the basis
of the coordinate system.

04]’)(4LL =~

o *  bearing grippers

Vs

L I,

N ul B !

Fig.7 The coordinate system of clamping manipulator

The coordinate system i is fixed on the connecting
rod i, where:

1) Z; Refers to the direction (either plus or minus)
of rotating or moving axis;

2) X refers to the common perpendicular between
Joint i and Joint i+1, and the plus direction goes from
Joint i to Joint i+1;

3) Right-hand rule is the determinant factor.

Table 1. D-H parameters of clamping manipulators

! a,_, | @y 0, d, Range of
variables

1] o0 0 o, | q | 180 150°

2 | 90° L 0, 0 | -180° = 180°

310 [ 4 | g | 0 |-180°=180°

4 0 L, 0, 0 | -180°+180°

5 | -90° L 0. 0 | -180° = 180°

1) s refers to the distance measured along the X
direction fro m joint axis Z; to Zi+1;
2) @1 Refers to the rotation angle from the joint
axis Z; to Zin around Xi;
d . Z.
3) 71 Refers to the distance measured along the

direction from X to X ;

4) 2 Refers to the rotation angle from X to X

Z.
around "1 ;

5) Without considering the structural constraints, the
6 0, 0, 0 0

range of variables of "1, , 4and TS5 is (-
180°, 180°) . However, the range of variables needs to
be taken into consideration in practical engineering
application.

The transformation matrix from connecting rod i-1 to i:

cl. -s0. 0 a.
1 1 1
i seicai—l ceicai—l —sa,, —sa,_d,
T =
sOsa, . chsa, ca, ca, d.
i i-1 1 i-1 i-1 i-171
0 0 0 1

1)

sin 6 =sb =s,, cos,=cb,=c,, cos (‘91+9j ):0(61+9j ):cij

According to Table 1 and Formula (1), here is the
transformation matrix “"1T(i=1+5) between the
connecting rods

_cl91 -s6, 0 0]
_|s6, <6 0 0

T = 0 0 14
0o o0 o0 1]
_c(93 -s6, 0 Iﬁ_

iT _|s8, cH, 0 O
- 1 0
L O 1_
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_c¢94 -s6, O 13_
s6 cl 0O 0
jl—v — 4 4
0 0 1 0
L 0 1]
cld, -s6, 0 I,
s
—s0, —cz95 0 O
e 0 0 1] (y

Here is the transformation matrix of robot wrist
terminal coordinate system {N} with regard to the base
coordinate system {0}, namely, the forward kinematics
equation of manipulators:

JST = O1T21TN_I\? A3)

Substitute the transformation matrix ‘~1T'(i=1+5) and

here is the forward kinematics equation of clamping
manipulators:

4. An analysis on the workspace of clamping
manipulators

As the basis of analysis on robot dexterity, analysis
on the workspace will provide optimal target or
constraint for the optimization design of geometric
parameters and reference for track planning (to avoid the
singular form) [11]. Here is the analysis on the

workspace of clamping manipulators by graphic
method.

The workspace of prosthetic industrial robots refers
to the space formed by all the points where the wrist
reference points can reach. Because axes of general
industrial robot wrists intersect at one point, the wrist
only takes part in adjusting the pose, without couple
effects on the spatial location of terminal actuators.

Clamping manipulators are equipped with BB-type
wrists which make it impossible for the wrist axes to
intersect at one point, and couple effects will happen
when the pose adjusting on the wrists lead to position

change of terminal actuators. On condition that L4 and

[’5 live up to the structure size constraint, they are

supposed to be in their minimum values in structure
design. In the analysis on the workspace of clamping
manipulators, only the workspace determined by the first
three joints is taken into consideration, and the couple
effect caused by pose changing of the wrist is not.

The workspace of clamping manipulators is mainly
determined by the geometric and structural parameters of
the first three joints (3R), while the clamping
manipulator wrist mainly contributes to pose adjusting,
so the couple effect it has on spatial position can be put
aside. The sketch of the clamping manipulator arm is

shown in Fig. 8. The origin 04 of coordinate system {4}

at the arm joint coincides with the arm end point P. All
the points where end point P can reach form the total
workspace W (P) of the clamping manipulator.

Z

o0,X _ >
2; XG

Fig.8. Sketch of the clamping manipulator arm

6,=0

According to Fig.8, when "1 =, the coordinate of

point P in the base coordinate  system

iSP’(X, v, Z)ZI:X v Z:'T’

and the analytical

expression is:
x| | L+L, cos @,+L, cos ¢,
0

Px,y, 2y |=
z| |d+L, sing,+L sin ¢, ©
5

dl Refers to the base height that can be adjusted

according to site requirements (on condition that the
boundary and area of workspace are not affected), and
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only the position of workspace area is affected. Ll refers

to the height of Rod 1(offset of Joint ‘]1 ), which affects

the regional boundary and cross-sectional area of the

workspace; [’2 and [’3 respectively refer to the length of

the upper arm and lower arm; ¢2 refers to the swinging

angle of the upper arm with regard to the coordinate

system X0(¢2:02), and ¢2 is zero in horizontal

direction, minus clockwise and plus anti-clockwise,

¢2 ew?min’ 62 maX]; ¢3 refers to the swinging angle of

the lower arm relative to the coordinate system

X0(¢3202+03), ¢3 is zero in horizontal direction,

minus clockwise and plus anti-clockwise,
¢3 6[02 min+08 min’ 02 max +03 max ] : |ikewise’ the

coordinate of the arm end point P in the base coordinate
system {0} can be solved by means of coordinate
transformation . Here is Formula (6) based on Formula

(2):

Gl ~GSm S L1C1+[‘2C1CQ+L3C1C23

ZT | 51y ~5i5 TG L151+L25162+[’3C1C23
Sy Gy 0 d1+L252+L3523
0 0 0 1

(6)
According to Formula (6), here is the coordinate of

origin 04 (of the coordinate system {4}) in the base

coordinate system {0}:

) Le+Lec,+Lec,
P= Llsg;LzleZ-|rLL301023
+L,S,+L,S,.
1 2%2 323 (7)
6 =0
When "1 7, the results of Formula (7) and

Formula (5) are the same. Formula (7) is the analytical
expression of the points in the total workspace
W (P) of clamping manipulators.

According to graphic method, the total workspace
W (P) of clamping manipulators is characterized by
two cross sections:

1) The cross section of XOOOZO can be denoted as

the main cross section SXUZ which rotates round the axis

ZO by 01, thus the total workspace W (P) is formed.

The main cross-sectional area is referred to as the main

St S X >0

work area (4% ) in X7 when “ 07 and the main

1

work area that is formed with ~4%7 rotating around the

1
axis ZO by 91 can be denoted as W(P); the main

cross-sectional area is referred to as the vice work area

S? X <0

X7 \when 0 , and the main work area that is

2
formed with SXOZ rotating around the axis ZO by 01

2
can be denoted asW (‘D). Here is Formula (8).

ol 2
_SXOZ+S

SXOZ Yoz (8)

2) The cross section of ZO =% can be denoted as

S J =z

the vice cross section ~X0r (70 ~0), and the main cross

section SXUZ directly affects SXUY. The main cross-

1

. . Z
sectional work area 4% rotates around the axis 0 by

2

o . , .
1 and forms the vice work area ~ 49" of the vice cross

section. Here is Formula (9):

SXOV(ZO = )25;,0},(2 =% %‘S‘i’w’(z =% )

©)

5. Optimal analysis on the geometric parameters of
clamping manipulators

Analysis of the influence that rod length has on the
workspace and overturning features of clamping
manipulators
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After the mechanism configuration of robots is
confirmed, the geometrical parameters (the length of
connecting rods and rotation range of the joints) of
robots need to be determined according to the design
constraints and the optimization targets (such as
workspace, kinematic capability index and dynamic
capability index) [12]. With workspace as the optimal
target, a lot of scholars did relevant researches on the
optimized design in geometric parameters of industrial
serial robots by simplifying the space geometric
constraints into plane geometry constraints.

According to the analysis above, it’s obvious that

the main cross section SW of the clamping

manipulator’s workspace is function
L L 92m1n 02max , 93min and 93max . The values of
L

dl have no effect on the shape or size (except

the position) of the main cross section. Without
considering the constraints of mechanical structure and

L and

S0 on, 02 and 03 can achieve integer rotation. Here is
the area formula of the main cross section SXOZ of
clamping manipulator’s workspace:
Sy =t |(L+L, Y LL,~L) |=4xL L, 0
. L L
With one of "2 and "3 stable and the other
. S . . oL
one variable, 4 will vary linearly along with 2
[’3 ;if L2+L3=I is constant and LZ:LS:I/Z, the area

of the main cross section is the largest.

For the second joint JZ of industrial serial robot,

there are two kinds of structure modes: non-offset
A0y g ofset (470) S0 (=4 s

function of Ll when the main cross section 5*'02 , the

position of the vice cross section (ZO :ZO) and the range

(from elmin to elmaX) of Angle 91 are given. Operating

1
assignments are usually completed inW <P), namely, in

Z,=z

. S5
the vice cross section ~A0F( 0), therefore, an

analysis of the influence that variation of Ll has on

1
1r is more practical and beneficial. The clamping

manipulator arm joint JZ is either non-offset (1’1:0) or

offset (1’17&0), correspondingly, the area of
1
SW (Z =20 s

ﬁ(Zz)i@ﬁm%ﬁZ%ﬂ%ﬂ

xoy 0 360/ 07 72 (ll)
SulZ, Z}-%&V”mﬁr(z>f(2%2L[(Z)f( z)1}
(12)
4 l( % ) And r2( 0 ) refer to the rotational

radiuses from the intersection (of 0=% and the main

work area boundary curve) to the axisZO,

g 5z >rlz)

When Joint Jl offsets [’1, the increasing rate of the

Z =z s

0) js "aor:

area of vice cross section XW

_ S;m([q ¢O)_$m( £,=0) 9

= x100%= !
s, 510}( leo)

x100%
rl(ZO I\z,

(13)

section

The area of the wvice cross

1
S =z . . : Lo .
xor ( 0) increases linearly with 1 increasing,

however, variation of Ll also leads to the change in the

overturning feature of clamping manipulators.
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Contain cuboids in the target tasks of clamping
manipulators

The task path of robots consists of a series of space
points and space curves which can be contained by a

cuboid XPxh (length X width X height), as is shown in

Fig. 9. Apparently, there is an infinite variety of such
cuboids on condition that they conform to the containing
task path. As long as the workspace of robots contains
the cuboids, task path can be completed in accord with
the design requirements. The design of robots is the most
reasonable when a suitable contain cuboid is given.

Z+
> 2
1
! |» task path
N—T,
3IRIT -~ ~
¥ Y R 4
(@) »

Fig. 9. The contain cuboid that contains the task path of
a robot

Without considering the mechanical
constraints of clam-ping manipulator arms, hypothesize

structure

that 01, 02 and 03 can achieve integer rotation and
elminZQZmiHZQSmin:_18oo

— — _ o
elmax _92max _03max =180 ; suppose Ixbxh is the

length of the sides of the cuboid that is formed by the
clamping manipulator’s work space. According to Fig. 9,
the four vertexes 1, 2, 3 and 4 on the right side of the
cuboid are located on the outer boundary surface of the
clamping manipulator workspace, while the four vertexes

1’, 2’, 3 and 4 on the left side of the cuboid are

located inside the work space. Operating tasks are

1
usually completed inW<P), therefore, we gave an

analysis of the cuboids contained by the workspace
which is formed by the ma-in cross-sectional work area

St 6

1Y rotating by ! .

6. Coclusions

In this study, we researched on the bearing ring
biaxial CNC machine tool clamping manipulators from
the aspects of configuration design, kinematics analysis,
workspace analysis and optimal design of geometrical
parameters. Firstly, by analyzing the turning processing
craft of bearing rings biaxial CNC machine tools, we
established the total function model diagram and
function structure chart of clamping manipulators based
on clamping requirements; furthermore, we summarized
the functions and determined the function modules of
clamping manipulators as well as the functional design
requirements table. Then we established the forward
kinematics model of clamping manipulators by D-H
method; based on graphic method, we gave a detailed
analysis of the influence that the variation of joint
rotating angle range has on the workspace main cross-
sectional shape of clamping manipulators. At last, we
analyzed the capacity to contain cuboids of clamping
manipulator’s workspace. There are a few deficiencies in
the study; therefore, further improvements are needed to
consummate the structural design of serial robot
manipulators.
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Abstract - Simultaneous localization and mapping of outdoor mobile robot is a quite important research
direction of autonomous mobile robot. The calculation, especially the calculation of big data, involved in
localization and mapping using traditional robots, is severely restrained due to the physical factors such as
airborne equipment equipped by robots, which reduces data processing efficiency and increases load.
Generally, outdoor robot is localized through detecting characteristics of surrounding environment using
laser scanner, visual system and sonar; however, when robots are in non-structural environment, the
extraction of environmental characteristics will be difficult. To solve the problem, this study proposed a
new method for the localization of mobile robot based on human kinematics information, i.e., terrain
inclination characteristic. Using this method, when Global Position System (GPS) signal of robots is
relatively weak or cannot be connected, self-localization can be applied based on sensors equipped by

robots.

Keywords: Human kinematics information;
characteristic; Mobile robot.

localization; map building; terrain inclination

1. Introduction

To move based on the best rotation or translation
matrix, traditional robots need to frequently scan
surrounding environment and then match cloud point
images obtained in adjacent two times through iterative
closest point (ICP) matching algorithm. Simultaneous
localization and mapping (SLAM) based on laser
scanner becomes time-consuming because scanning and
ICP matching need to be performed on the location for
many times [1 ~ 3]

Therefore, this study proposed terrain inclination
aided 3D localization and mapping (TILAM). The
method not only can complete accurate location
estimation of robots and map building, but also can save
a lot of time [4 ~ 6]. The method integrates
simultaneous localization and mapping based on ICP
matching and terrain inclination characteristic based
localization algorithm together. When moving to a new
location, the robot will stop and do local scanning on
surrounding environment; robot terrain inclination
model can be extracted based on the obtained cloud
point images [7 ~ 9]. Then local localization of robots
can be realized according to terrain inclination
characteristic based localization algorithm. When the
mobile robot moves to another position on the path,
local cloud point images will be scanned again; the
location of robots and maps will be updated by
matching cloud point images obtained in two times of
scanning.

As to the traditional localization method, ICP
matching based localization and mapping proceed
simultaneously. Hence two times of continuous

scanning is needed; and the second scanning aims at
estimating the location of scanning point through track
estimation. When robots are in outdoor, track estimation
may be biased due to the non-structural environment,
which can lower the accuracy of ICP matching [10 ~
12]. However, as human kinematics information based
SLAM estimates the location of mobile robots by using
terrain inclination characteristic based localization
algorithm, relatively accurate estimation of initial
position can be obtained in the second scanning; what is
more, the spacing between two times of scanning is
enlarged to reduce the times of scanning and matching.

2. Three dimensional point cloud based terrain
fuzzy classification

In hypsographic maps, when local grid elevation
difference of an area is larger than threshold, then the
area can be determined as passable. When road surface
is so uneven that there is no way to go through, it is
necessary to make a terrain classification on three-
dimensional point cloud more precisely and carefully.
Currently, the extensively used point cloud
classification method is supervised learning based
outdoor scene point cloud classification method;
however, the labeling of samples and procedures of
training involved in the method are complicated and
time-consuming, the selection of samples has a great
impact on the effect of classification and its universality
in different outdoor environments is poor. Hence, this
study proposed a kind of fuzzy point cloud classification
method which was applicable to different kinds of
outdoor environment.
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Using that method, robots can fulfill trafficability
related outdoor terrain classification based on scene
surface characteristic extraction, fuzzy reasoning and
maximum entropy principle, which makes up the
insufficient expression of hypsographic map on
complicated environment. Redetermining hypsographic
map based on the results of fuzzy terrain classification
can figure out passable routes from uneven road surface.

Surface curvature and normal vector are two local
geometrical characteristics which are frequently used,;
however they have poor expression effects in
complicated outdoor environment. Currently, the
classification of natural scene terrain based on
distinctive characteristics has been extensively applied.
Such kind of characteristic captures local spatial
distribution of data point, but it ignores the fact that
point cloud usually distributes on the surface of scene
terrain. This study optimized the expression of scene
through environmental surface feature (ESF) according
to surface conditions and characteristics of outdoor
environment. Three aspects of data point, i.e., the
possibility of being ground data point, roughness of
local surface and the angle between local surface normal
vector and vertical direction were estimated based on
the characteristic.

Previous research results suggest that, natural
scene can be regarded as the combination of fuzzy
structures and terrain structure can be explained as the
continuum of land surface changes. Considering that the
structure of objects in natural scene has no clear
attribute determination, the classification of natural
scene based on fuzzy logic is quite suitable.

Therefore, this study put forward a kind of fuzzy
inference system (FIS) which integrated ESF using
semantic rule to complete the expression of uncertainty
of object structure in natural scene. Fuzzy membership
vector is the output expression means of feature fusion
system. As a high-level feature, the vector can be used
to express the internal fuzziness of object structure in
natural scene. The membership distribution of mode
space of data point is evaluated by fuzzy entropy; the
category of data point is determined based on maximum
value of fuzzy entropy of local area.

ESF extraction

During the acquisition of outdoor scene data based
on three-dimensional point cloud, the probability of
ground point can be obtained through calculating the
density of points in certain area below every data point.
Filter used in taper area distinguishes ground point
through determining whether the number of points in
taper area below some data point is larger than some
threshold. This study improved the method. First, two-
dimensional rasterization segmentation was performed
on point clouds. Then data points which belonged to the
same grid Gij as Pi was assumed as gij. Bi was used to
describe point set from gij which distributes below Pi.
The calculation of the probability of Pi as ground point
based on feature descriptor Fg is as follows.

min(card(B,),n

& )

p

Fg(pi)=1_

In the formula,

Pi :(pix’ Piv> piz),gi :(gijx’gijv’gijz)’

B, = {gij EGij‘gijZ<piZ —5}, and 7=1(p,<0) or

= >
7=0.5( Pi = 0) . The function of margin constant €
is to prevent the interference of adjacent data points
(e.g. € =0.01m); np stands for normalizing factor (e.g.

>
np = 6). P, 20 suggests the elevation of Pi in vertical
direction is larger than the origin of laser scanning, and
at that moment, the probability of Pi being ground point

<0

is smaller than the probability when Pz . Index 7
is used to realize non-linear compensation.

In laser scanning plane, neighborhood points in a
fixed number were selected as support points of Pi.
Three maximum feature values of covariance matrix of
support points were A1, A2 and A3 (A1 > A2 > A3) and

- - -

. n
the corresponding feature vectors were n, : N2 and' .

Feature descriptor F can estimate the roughness of
local surface and feature descriptor F, can estimate the

angle between normal vector and vertical direction, and
the calculation of the two is as follows:

Fo=N2 v R)

F, = arccos(|n,- [0011)

3)
3. The separation of point cloud

Inference and analysis of point cloud separation
algorithm.

The basic principles of pseudo scanning line
filtering algorithm based on slope [14 ~16] are as
follows. For each scanning line, for any two adjacent
points Pi-1 and Pi, dzi and Si stand for the differences of
slope and elevation between Pi-1 and Pi. If dzi and Si
were smaller than threshold Limit_dz and Limit _S,
then Pi was regarded as the ground point; otherwise, Pi
was regarded as the non-ground feature point [13].
Classification function is shown below.

. 0 dz,<<Limit _dz, S,<Limit_S

Points(P) = {1 |
else )

Where 0 indicates the point is a ground point and 1
indicates the point is a non-ground point.

When acquiring  surrounding  environmental
information, three-dimensional laser scanner scans line
by line and stores information according to scanning
order.
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Therefore, adjacent points stored in data space
stand for adjacent points in actual ground surface. The
selection of adjacent point in cloud point separation
algorithm is shown in figure 1.

B(x!’.yl’zi)/.
U4

(T Yir:20)

Fig.1. The selection of adjacent point

As to points on scanning lines, &; |,z and &; g,
were used to label ground point and non-ground point
from left to right and from right to left respectively. At
the beginning, laser points were processed from left to
right along scanning lines. Besides, the first point on
scanning lines was assumed as ground point, labeled
asd, | ,r- The differences of elevation and slope
between P1 and P2 were calculated. If the differences of
elevation and slope both satisfied the given threshold,
then P2 was considered as the ground point and
moreover @, s =0. If it did not conform to the
threshold, then it was considered as non-ground point
and @, .,z =1.Then P2 and P3 were compared. The
method was performed until all points on scanning lines
were traversed. To ensure the completeness and
accuracy of traversal, all points needed to be traversed
again along scanning lines, and the result was labeled
as @, p, - The results were processed after two times of
traversal. Only when the two results &; |,z and & o,
are ground points can Pi finally be confirmed as ground
point. If any of the results was non-ground point, then Pi
was confirmed as the non-ground point. Classification
function is shown as follows.

0 &, r+8 ey =0
Points(P) = {1 i Lior T & RoL
(5)

Different scanning systems have different scanning
and storage means. To make the filtering algorithm
which is similar to one-dimensional bi-directional
labeling method more universal, the whole scanning
point cloud was considered as being composed by many
rows of data, every row of data was regarded as one
group of pseudo scanning lines, and they were
processed by the above filtering separation algorithm.
But the initial points were all regarded as ground points.

Though the result was determined using two times
of filtering, the accuracy of determination of initial
points still could not been ensured because the

else

Points(P) = {O

determination might be biased. To effectively solve the
problem, the algorithm needed improvement. First, all
points on every pseudo scanning line could be traversed
to find out the lowest point and determine whether it
was the super-low point. If it was, then it was
abandoned; otherwise, it was considered as the ground
point.  Usually, super-low  points  distribute
independently and are discontinuous with elevation
values of ordinary values; therefore they could be
filtered. Whether one point is the super-low point could
be determined based on the difference of elevation of
the point and the other two points on the left and right
side respectively. If the difference exceeded the given
threshold, then the point was determined as the super-
low point; otherwise, it was determined as a normal
point on scanning lines. Then filtering was performed
on differences of slope and elevation on left and right
sides according to the determined initial ground points.
The procedures of point cloud separation algorithm are
as follows.

(1) Point cloud data were divided into many
pseudo scanning lines along some axis. Then the lowest
point was found out from each line and whether it was
the super-low point was determined. If it was, then it
was removed; otherwise, it was determined as the
ground point. Taking that point as the initial point,
filtering algorithm was performed on differences of
slope and elevation on left and right sides. The
calculation formula of the slope of two adjacent points
is:

Si: Zi—Zi,4

\/(Xi - Xi—1)2 +(y - yi‘l)z (6)

Where (xi, yi, zi) stands for the coordinate of Pi in
the world coordinate system and (xi-1, yi-1, zy-1) stands
for the coordinate of Pi-1 in the world coordinate
system.

(2) If absolute value of the slope Si of Pi satisfied
the given threshold Limit_S, then Pi needed to be
determined according to attributes of Pi-1, if Pi-1 was a
non-ground point, then Pi was also a non-ground point;
otherwise, whether the difference of elevation of Pi and
Pi-1, i.e., dz, satisfied the given threshold was
determined. If satisfied, then the point was determined
as a ground point; if not, then the point was determined
as a non-ground point. The calculation equation for the
difference of elevation, i.e., dzi, is as follows.

dz, =|z, - z,,,| -

(3) If absolute value of the slope Si of Pi did not
satisfy the given threshold Limit S:
(@ If Si < 0, then classification function is:

(P, =0,z,—z,<Limit _dz)or(P_, =1,z, —z,>Limit _dz)
1 (P,=0,z,—z >Limit_dz)or(P, =12z —z <Limit_dz)

(8)
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(b) If Si > 0, then classification function

Points(P) = {O

(P, =0,z —z<Limit _dz)
1 (P, =0,z,—z >Limit_dz)or(P_, =1)

(9)

For the participation in calculation afterwards, the above filter separates ground points and non-ground points. The
detailed point cloud separation algorithm is shown in table 1. In the table, Pi stands for scanning point to be determined,
TP stands for labeled ground point, NTP stands for labeled non-ground point, and Zt stands for ground point which is

closest to Pi.
Table 1. Data separation of laser scanning points
Point cloud separation algorithm
1 |<Limi
if |S'| t_S and
2 ) )
if P is NTP, then R is NTP ;
3 - i i .
else if dz,<L|m|t_dz , then R is TP;
4 A
else R is NTP;
endif
endif
<
else if S' 0 and
8 ) o .. -
it Pt ictp ang & zt<L|m|t_dz’then P is TP:
9 ) o .. ‘
if R is NTP and Zt<L|mlt—dZ,then A is TP;
10 ) . —z7 >Limi )
if "1 isTPand & T4 Limit _dz , then i is NTP;
11 ) —7 <Limi )
if R isTPand 2 &S Limit _dz , then R is NTP;
12 endif
13 _
else if S'> and
14 ) o .. -
it Pt ic7p ang & zt<L|m|t_dz’then P is TP:
15 ) . —z7 >Limi )
if R isTPand &~ %= Limit _dz , then i is NTP;
16 _ _
if Py is NTP, then R is NTP;
17 endif
18 endif
19 endif
20 endif

Programming according to the above procedures
can achieve the separation of environmental point cloud.
Non-ground point as characteristic matching point
participates in the calculation of ICP matching algorithm
after being uploaded to cloud end through network.
Finally the updated location and environmental
information can be obtained.

Matching of point cloud based on ICP
Three-dimensional images are usually matched using
ICP algorithm which plays a vital role.

Nm

A
Model set M ={mi}i:l has Nm points and data

A
set P:{ p; }I'ii has Np points. The conversion from

data set to model set is linear conversion, taking R as
rotation matrix and t as translation vector.

The main purpose of ICP algorithm is to acquire
conversion parameter which can make the nearest point
of points in data set and model set have minimum errors.
The process can be described using formula (10).
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Rp; +t—ij)

min (ZNP
Rt je1,2,..N,) Y=L 10)

The calculation method of ICP algorithm is as
follows.

(1) Screen point pair: the closest points to points in
P1 set were found out from P2 set. Then those points
composed a new point pair. All point pairs of P1 and P2
could be obtained through the above method. The
obtained two point pair sets were equivalent to two new
point sets for effective calculation.

(2) Two point sets were obtained using the above
methods; and two key points were obtained through
calculation.

(3) Rotation matrix R and translation matrix t could
be obtained through calculation according to the two key
points obtained above.

(4) New point set P2 after rigid transformation of P2
could be obtained after calculation based on the obtained
rotation matrix R and translation matrix t. Quadratic sum
of distance from P2 to P2’ was compared between the
new and old point sets; based on that, the difference of
quadratic sum of distance for successive two times was
evaluated. Then the absolute values were calculated, and
whether there was convergence was assessed. If the
threshold value was larger than absolute value, then it
can be determined as convergence and iteration stopped.

(5) Procedure (1) to (4) repeated till there was
convergence or the set iteration times were achieved.

Rusinkiewicz S gave factors influencing ICP
algorithm and moreover improved and expanded ICP. He
divided ICP algorithm into six procedures, i.e.,
screening, matching,  weight, removal, error
measurement and minimum. There is a kind of bionic
vision model screening method in ICP algorithm which
is usually used to initialize three-dimensional point cloud
set.
assisted

4, Human kinematics information

localization and mapping

Human kinematics information assisted localization

In unknown environment, local point cloud image
of environment is acquired using laser scanner, and
ground points and non-ground points are separated by
using point cloud separation algorithm. Topographic map
of the local environment can be obtained using the
separated ground points. According to terrain inclination
based localization algorithm, inclination model of robots
can be extracted based on the planned route polarity. The
localization of robots can be achieved through particle
filter.
Mapping based on ICP matching algorithm

ICP is the most extensively applied three-
dimensional point cloud matching method [17 ~ 19].

The purpose of ICP algorithm is to find out rotation
matrix array R and translation matrix array T in laser
point sets scanned by laser scanner in two times.

Assume P = {p1,~ . pm} as the reference point set

and Q= {ql,---qn} as model set. Model set in the kth
iteration could be expressed as Qk = {qlk,--'an}.

Matrix for the transformation between P and Qk was

calculated and original transformation was updated till
the average distance of data satisfied the given threshold.
Detailed procedures are as follows.

(1) Point qik was picked up from the model point
set; the corresponding closest point qik was searched in

the reference point set; then point pair (qik, pik) was
obtained;

. . Rk . . T k
(2) Rotation matrix and translation matrix
were calculated; besides, Hquik +T - pikH — min.

3 Q'“’1 was calculated according to the formula

Qk”:quikJer and new number set Q
generated;
(4) Least square error of Q

2
d*t = %z&uqikﬂ - pikH . Iteration
stopped if the error d* was smaller than the given
threshold or iteration times were larger than the pre-set
maximum iteration times; otherwise, new iteration
started.

In this study, the matching of data in two point
cloud images and the establishment of global map used
for navigation was achieved based on point-to-point ICP
matching algorithm. In point-to-point ICP matching, first
the distance from point to set can be obtained from
minimum euclidean distance from point to point, then the
corresponding point is searched, and finally objective
function which can solve spatial alternation can be
obtained by adding the distance from the corresponding
points to set together.

The advantage of ICP matching algorithm is that,
precise matching based on the extraction of point set
features is not needed. But the large calculated amount is
one of the defects of the algorithm; besides, a relatively
accurate initial estimation needs to be given, in order to
avoid local optimum and failure of convergence. The
traditional ICP matching algorithm based initial
estimation comes from track estimation of speedometer.
But in uneven outdoor terrain, the accumulated error of
speedometer based track estimation will increase rapidly
with the increase of distance, which restrains the
travelled distance between two times of matching and
increases the times of scanning and matching. In this
study, we put forward terrain inclination based
localization algorithm to replace track estimation, which
can obtain accurate estimation of initial location without
increasing extra sensor.

k+1

k+1
™ and P were

calculated;
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5. Experiment of human kinematics information
based localization and mapping and result
analysis

The design of experiment of human kinematics
information based localization and mapping

The platform used in this study was pioneer 3-DX
equipped with 3D laser scanner and inertial measurement
unit (IMU). The information of surrounding environment
could be acquired through laser scanner and IMU could
be used for measuring the changes of posture of robots.

The speed of robots was kept at vy, by the encoder on

the wheel spindle of robot. Speed appeared in the
direction of yb and zb which was caused by robot
planning was ignored.

A piece of grassland with obvious terrain inclination
feature outdoor was selected as the experimental
environment. The place, 15 m long and 10 m wide, with
uneven ground surface, was surrounded by many trees
and has poor GPS signal. The scanning scope of three-
dimensional scanner should be 80 degrees both in
vertical direction and horizontal direction.

Experimental mode is as follows: first the mobile
robot scanned the surrounding environment to obtain
cloud point images; then local RTI model of the terrain
was obtained according to the cloud point images; after
scanning, the mobile robot moved forward; during
movement, the robot was localized in real time based on
terrain inclination. According to the experimental
condition, the second time of scanning started after 6-m
movement. The cloud point image scanned in the second
time could be transformed into world coordinate system
based on the estimated location of the mobile robot given
by the terrain inclination based localization algorithm.

Finally, local cloud point images obtained after
transformation were matched with the points obtained in
the first time of scanning, thus achieving the updating of
robot location and map. Lowering the number of point
cloud and using kd-tree search algorithm are the main
methods for accelerating ICP based matching speed of
point cloud. Improving the efficacy of localization and
mapping using the above methods is called fast ICP-
based SLAM. This study compared the method with the
method proposed by this study and carried out fast ICP-
based SLAM experiment. The movement distance of
robot was set as 3 m. After 3-m movement, the robot
stopped and scanned the surrounding environment.

The cloud point image obtained in the first time of
scanning was matched with the local cloud point image
obtained in the second time; then the location of robot
and map were updated. The robot moved at a speed of
0.1 m/s and the sampling cycle of sensor was 0.1 s.
Results of experiment of human kinematics information
based localization and mapping and the analysis

A classification of ground point and non-ground
point was performed in local cloud point image obtained
in the first time of scanning. Terrain inclination model
was extracted from the obtained ground points using the
terrain inclination based algorithm proposed in section 2.
Based on the RTI model, the mobile robot was localized
using terrain inclination based localization algorithm
when the mobile robot moved from the first scanning
point (T = 0) to the second scanning point (T = 1 min).
The movement time of mobile robot was set. The mobile
robot stopped to scan and obtain the second local cloud
point image after one minute passed since the mobile
robot left the initial scanning point. Non-ground points
were separated from the second local cloud point using
cloud point separation algorithm. Combining the location
information of robot obtained by terrain inclination based
localization algorithm, the initial spatial coordinate of the
non-ground point in world coordinate system could be
obtained. Finally, ICP matching was carried out on the
two scanned cloud point images; then the location of
robot was updated based on translation and rotation
matrix and the map was also updated. Using the updated
ground point data, RTI model of the next road section
could be obtained.

The localization of mobile robot moving from the
second scanning point (T = 1 min) to the third scanning
point (T = 2 min) was achieved through terrain
inclination based localization algorithm. After matching
of the third local point cloud image, global cloud point
map of the experimental area could be obtained and the
location map could be established. The experiment
repeated for five times. Moreover, the average value and
variance of errors of location estimated by different
algorithms were calculated, followed by the calculation
of localization error of two algorithms (Table 2).
Euclidean space distance from the location estimated by
algorithm to the reference point was expressed as d.
Through analyzing table 2, we found that, the average
value of localization error of TILAM was 79% lower
than that of the traditional ICP-based SLAM; the
uncertainty of localization of TILAM was 44% lower
than that of traditional ICP-based SLAM.

Table 2 Comparison of localization error

Method | Average | Variance- | Average | Variance Average Variance | Average | Variance
error-x | x axis (m) error -y —yaxis | error—zaxis | —zaxis | errorof of
axis (m) axis (m) (m) (m) (m) distance distance
d (m) d (m)
TILAM | -0.0125 0.0901 0.0328 0.0104 -0.0164 0.0017 0.0388 0.0903
ICP-
based -0.0124 0.1326 -0.2014 0.0851 -0.0779 0.0286 0.2168 0.1594
SLAM
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Through further analysis on the obtained data, we
found a remarkable difference between TILAM and ICP-
based SLAM in aspects of data acquisition and
processing time, as shown in table 3. It can be known
from table 3 that, TILAM divided the time needed for the
localization of robot and mapping into two stages: the
first stage was time needed for ICP matching of two
cloud point images and the second stage was time needed
for the localization of robot from the first scanning point
to the second scanning point based on terrain inclination
feature.

Time needed by traditional 1CP-based SLAM could
also be divided into two stages: the first stage was time
needed for ICP matching of two cloud point images and
the second stage was time needed for the localization of
robot from the first scanning point to the second
scanning point based on track estimation. Though
TILAM consumed more time than track estimation based
localization in localization, the total time consumption of
TILAM was 54% less than that of ICP-based SLAM due
to the reduction of times of scanning and matching.

Table 3 Comparison of time consumption

Method Time needed by Matching time Total time | Experiment
localization algorithm al distance
TILAM 0.088sx3 time = 0.264s 1.25s%2 times =2.5s 2.764s 15m
ICP-based 0.021sx5 times = 1.25sx5 times =6.25s 6.355s 15m
SLAM 0.105s

To verify the robustness of algorithm, convergence time
of algorithm was measured based on the given initial
error (table 4). It can be known from the analysis result
of data that, when the given initial error was smaller

than or equal to 0.2 m, the convergence time of
algorithm was shorter than or equal to 4 s; when the
given initial error became larger, the convergence time
would become longer till diverged.

Table 4 Convergence time under different initial errors

No. 1 2 3 4
Robot speed (m/s) 0.1. 0.1 0.1 0.1
Initial location error (m) | (0.1, 0.1, 0.1) (0.2,0.2,0.2) (0.3,0.3,0.3) (0.4,0.4,0.4)
Convergence time (s) 3.8 5 25 33

6. Conclusion

When mobile robot moves in an unknown outdoor
environment, laser scanner is used to acquire local cloud
point image of working environment and terrain
inclination based localization algorithm is used to
achieve the localization of robot. When mobile robot
moves to next location along the path, another local
cloud point image can be obtained using laser scanner;
the obtained cloud point images are matched based on
ICP-based algorithm, and then the location of robot and
map can be updated. It can be known from the
experimental results that, the localization error and time
consumption of TILAM is half that of traditional ICP-
based SLAM. Besides, the experimental results suggest
that, in an unknown outdoor environment, the
localization and mapping method proposed by this study
has good robustness and can achieve ideal results of
localization and mapping within less time consumed.
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DEVELOPMENT AND DESIGN OF MANIPULATORS’ POSITION

Electrical and Mechanical college, Shandong University of Science and Technology, Qianwangang Road 579th,

MEASUREMENT SYSTEM BASED ON FIELD
PROGRAMMABLE GATE ARRAY

Guoyang Liu

Huangdao District, Qingdao, Shandong, 266510, China
E-mail: liuguoyang03@126.com

Abstract: A robot is the machine which can realize various functions by its own power and control
ability. Recent years, robotics was widely used in the popular fields, which reflects a country’s scientific
and technological development level. Since the manipulator is the key tool for the robot while operating,
it is vital important to develop and design manipulators. This paper studied the development and design of
manipulator’s position measurement system based on field programmable gate array (FPGA). Firstly, the
overall design scheme of the manipulator system is given, which used FPGA as the controller to complete
the data processing and control of the system. Then, according to the actual structure parameters of the
manipulator, it calculated and analyzed the forward kinematics and inverse kinematics. Moreover, in
order to complete the development and design of manipulators position measurement system, it analyzed
trajectory planning method for manipulators in the joint space by using the method of cubic polynomial.
The trajectory planning is carried out by using the spatial straight line and the spatial arc interpolation
algorithm. Finally, not only this does make great contribution to the development of science and
technology, but also provides strong technical support for promotion of national scientific strength and
comprehensive national strength.

Keywords: Field programmable gate array (FPGA); Robot manipulator; Measurement system; Trajectory

planning.

1. Introduction

Robots, as the production of mechanical electrics,
advanced integrated control theory, computer and
bionics, play an important role in the fields of medicine,
constructions, industry and so on. It is able to run the
program within the system, but also it can be carried out
according to the principle of artificial intelligence
technology [1-2]. Moreover, as a kind of high-
technology, robot technology has more and more
influence on people’s life, which represents the highest
achievements among mechanical and electrical
integration technology.

Manipulator has been a great concern all the time
because it is the most important actuator in the whole
framework of robot [3-4]. The main study of the
manipulator system is about hardware platform,
software platform, corresponding algorithm and so on.
What’s more, it is also involved some other knowledge
including kinematic theory, trajectory planning and
computer simulation technology [5]. It is not hard to see
that manipulator is complex- and-huge system
engineering. In this paper, the design of the manipulator
model is used as the object of study. It firstly
established the hardware platform for the system by
using appropriate profile and used field programmable
gate array (FPGA) as the core controller to realize data

processing and motion control of the manipulator
position measurement system, which analyzed and
studied three different aspects including control system,
trajectory planning and simulation technology. The
kinematics of the manipulator is analyzed through the
establishment of link coordinate system of the
manipulator. Finally, it solved the kinematic equation of
the manipulator system and carried out the research on
trajectory planning algorithm [6-7].

Recently, many experts and scholars at home and
abroad have made a certain analysis of the manipulator.
The research from Poveda Rodriguez D K, Rodolfo V
M and Carreflo Zagarra J J in 2014 indicated that with
the development of technology, the manipulator has
gradually been used in our life. Meanwhile, with the
application of manipulator in some complex fields, for
example medical treatment, the development of the
service type portable manipulator is more and more
extensive [8]. In 2014, Chen Y X mentioned that the
movement of the manipulator is realized by the power
source and controller, and the function and related
performance of the manipulator are directed effected by
its hardware [9].

In order to design the better manipulator position
measurement system, this paper used the PFGA as the
core processor to build the control platform of the
manipulator. That is the focus of present world’s robot
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research and major direction of the development of
robot technology in the future.

2. Design scheme of Manipulator System
2.1 Realization of position measurement system

The model for FPGA of Cyclone Il EP2C5T144C8
was used as the control chip for measuring system of
manipulator, and the import chip with type of
MAX1312 was used as the A/D conversion chip, both
can provide independent multiple channels [10].

That’s to say that independent sample makes circuits
provide sampling simultaneously for each channel.
Although the inputting sampling circuit signal
bandwidth for A/D conversion circuit is only 20MHz, it
is still able to digitalize the input signal quickly.
Moreover, it will reduce the power consumption of the
device by measuring periodic signal of bandwidth
which is beyond ADC sampling rate. Overall functional
framework of measurement system is seen as figure 1.

[;rlj;:elt;;icnllglt Steering Steering Steering
motor engine engine engine
3 I ' |
Angle Angle Angle Angle
measuring measuring measuring measuring
circuit circuit circuit circuit
¥ ¥ ¥ +
Signal Signal Signal Signal
conditioning conditioning conditioning conditioning
circuit circuit circuit circuit

] !

i !

‘ MAX1312 ‘
cmﬁif:t?;n g FPGA s Decoupling
EP2C5T144C8 circuit
modular
1 I F 3
Status Power Crystal-
indication supply vibration
circuit circuit cireuit

Figure 1: Block diagram of system function

According to different functions of chip
MAX1312 with different pins, FPGA achieved the
control of the pulse signal for three pins including of
reading-writing signal (RD), chip select (CS) and
starting conversion signal (CONVST), and collected the
input voltage signal. EOLC is considered as a symbol
pin of the end of the overall conversion for MAX1312,
which means that all channels of MAX1312 stop data
transitions once that pin has a low level output. What
first should be done is to input low level signal for both
pins of RD and CS during the process of reading data
conversion results for MAX1312. Next is to release data
that is locked by inputting high level for pin of RD.

2.2 Simulation of position measurement system
Compiling the data conversion program with
Quartus ITand simulating to the position measurement
system by using Modelism, it is found that at the
beginning of data conversion, the high level signal is
input to the pins of CONVST, RD and CS
simultaneously. In this process, once the output signal
for EOLC drops, all the channels of MAX1312 will stop
data transitions, which refers to that the whole data
transition end now. On the other hand, inputting low
level signal to both pins of EOLC and CS when reading

data, whenever the RD appears a falling edge signal, it
means that the channel conversion data has been all
output. Therefore, it can be seen from above simulation
result that the operation sequence and way of each pin,
which verifies the correctness of the simulations results.

3. Calculation and analysis of the kinematics of the
manipulator

3.1 Position and pose description of the kinematics of

the manipulator

(1) Description of Joint coordinate
manipulator system ( see as figure 2)

system for

z

A'“

x
A

Figure 2: Schematic diagram of position vector
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Figure 2 is the rectangular coordinate system.
Basing on this, any point O in this coordinate system, its

position can be shown with the vector "0 as following
column 3x1:

o

X

*0=|0, (1)
O

z

C A
Among which, “O s the position vector for the

point O in the coordinate system, corresponded Ox, Oy
and Oz separately represents the three coordinate vector
for the point O in this rectangular coordinate system.
(2) Pose description of manipulator system

In this paper, for the space pose of any joint U in the
manipulator, coordinate system {U} which uses U as
the reference is built. Its coordinate origin is appointed
as the feature point of joint. And the origin of the
coordinate system can be described by the position

vector AOUO . Meanwhile, {A} is used as the reference

coordinate system and rotation matrix is used to
describe the direction and position of coordinate axes.
That’s to say that pose of U can be described as below
by using coordinate system {U}:

_IpA
ul=Ro, | ®
3.2 Analysis of forward kinematic

(1) Establishment of link coordinate system and
kinematics equation

Step one: building D-H coordinate system and
determine its origin; then selecting the appropriate axis
of X and Z according to joint pose of manipulator and
finally determine Y axis. What should be note is that the
axis direction is determined by the right hand rule.

Step two: Establishing the linkage coordinate system
of each joint of the mechanical arm once connecting rod
parameters of D-H coordinate was determined.

Next is to make sure the D-H parameters of the
each joint connecting rod of the manipulator.

Seen from figure 3:
Axis(i)

Axis(i-1)

Figure 3 Description of connecting rod

Step three: solution of transformation matrix Ti
(i=1,2,3,...n-1,n).

Step four: solving the integral coordinate
transformation matrix of manipulator, which is shown
as below:

{T =TiT,Ts-T, -

T :Tn "'T3T2T1

Step five: solution of manipulator kinematics
equation
(2) Solution of forward kinematic equations

It is not hard to get the parameters of kinematic
analysis by above establishment of manipulator linkage
coordinate system. Following are the explanations for
the solving step of forward kinematic equations.

Step one: once the D-H coordinate system of
manipulator was completed, base of  mechanical arm
is set as basic coordinate system. After that, establishing
corresponding coordinate system for all joints. Only
follow certain principles for establishment of coordinate
will it make sure the correctness of coordinate axes’
direction.

Step two : D-H parameters of the connecting rod of
manipulator is shown as table 1, which is obtained by
determining the D-H parameters of each linkage joint
according to the actual measurement data and related
design parameters.

Table 1 D-H parameters of manipulator

Joint serial number 1(base) 2 3 4

6, 6 o, 63 &

iy 0 7l2 0 0

8 & a a3 8

d; 0 0 0 0

Connecting rod parameters (cm) #=30.03 a,=41.78 a3=32.23 a,=20.08
Step three: dealing with the coordinate

transformation matrix T;(i=1,2,3,4) according to the

parameters of each connecting rod of manipulator in
table 1.

Step four: basing on the previous equation 3,
integral coordinate transformation matrix is shows as
below.

Ny Oy 8y Px
n, 0y a, P
T=TT,T3Ty= ny Oy ay py (4)
: 0z 8 Pq
0 0 0 O
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The position of manipulator terminal in the basic
coordinate  system can be expressed  with

a=atan2(ny,ny)

p=atan2(-n,,n,-cosa+n

Oz[Ox,Oy,OZ] , and its Euler parameters of pose can

be described using (a, yop 7/), that is:

Sina) Q)

y=atan2(a,-sin a—a, €os a,—0y sin a+0y-COS )

It is known from analysis that data can clearly
indicate terminal controller of manipulator is
corresponded to the pose of basic coordinate system.

3.3 analysis of inverse kinematics

Inverse kinematics refers to the process to solve
joint variable if the terminal pose of manipulator is
determined. The mapping relation between joint space
and cartesian space is shown as figure 4.

Joint space Cartesian space
LEBEN
p® A
e 2]
¥ B
® 3—
e C
o 4]

Figure 4: the relation between joint space and
Cartesian space

In figure 4, there are separately 4 four groups and
three kinds of terminal poses of manipulator in joint
space and Cartesian space. Moreover, it is not hard to
see that the relation from joint space to Cartesian space
is single mapping relationship,on the contrary, the
relation from Cartesian to joint space is one-to-multiple
mapping relations [12-13].

In the process of controlling manipulator, the inverse
kinematics was applied into the pose control for
Cartesian space of manipulator. But inverse kinematics
solution is not unique or it is possible not exist.
Meanwhile, solutions for inverse kinematics are not
single, so many kinds of way can be used as to get the
results in this process.

4. Trajectory planning analysis of Manipulator
4.1 Point-to-point trajectory of Manipulator (See
Figure 5)

joint {
F Y
L ) _-;-m*:-:-'.;‘;'-:';: terminal point
:'é) J'H @D;
a(;) Ry C _/_I
il R
’./“1 ..‘_‘__/
&tp) o @
starfing pomnt
-
Iy I; If
Figure 5: Schematic diagram of point-to-point
trajectory

4.2 Joint space trajectory planning of Manipulator
(1) Three order polynomial trajectory planning

In order to insure the stability of the manipulator in
joint space trajectory planning we need to bind

respectively for the joint trajectory function H(t) in the
starting position, the end position, the starting speed and
the terminal speed. When t, =0, the value of 6(t)

equals the joint angle of starting point ,. When the
termination is t, , the value of 6’(’() equals the joint
angle at the point of termination q; .As shown in the
6(0)=do

(6)
'9(tf )=Qf

In the actual motion trajectory planning of manipulator
the speed of above two angles is both set as zero in
order to facilitate the calculation of the joint angular
speed of the starting point and the end point of the

6(0)'=0
oty )0

formula 6: {

manipulator movement. That is {

According to formula 6 and formula 7 we can determine
the only one of the three polynomials. That is

O(t)=a, +at +a,t? +a,t’ (8).
(2) Three degree polynomial interpolation function (see
Figure 6)

terminal point

C

Figure 6: Trajectory planning of Manipulator over path point
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In many cases, when there is a path point we need to
consider whether the manipulator will stay at the point
of the path. If there is, then we can take the three
polynomial interpolation method. On the contrary, we
can consider promote the above methods. Or we can
point each path as a starting point or end point, using the
inverse kinematics method to solve the corresponding
values of the joint. The problem that needs to be noticed
at this time is that the speed of the manipulator is not
zero at the point of the path and it requires the use of the
path points of the three polynomial interpolation.

We can find from Figure 6 that the 4 constraint
conditions are starting position constraint, starting speed
constraint, end point position constraint and terminal

speed constraint. If H(t) =a, +a, +a,t* +a,t’and

the 4 constraint conditions are put into the formula it
can be obtained as

a=lo

8 =0o

a =%(Qf —0o )—i do L s’ 9)
ts tg ts I

a3=—tfi3(qf g )+%(q0'+Qf‘)

Put above four relational formula into H(t) and H(t)l , three polynomial interpolation functions of the path points will

3 2 1 2 1 : .
be as e(t):qo+%t“{t_z(qf _qo)_t_qo — th _t_g(qf —QO)+t—(QO +qy )]tg (10)
f f f f

f

and

C 3 2 1 . 2
0(t) =09 +2| —(9¢ —0p J—0do —0q5 [t+3| ——
() =do [t 2( f 0) t o t f tf3

f

4.3 Space trajectory planning
(1) Spatial linear interpolation algorithm

When the manipulator is under linear interpolation
the starting point and the end point of the manipulator
movement are given in advance (As shown in Figure 7)
in order to solve the position and attitude of the middle
point in the motion.

Z

/.Q(-’Q:}'z:zz:'
O .”/ }'::

P(xq, .21

X

Figure 7: Schematic diagram of Spatial linear
interpolation

According to Figure 7 the distance L from the
starting point to the end point of the manipulator from
the straight path can be calculated:

L= \/(xz —x )V +(y, -y, +(z,-2) a2

When the manipulator is under linear interpolation
the interpolation precision is easily affected by the
number of linear interpolation in space. What’s more,
with the increase of the number of interpolation, the
manipulator will gradually approach the line. In this
way, it is possible to make the interpolation precision
increase, and then directly affect the computer's
response level.

(ay —q0)+%(q0'+qf')]t2 (12).

Spatial arc interpolation algorithm
Space arc refers to the manipulator in the process of
exercise, the three-dimensional coordinates of any plane
in the arc [14-17]. The calculation of the spatial arc
interpolation algorithm is based on the plane circular
interpolation. Firstly, the space arc in the coordinate
space of the manipulator is transformed into the plane
arc of the relative coordinate system. Secondly, the
coordinates of interpolation points in the plane arc are
calculated according to the interpolation algorithm of
plane circular arc. Finally, the coordinates of the points
calculated by the plane circular arc interpolation are
obtained by transforming the value of the manipulator in
space relative to the coordinate system [18-20].
The hypothesis space of circular arc coordinates
with respect to the basis of the coordinate system is

0= (XO, Yo Zo)- Regarding P, Q and the original
coordinate point O as three points as shown in Figure 8:

A
N

0,(0) C o

Figure 8: Schematic diagram of plane arc interpolation

BP perpendicular to OP and AB perpendicular to OQ,
the equations can be obtained as follows:
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0Q-AB=0
OP-BC=0 (13)
OA-(ABxBC)=0
Among them O, stands for the base coordinates of the
center and the relational formula is as follows:
OQ=(0A+O0B)/2
OP=(OB+0C)/2
If the interpolation step of circular interpolation is
determined by N, the angular displacement of the
interpolation process can be obtained. Further solve the

coordinates of the center point of the circular
interpolation, and then solve the transformation matrix.

M stands for transformation matrix of 0,X,Y,Z, to

(14)

basic coordinate system 0, X, Y;Z; and the

corresponding coordinate values are as follows:
X1=0C={X3—X0, Y3~ Y0, 2320 }
OA={x—X, Yo—%0, 21~ 20 }
leafx(ﬁ
Y1=21><X1

In summary, the interpolation algorithm of plane
circular arc interpolation is used to calculate the spatial

arc interpolation, which can be used to solve the
coordinate value of the interpolation point in the

coordinate system 0,X;Y,Z,.

(15)

5. Conclusion

In order to better reflect the national science and
technology level and strengthen the robot technology
the development and design of the manipulator position
measurement system is developed based on field
programmable gate array in this paper and the overall
design scheme of the manipulator system is given.
According to the actual structure parameters of the
manipulator, the forward kinematics and inverse
kinematics of the manipulator are calculated and
analyzed in the paper. Finally, the trajectory planning
method of the manipulator is analyzed by using the
three degree polynomial in the joint space. And the
trajectory planning is carried out by using the spatial
straight line and the spatial arc interpolation algorithm.
The development and design of the manipulator position
measurement system based on field programmable gate
array is completed. In the design, we make full use of
the advantages of the field programmable gate array
(FPGA) clock, high clock frequency, fast acquisition
speed, high work efficiency, etc. and consider this as the
core of the manipulator position measurement system to
control the timing of the system. Based on the theory of
robot kinematics, a D-H method is used to establish the
kinematic equations of the manipulator and a variety of
interpolation algorithm is used to carry out the trajectory
planning of the manipulator to design a high efficiency,
good performance, high technology of the manipulator

measurement system. It provides strong technical
support for the advancement of science and technology.
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Abstract - The materials with micro- and Nano metrics structures coated through intelligent mechatronics
methods have their destination also in biomedical applications such as implants (dental and orthopedic
prostheses, etc.) and in micro sensors. The equipment’s and the methods used in the description of the
surfaces with micro- and Nano metrics structures intended for biomedical application offer the possibility
of an topographic characterization of the thin layers, in order to verify the physic — mechanical
characteristics of the layers (micro hardness, electrical characteristics, thermal, magnetic, adhesion, etc.)
and to characterize in a structural manner the thin layers deposed.

The issue of development of materials with superior characteristics of biocompatibility, high strength and
low wear is a constant in the current research in the field of biomedical applications.

Keywords: nanotechnology, technological flow, High Tech.

1. Introduction

The issue of development of the materials with
biocompatibility superior characteristics, high strength
and low wear is a constant current research in the field
of biomedical applications. Complementary of the listed
analyses is added the bioactivity which are determining
the osteointegrity of the implants. A solution to
optimize the structural characteristics and increased
operational life to implant components is the deposition
of thin films - micro and nanoscale materials with
properties targeted by Intelligent Mechatronic processes
and technologies.[1]

Taking into account the scope considered for micro
and nano structures covered - biomedical field -
knowledge of functional parameters, structures, coating
materials and coatings, the degree of finishing
superficial deposit applicate are very inportant to
achieve the medical objective watched as final solution :
the biocompatibility.

An adequate mechanical strength of the substrate, an
ultra fine structure of deposits and high adhesion
thereof, will be used to ensure a proper functioning of
friction couplings which are used (ferquent case of the
prosthesis) by compatibility and optimal tribological
system.

It is necessary that the metallic materials, ceramics
and other composite used as substrates to achieve
maximum hardness themes associated with a

corresponding set of features that are requesting very
fine metallographic structure, up to the nanometer level
in ceramics case.

The maximum mechanical strength in terms of
optimal features necessary fort tribological coatings and
to ensure a superior adhesive is also achieved by means
of nanostructured deposits.

Depending on the particular operating follow,
procedures / processes / methods of characterization are
diversified. Accordingly, equipment for testing are also
varied: for a single feature or multiple features, with
increasing degrees high precision and high confidence
levels, with or without computer equipment, etc.

The biocompatible materials are artificial products
that have been imposed by the needs for improving the
health of people affected by illness or injury, and this
possibility of use of biocompatible materials has led to
the increase of life.

It can be created an interfaces for medical devices
biological environment through biochips ID that can
tele-interaction, or improve a function of the affected
organ. The premise is that biomaterial-body interaction
is beneficial.

During use, the artificial products can be:

» positioned outside the body, but may have access
to some fluids or tissues (devices connected to the
nervous system or cardiovascular system);

» partially inserted into the body, which process is

done by piercing the surface of an organ, so one side is
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placed outside the unit on which it will act, and the
second inside a cavity, without bisecting surface organ
(contact lenses or dentures);

» products which are fully inserted inside the body.

The major disadvantages of the implants are
determined by the nature of the mode of synthesis and
physical and chemical properties of various materials
used in relation to living tissues, such as:

> the ability to modify the structure and properties
depending on the applications it supports (mechanical
load to the bone or blood flow to the blood vessels);

> ability of reconstruction.

A biomaterial must meet a series of requirements in
order to corespond at the using function;

> to be biocompatible - bioactive, bioinert or
biotolerant, so to fulfill a certain function in a
physiological environment, without producing any
harmful effect (non-toxic, allergic, carcinogenic) on
living tissues, thus provoke in the same time, an
adequate response from the organism. It is known that
no foreign material implanted in a living organism is not
fully supported, the only substances that fully respond
to this demand being the ones produced by the body
himself, so the nature of welders. Any other substance is
recognized as foreign and will initiate a series of
reactions that allows his integration.

> to be biochemically stable, so do not suffer any
degradation processes with the time, while in contact
with the physiological environment;

» to have mechanical properties (tensile strength,
wear, fatigue, shearing etc.), similar to the tissue
substituted for taking in optimal conditions the
mechanical function of this

The dental Biomaterials are also known as simple
dental materials. The function of using a biomaterial, in
particular, those used in dentistry and orthopedics, is
provided by a set of properties, consisting of physical
and mechanical characteristics, aesthetic, chemical
reactivity and biological integrity demonstrated over
time. The information provided in this by the
manufacturing company, as a result of numerous
laboratory tests performed, are designed to help the
doctor in selecting a material for a specific application.

Previously their manufacturing at a large scale for
sales, the materials designed and produced are subjected
to tests performed in vitro (environment which
simulates the conditions to be placed in work and
function) and in vivo (in real environment — tested
usually on animals). For most materials can not be
measured in vivo the reliability and the ideal would be
to use a spectroscopic technique for measuring the
properties of a new material and to anticipate the using
of the material for a particular area. These tests are
mandatory  because, besides  physicochemical
characteristics is established the biocompatibility
compared to body tissues.[2].

On dental materials from the mouth acts a number of
factors - mechanical, chemical and microbial which are
leading to the deterioration of their properties and, in

time, to the deterioration of the material as such. The
intensity with which these factors act depends on both
the material and the body - variations in the conditions
of the mouth environment. Mechanical factors are
represented by occlusal pressures caused by high
muscle contractions that can deform the mandible
(elastic, plastic) or a fracture which can lead to dental
material. The chemical factors are represented by the
liquid in the mouth, with a variable pH, influenced the
important nature of the food consumed. Microbial
factors lie in microbial flora in the mouth; its action
results, besides discolouration and reduced dental work
physicochemical resistance.

Not being written an complete history of materials,
can be follow their milenar development through the
progress achieved in science.

The achievements in the field of biomaterials are
based on three scientific fields: chemistry, biology and
physics, and technical applications or "application”
culminating with clinical achievements.

People always were concerned about restoration of
body parts, damaged or lost due to accidents or diseases.
Among the top concerns of the people was restoring
teeth that usually deteriorate first due to lifestyle and
food. Thus, the earliest examples of dentures seems to
have been the gold works of Phoenicians, Etruscans and
later of the Greeks and Romans.[3].

To exemplify this situation can be presented the
situation of the inspections for imagistic characterizing:
from optical microscopy to electronic microscopy and,
more recently, atomic force microscopy or different
combinations beetwen these.

Also, experimental test results are harvestable with
mechatronic equipment, stored and / or performed with
dedicated software programs, complex, containing also
an processing statistics, by interpolate the parameters
for comparison with the ones stored in databases.

2. Application

The comparative researches realised throught the
SEM and AFM microscopy, on representative surfaces
were conducted in the Laboratory of MEMS and NEMS
Mechatronic from INCDMTM

To determine the thickness of thin sections of the
samples were taken which were deposited layers. These
cross sections were analyzed using optical microscopy,
AFM and SEM. In this paper, from the layers deposited
are presented the transversal sections achieved for the
samples with TiN coating by deposing with laser
spiking. The thickness of the TiN layer deposed was
been generated through the surfaces scanning of with
AFM. Following the characterization of these surfaces
with the microscope with atomic force were been
determined the thickness of TiN thin layers deposited at
5000, 10000 and 20000 pulses. Can be observed similar
values in terms of size, but bigger in terms of value to
those obtained by optical microscopy.
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5000 pulsuri — F =40 N

After tests of scratching on each sample and
examining traces of scratching with the optical
microscope have been detected several types of damage
(main critical events) of the surface occurred through
the actions of critical tasks: deformation and detachment
of material (EC1), fragments of deposit detached (EC2),
semicircular cracks in the coating (EC3), lifting the
edges of the material (EC4), cutting the base material
(EC5) and oxidation (EC6).

It was observed that all three layers deposited at
5000, 10000 and 20000 pulses, since the forces with
low critical events occur like the EC1, EC2, EC3, EC6
are depending on thickness. A critical event EC4 and
EC 5 occurs at higher values of force if the layers are
deposited at 20000 and 20000 pulses. This demonstrates
greater hardness compared to those layers deposited at
5000 pulses.

It has been observed that at a certain value, the layer
is removed during the scratch test. The force from
which the layer is deposited on the substrate is removed
defines critical force (Fc). This is influenced by many
factors such as substrate hardness, film thickness and
contact interface.

The value of the critical force is affected by different
test parameters (speed scratch tip properties, etc.) and
coating-substrate composite properties (hardness and
roughness, etc.).

When the layer is removed along the main scratch
was observed the destruction of the substrate when the
applied force is greater.

From the experimental data obtained could be
achieve n comparative chart between the three layers
deposited, shown in Figure 10. It can be seen that the
films deposited with 5000 pulses and 10,000 pulses
can’t support a force greater than 80 N. The layer
deposited at 20,000 pulses can resist even when on the
surface is applied a force of 125 N during the scratching
test.

3. Conclusions

The laboratory experimental procedures performed
in this work have important results in terms of physical
and mechanical characterization providing important
information about the materials submitted in the
previous stage.
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Abstract - With the rapid development of science and technology, the robot developing can be said to
flourishing. In China, the research for robot just started, so more human resources and material should be
invested into to this field. The trajectory tracking algorithm of table tennis robot is one of the key
researches. Also, introducing the video tracking technique into the sports training, which was use to
improve the science and efficiency of physical training, has being coming an emerging research. This
technology can capture and track the moving objects and analyze its moving status and characteristics by
recorded data; and finally help the athletes to train. This paper chose the pitching machine of table tennis
as the research object. And this pitching machine can launch a ping-pang ball in different speed, angles
and rotations. Meanwhile, in order to carry out motion detection and tracking to the ball in video, this

paper used SONY camera for video capture.

Keywords: robot technology, flight path of Ping-pang, objects detection, Calman tracking.

1. Introduction

As a mechanical device, the robot can automatically
perform the task and complete the assigned task. At the
beginning, the robot was designed to assist or replace
the worker, reduce the burden of human work and
improve the production efficiency [1-2]. Recent years,
with the development of computer technology and
artificial intelligent technology, the robot was improved
on the aspects of functions and technology, which
therefore plays a more and more important roles in our
life and makes a positive change to our life. In fact,
Ping-pang robot has only 30 years of development
history, which means that it still belongs to the
emerging robot research field [3]. Table tennis robot is a
typical real-time intelligent robot, which can play table
tennis with human beings, perceive the service route
and the tracking of competitive objects, make a
reasonable judgment and return strategy, and finally
achieve flexible impact. At present, due to the lack of
research on trajectory prediction and study of the
identification of rotary ball trajectory, the study on
Ping-pang robot is worthy of further exploration.
Actually, recent years, many scholars at home and
abroad have made some researches on this field, such
as:

In 2014, Pan M, Mizuuchi | indicated that trajectory
prediction plays a very important role in the process of a
table tennis robot shot; he also mentioned that the
accuracy of trajectory prediction has an effect on the
success of hitting the ball. This is because that when it
hits the ball, the non-smooth of interface generates
friction to the table tennis, which makes the ball rotate
and has a certain impact on its flight path, and finally
leads to the inaccuracy of the trajectory prediction. On

the basis of the analysis of the rotating ball, he also
discusses the effects of Magnus force on the flight path
of table tennis under different rotation [4]. Kim H H,
Park J S and Jung J W etc in 2013 designed omni-
directional mobile robot table tennis for the problem
that the ordinary tennis serving machine can only serve
but not hit ball back to complete the simulation of
training. The chassis of robot applied three wheeled
omni-directional wheel structure, which can move to
any direction on the site and zero turning radius; they
also designed three structures including ball hitting
mechanism, ball receiving mechanism and service
mechanism, among which, the ball hitting mechanism
consists of a three degree of freedom manipulator; and
each degree of freedom is driven by a single servo
motor to achieve the serving and hitting under different
angles and different efforts [5]. Kundu S and Parhi D R
in 2016 established a virtual prototyping model of Ping-
pang serving machine with Prof/E and ADAMS, and set
related constraints and motion functions to simulate
dynamic to the virtual prototype. Meanwhile, they
selected displacement trajectory of various types of ball
and the movement speed and autorotation speed of any
ball as the evaluating indicator; and compared and
analyzed dynamic simulation results to verify the
feasibility of the serving machine [6]. This paper carried
out some experiments for the trajectory of table tennis
based on the technology of robot serving machine and
analyzed to its results.

2. Problem of rotating ball trajectory
Establishing the three-dimensional system of

coordinate 0-xyz that the vertical direction is z axis, the
long side of table of Ping-pang is x axis, the shorter side
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of table is y axis, and the center of short side of the ball
table is original point O, show as figurel:

@

Figure 1: Three dimensional coordinate system

In the process of playing table tennis between the
robot and human, the success rate of return ball of the
robot depends on the following two points[7-9]:

(1) The accuracy rate of return ball of the robot
which is based on the correct classification of the ball
and the precise trajectory prediction. So the
classification of ball trajectory determines what kind of
strategy that robot should take.

(2) The robot needs time to make preparation, this
requires that robot has a good real-time performance;
otherwise, even if it can identify the type of ball, it still
can’t fight back the table tennis timely.

Considering above two factors described, we decide
to classify the trajectory of the rotating ball by applying
ELM algorithm, and we do the following experiments in
the offline environment: firstly, to learn the flight
trajectory of rotating ball by original ELM algorithm
and use the flight trajectory as the inputting, its striking
type as the outputting. Finally, learning the training
network by a large number of historical data collected
by the actual experiment is to evaluate the practical
performance of the algorithm [10-12].

3. ELM Neural Network

In the traditional artificial neural network, the
hidden node parameters can be optimized by some
iterative algorithms and finally determined. However,
the steps of those algorithms will make the training
process need lots of time, which finally leads to the low
efficiency of the training process. In order to enhance
the overall performance of the neural network, Huang
Gb et al proposed the ELM algorithm. Extreme
Learning Machine (ELM) is a fast single-hidden layer
neural network training algorithm.

It has the characteristic that in the training process
of network parameters, the inner weight and the bias
value of the hidden layer nodes are randomly selected
not need to be adjusted. While its outer weight is
obtained by the least square solution, the whole process
does not need any iterative process, which greatly
reduces the adjustment time of the network parameters.

4. Input data preprocessing

After inputting the data of the rotating ball, we need
to do a series of preprocess to the original data, the most
important is the normalization processing.

Normalized processing is to convert the input data
that used for training into the value in the same range,
which is widely used as a method to speed up the neural
network training [17-20]. the advantage of this method
is that it can reduce the order of magnitude difference
between different data and make the training network
converge quikcly to complete data processing. For
example, if the range of data 1 and data 2 is seperately
from 10 to 10 and 0.5 to 0.7, then the whole training
network will be snesitive after using data 1 and 2 for
training. The normalization refers to make data
correspond to a value in a certain range and it is able to
avoid the formation of this kind of "allergy"network.

Generally speaking, there are three Kkinds of
normalization for neural network: the first one is to
invoke the normalized function of MATLAB including
premnmx, postmnmx, mapminmax, which can
normallize the data into the range [-1,1]. The second is
to invoke the the normalized processing function of
MATLAB-prestd and poststd, this function is able to
normalize the data to be the mean value 0 and its
variance to be 1. The third is to achieve normalization
by manual programming.

In this paper, coming with function mapminmax of
MATLAB was used to map the acquisition data to the
rang [-1,1].

5. Experimental results and analysis

A verification experiment was done in this paper to
verify the availability of the ELM classifier for the
classification of the rotating ball trajectory. The
hardware environment of the system used in the
experiment was CPU Intel Core i7-4700MQ 2.7 GHZ
with 32GB memory and development platform was the
Windows 7 operating system.

250 effective data were selected in the experiment
which was divided into topspin, backspin, side topspin,
side backspin and side right spin. There were 50 sets of
data for each class. 3 groups were selected as
experimental data at each time. Among them 75% of the
total data, that was 113 sets of data, were considered as
training data. 37 sets of data were considered as test
data. That was the rest of the 25%. ELM algorithm
selected the original ELM classifier.

The experimental was divided into three categories
according to the different production methods of the
rotary ball. 1. Set the topspin ball 2. Set the backspin
ball 3. Set the side spin (21-24).

The trajectory of the ball can be set. Each type of
service can be repeated several times and the trajectory
of each type of service is basically the same. So this is
beneficial to classification (25-27). By setting the wheel
gear on the service machine and angle, this experiment
collected four kinds of table tennis movement.
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They are side topspin (It was 45 degrees between the
round and the horizontal line, the up round was greater
than the back round.), side backspin (It was 45 degrees
between the round and the horizontal line, the up round
was smaller than the back round.), topspin (It was 90
degrees between the round and the horizontal line, the
up round was greater than the back round.), left side
spin (It was O degree between the round and the
horizontal line, the up round was greater than the back

round.) and right side spin (It was 0 degree between the
round and the horizontal line, the up round was smaller
than the back round.).

In this experiment, we selected the position of each
10 frame image as the characteristic data before and
after the rebound of the table tennis ball.

The results were shown in Figure 2.
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Figure 2 Table tennis ball rebound before and after the location of the 10 frames of the image

We can see from Figure 2, through the training of
ELM algorithm, the training set of this experiment was
the correct rate of 86.16% and the test set was the
correct rate of 72.16%.

The return ball success rate of the table tennis robot
depends on the accuracy of classification and prediction
of the table tennis robot.

Thus, the correct rate of the test set here was not
consistent with the requirements of table tennis robot
system.

So we added the velocity characteristics of each
trace point in the data feature inputting. Through the
experimental verification, the results were shown in
Figure 3.
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Figure 3 Velocity characteristics of each locus

The correct rate of the training set was not much
different from that of the training set before the speed
characteristic was added. But the test set accuracy has
increased to 79.1%. It can be seen that the speed
characteristics can be adjusted to improve the
classification accuracy of ELM classifier.

At last, we selected different types of rotating ball
trajectory to make several sets of experiments and the
results of the experiment were shown in Table 1.
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Table 1 Feature selection test results

Index | Pre classified trajectory Total running time(s) Recognition rate(%)

1 Side Topspin. Side Backspin, Topspin | 0.013395 78.6

2 Side Topspin. Side Backspin, leftside | 0.021523 811
spin

3 Side Topspin. Side Backspin. Right 0.192159 80.1
side spin

4 Side Topspin. Topspin. leftside spin | 0.165913 71.2

5 Side Topspin. Topspin. Right side 0.174129 68.3
spin

6 Side Topspin. left side spin. Right 0.235423 80.1
side spin

7 Side Backspin. Topspin. left side spin | 0.014926 63.1

8 Side Backspin, Topspin. Right side 0.025129 83.9
spin

9 Side Backspin. left side spin. Right 0.163129 71.2
side spin

10 Topspin. left side spin. Right side spin | 0.181220 82.9

From the last column of Table 1 we could figure out
the correct rate of the average classification was only
75.4.%. The return ball success rate of the table tennis
robot depends on the accuracy of classification and
prediction of the table tennis robot. Thus, the correct
rate of the test set here was not consistent with the
requirements of table tennis robot system. But from
another aspect, we could see that the average running
time of the ELM classifier was only 0.104s. It can fully
satisfy the real-time requirements for a table tennis
robot.

6. Conclusion

The track of table tennis ball was classified based on
ELM algorithm in this paper. After getting the results
and analysis, we could improve the -classification
accuracy by adding the velocity features to the training
data. In addition, we also introduced the ELM
algorithm. However, due to the limitations of resources
and conditions, there are still some deficiencies in the
experimental process and the results and analysis which
we will complement and improve the relevant research
experiments in the future.
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Abstract - In recent years, computer vision detection technology based on video image processing has
become a hot research topic and it has been widely used in many fields. In this paper, we proposed the
development of sports shot performance measurement system under the guidance of the vision measuring
technology based on the current domestic and foreign on monocular vision measurement technology
related research. This paper described the design and implementation of key technologies of shot
measurement system based on monocular vision and briefly analyzed the test and error of the system. The
accuracy, stability and efficiency of the method were proved by the examples. Combined with the
characteristics of shot field, this paper proposed rules based on the same field geometry calibration
method and mathematical model of matching based on the same field of view object coordinate
transformation of grid, using the monocular CCD camera image plane coordinates to measure the shot
placement of the ground plane coordinates. The shot result measurement system designed and developed
in this paper has been used in sports activities. The application has the advantages of simple structure,
convenient operation, high efficiency, high speed, wide application range, etc. and has wide application
prospect.

Keywords: Vision measurement technology, Shot range, measurement model, Geometric calibration

method, Performance measurement system.

1. Introduction

With the improvement of computer processing
ability and the development of sensor technology
computer vision technology based on video image
processing has became a hot research topic in the field
of image processing in recent years. This technology
has been widely used in many fields. As a result of
computer vision detection technology has become a hot
research the computer vision measurement technology
used in sports shot performance measurement is a major
breakthrough [1-3].

At present, the application of computer vision
technology in sports is very extensive. Using this
technique, we can not only observe the action of athletes
from different angles, but also can quantify the speed,
acceleration and position of the athletes. It makes the
sports training and competition get rid of the state of
traditional experience analysis and judgment so as to be
at the state of scientific and digital. What’s more, it
helps to complete the test of the performance of
competitive sports as well [4]. In this paper monocular
vision measurement technology was applied to the
measurement of the shot result for the first time.
Combined with the characteristics of shot field this
paper proposed mathematical model of matching based
on the same field of view object coordinate

transformation of grid and at the same time the
background subtraction algorithm based on target
detection algorithm was improved. It reduced the time
of target extraction and improved the measurement
efficiency of the system [5].

We regarded the performance measurement based
on video image processing as a starting point in the
paper. It focused on the research of image processing
technology in vision measurement, camera calibration,
monocular vision measuring methods and the
implementation steps and design method of
measurement system of monocular video shot based on
the competition results. It put forward the key
technologies and solutions and verified the
measurement method. At last, the paper described the
problems and improvement methods of monocular
vision technology [6-8]. Research of Vijayakumar V
and Nedunchezhian R considered that only a single
camera should be used to measure the work of
monocular vision measurement. It was widely used
since the method had the advantages of simple structure,
simple camera calibration and so on [9]. The method of
plane measurement based on linear correspondence was
proposed by Liu Y, Zeng L, Huang Y. The results
showed that the estimation method based on linear
correspondence had higher accuracy compared with
method based on point correspondence [10]. In a word,
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the project performance measurement system in the
vision measurement technology under the guidance has
been widely applied in the field of sports as it has the
advantages of simple operation, high efficiency and fast
speed. It is not only suitable for large competitions but
also suitable for all kinds of track and field sports
meetings. Thus it has the application prospect and the
promotion value.

2. Monocular vision measurement technology and
the establishment of the system model
2.1 Monocular vision measurement method

(1) Geometry constraint method: It aims at the specific
shape of the target. Making full use of the constraint
conditions on the geometry of the object and using a
single camera single photo to determine the spatial 3D
pose of the object.

(2) Geometric similarity method: According to the
perspective projection model, the object and its image
meet the resemblance relation. As long as the desired
parameters are extracted from the image and the actual
amplification factor is multiplied the actual geometric
parameters of the object can be obtained.

(3) Geometrical optics method: The measurement of
geometrical optics method can be divided into focusing
method and out of focus method. Focusing method
requires the focal length be changed continuously.
Therefore, the hardware is complex and expensive, the
processing speed is slow and measurement is not
accurate. The rule of out of focus is to calculate the
distance between the measured point and the camera
according to the calibrated model. It avoids the problem
of finding the exact location of the focus and reducing
the efficiency of the measurement.

(4) Structured light method: Using laser as light
source to generate points, lines, surfaces of various
structural light. It uses CCD camera to receive and a
certain algorithm is used to obtain the 3D information of
the measured object carried by the structured light [11-
12]. Because the shot field is a geometrical figure of a
rule and the shot placement is identified with a fixed
shape of the target under the system implementation,
here we mainly combine the geometric similarity
method and geometry constraint method to carry out the
planning of the system.

2.2 Modeling of the shot result measurement system
(As shown in figure 1)

$2.135m

B toe board
C landing area of Shot-put

Figurel: plan view of shot field

We can see from Figure 1 that the shot of sports
venues consists of a standard concentric circle which is
divided into the throwing circle, toe board and shot
landing area. Diameter of throwing circle is 2.135m.
The inner edge of toe board and the inner edge of
throwing circle are overlapped. The plate width is 11.2-
30cm. The landing area is the sector area of 40 degrees
which considers the center of the throwing circle as a
starting point. Assuming that O is a starting point for the
throwing distance of circular arc (Origin of coordinate
system), r is the radius of the circle and C is a throw

point. The coordinates of C points are C(X.,Y, ) and

the score of throwing shot is S = 4/ Xc2 +YC2 -r Q)

2.3 Longitudinal calibration geometric model (As
shown in figure 2)

Figure 2 Longitudinal calibration geometric model

It is shown as figure 2 that point A and D separately
refers to the nearest distance and the longest distance in
front of the camera, point B and C are separately the
camera view and camera base. It is also easy to see that
DF is parallel to camera imaging plane, but BH is
perpendicular to the imaging plane. Supposing the
longitudinal resolution of the image plane is Dy and Mi
is the ith point in Dy equal diversions points of DF.
Then we can find the crossover point Gi of both BMi
and AD by parallel line theorem and sine theorem of
triangle, and get the Dyth points in AD. Specific
calculation method is given below:

AC
=arctan(—
B (B C)

DC AC
=1 arctan(=)-arctan(— } 2).
a 2[ (BC) (BC) 2

Z/BAC :arctan(E)
AC

Through formula (2) and triangle relation, we can
get that /F=90°-« , meanwhile,
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DB=y/BC2+(AC+AD)’

AB=yBC2+AC?
DFzsm_(ABAC)xAD
sin(£F)
_sin@+h), \p

sin(£F)
BF=AF+AB
From both formula (2) and (3), it is given below:

@)

i

FmM=> 2F
j=1 Dy
_ SI(@+f) ey
'“sin(«BAC) ' 4)
, sin(ZF)
iMj=—————"xFM;
sin(£BAC)

BM/=BF -FM/

For above formula, i=l, 2,---,Dy. So, we can get

from formula (4) that AG;=ABx I\éI'\I\/I/I: (%)

i

At the same time, in formula (5), AG; refers to the
prospective field of vision of image plane in ith line that
correspondence to ground level. Supposing Hy is a
collection of all prospective horizons, then

Hy={AGy, AGy,---, AG,, |0<n<Dy} (6)

We can get the mapping function from plane vertical
coordinates to vertical coordinate of ground plane
through the collection Hy and the drawing rules of shot
field (see as figure 1).

Yp=Fy (V)=(nin Al +T)xc08(20°)+h,  (7)

In above formula (7), Y, is the vertical coordinate of

ground plane P, V is the imaging plane vertical
coordinate corresponding to the point P, I, is lower

limit of shot effective performance. Moreover, Al is the
whole effective measurement range under the shoot and
the reserved width for both up and down sides, h, is the
corresponding prospective field of vision for the vth line
of imaging plane.

2.4 Construction of shot performance measurement
data model with guidance of the visual measurement
technique

From figure 1, we get the ground plane coordinates
of four points Q1, Q2, Z1 and Z2. If the arc Z172 is

i H LZlZZ

divided into n numbers of segments, then N = D—
C

among which, the L, ,, refers to the length of line

Z1Z2. Now, we know the Z1(x0, y0), then we can get
the coordinates of other n-1 points in line Z1Z2. The
calculation formula is as follows:

Xy =X +Y@ sc0s(70°+40°/n) (8)

Vi =Jx§+y§ ecos(70°+40°/n) (9).

Next, we need to divide the line Q1Z1 into m
L

Dc
Loiz; is the length of line Q1Z1. According to above

171
number of segments, M = Q

, among which,

two formulas (8) and (9), it is not hard to obtain the
plane coordinates of n-1 points in m numbers of arc.

3. Shot performance measurement system under the
guidance of the visual measurement technique

3.1 System composition

3.1.1 Foreground acquisition system

The foreground system consists of CCD digital
video, camera stand and its mounting box, computer,
image acquisition software and placement target of shot,
its main workflow is shown as figure 3.

extracting athlete information [+

v

giving throw introductions

v

getting the placement shot
pictures

L 2

uploading pictures to database
I

A 2

waiting for measurement results

v

receiving and broadcasting
athletes' performance

Figure 3 Main system working flow
3.1.2 Background measurement system

The background measurement system is the core
of the whole system, whose function includes creating
matching network, getting information about the
athletes and measurement images and measuring the
shot performance [13-14].
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o X
Figure 4 Network schematic diagram of shot field

3.2 Image acquisition platform

In this system, Windows XP was used as the
operating system and Delphi 7.0 was used as software
development language. In the processing of image
acquisition, this system firstly decoded frame for video
gotten from CCD video camera, then saved the frame of
placement of shot as the BMP format. Finally, all these
information were analyzed, which means that the image
acquisition is finished.

3.3 Network transport
3.3.1 Design of network transportation structure (As
shown in figure 5)

Background DB Sever Foreground

measurement PC1 acquisition PC1
== G N P~ |

Background ; \ Foreground

-

measurement PC2 __-- acquisition PC2

Foreground
acquisition PC6

Background
measurement PC6

Figure 5: Network transport structure

It is seen from figure 5 that the network transport
structure contains many acquisition PC, one more
measurement PC, database server and network physical
transmission equipment. If this system was used in basic
sports, then it is better to use one background
measurement PC and one foreground acquisition PC.
Meanwhile, the data base is included in the background
measurement PC.

3.3.2 Realization of single transmission method with
one single socket

In this system, Delphi7 was used for network
transmission because it is able to carry out a good
package for all kinds of functions of WinSock data,

which leads the programming easier to be understood
[15].

Message command

Data stream N..... Data stream 1

Figure 6 working schematic diagram of single socket
and single transmission

The network components which used for
encapsulation in Delphi7 are divided into ServerSocket
and ClientSocket. For ClientSocket, it sends a request to
the server and automatically establishes a connection,
and Serversocket mainly receives the client request,
listen and passively accept the connections from the
clients. Moreover, the ServerSocket is able to establish
connection with multiple ClientSocket simultaneously
and keep its communication.

3.4 Implementation of  Shot
measurement system
3.4.1 Implementation technology of Delphi

performance

The Delphi, as the rapid application development
tool of Windows platform, offers the ScanLine function,
meanwhile, in the process of dealing with bitmap in
Delphi, it can be used as the processing unit to improve
the processing speed and finally simplify the processing
operation.

‘ TCanvas ‘

‘ TPicture ‘

Image ‘ TBitmap ‘
programming -<

object ‘ TPan ‘

‘ TImage ‘

‘ TGraphic ‘

Figure 7: Delphi image programming object diagram

3.4.2 ldentification of Shot placement coordinates

In this paper, the background subtraction method
was used to identify the shot point coordinates, which
have two main characteristics that using a static
background in the current measurement environment
and recognizing the target by the difference between
background images and measurement placement
images.
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3.5 Principle of cross ratio invariance

This paper applied with camera imaging model with
first order radial distortion and completed the
calibration to image point by principle of cross ration
invariance, which can be seen from figure 8.

S

Figure 8 Orthogonal invariant graph

It can be seen from figure 8 that there are three
points A, B and C on the straight line L, supposing that
point A and B are the basic point, and C is the point of
division. Meanwhile, the ratio of two directed line
segment determined by division point and basic point is
called simple ratio, shown as below:

AC

Then for four points on the same straight line, specific
value of two simple ratios is named crossratio, it can be
gotten from figure 8 that

SR(A,B,C)

CR(A B,C, D):SR(A 5.0)

(11).

This can be proved by the geometric relations of the
triangle that

CR(A,B,C,D)=CR(A,B;,C;, D)) (12).
The formula (12) is the cross ratio invariance, whose
principle can be used to solve distortion coefficient.

shot

3.6 Actual application of

measurement system

performance

In order to detect the shot performance measurement
system, we obtained 800 test samples of physical
education examination of Zhejiang province from 2013
to 2015. There are 800 images of shot put placement
and 800 dynamic background images. We carried out
the actual data measurement for those 800 simples by
matching network. Table 1 is the measurement results
of 8 simple in one group among those 800 simples,
which conforms to requirements of measurement error.

SR(A,B,C) BC (10),
Table 1 A group of measurement data among 800 simples

serial name gender Artificial measurement System measurement

number 1 2 3 1 2 3
092 Le xx male 8.3 8.6 8.8 8.3 8.6 8.8
093 Zhang xx male 5.3 6.6 5.6 5.3 6.6 5.6
094 Yang xx male 8.7 8.5 8.8 8.7 8.7 8.8
095 Chen xx male 5.2 6.2 6.9 5.2 6.2 6.8
096 Jiang xx female 5.0 5.7 55 5.0 5.7 55
097 Li xx female 5.7 6.0 5.6 5.7 6.0 5.7
098 Zhu xx female 5.1 4.9 5.0 5.1 4.9 5.0
099 Wang xx female 5.7 6.1 5.9 5.7 6.1 5.9

4. Discussion and conclusion

In this paper monocular vision measurement
technology was applied to the measurement of the shot
result for the first time. Combined with the
characteristics of shot field, this paper proposed rules
based on the same field geometry calibration method
and mathematical model of matching based on the same
field of view object coordinate transformation of grid.
The accuracy and stability of the method were proved
by the practical application [16-17]. Firstly, the paper
analyzed and explained the method of monocular vision
measurement. On the basis of combining the
characteristics of shot put and site it was proposed to
model the shot put performance measurement system.
The geometric model of longitudinal calibration was
introduced in this paper and it completed the

construction of shot performance measurement data
model under the guidance of the visual measurement
technique [18-19]. Secondly, it introduced in details
about the realization method of the system structure,
image acquisition platform, network transmission and
shot put performance measurement model and put
forward a more complete solution based on monocular
measurement system. It also introduced the principle for
constructing the system of cross ratio invariance. Lastly,
the actual application of shot put performance
measurement system was carried out by using grid
matching method to know that the results of the
measurement of the system are in line with the
requirements of measurement error [20].

In conclusion, sports shot performance measurement
system established under the guidance of vision
measurement technology has the advantages of
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convenient operation, simple structure, low cost, high
efficiency, fast speed, wide application range and so on.
It is applicable to all kinds of size of sports event
statistics and decision and the operation is good as well.
Thus it has good commercial value and application
prospect.
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Abstract - Soccer robot is a multi-intelligence system intersected and integrated by multi-disciplinary,
which involves in Robotics, control theory, pattern recognition, mechanical engineering, material
engineering, Multi Sensor Fusion Technology and so on. Robot soccer game develops the past study
object of single agent into distributed multi agent; static research environment evolves into dynamic
research environment; and non-real-time processing problems grow to real-time processing problems.
Therefore, that is to say, robot soccer is the second milestone in the development of artificial intelligence
after computer chess, which expands artificial intelligent technology to a new horizon. Because the
conditions that the real robot soccer game needs are difficult to fulfill, robot soccer simulation game
comes out. And the decision and path planning problems of soccer robot are studied by this under a real-
time oppositional environment. The path planning is an important part of decision subsystem of soccer
robot. In the soccer robot game, the path planning of soccer and robots belongs to a planning and control
problem in an unknown dynamic environment, and its pros and cons will directly affect the result of the
game. Based on the background of soccer robot, this thesis focuses on the path planning problems for
further study, and proves the accuracy and validity of the theory and methods put forward in the study
with emulation proof.

Keywords: Robot soccer; path planning recognition; simulation system; particle swarm optimization.

1. Introduction

Since the birth of the robot, it has been widely used
in many fields including agriculture, building and
medicine, and also played a more and more important
role in people’s life[1-2]. There are three developmental
stages in robot: from the first-generation playback robot
repeating single actions to the second-generation robot
having feelings, and to the third-generation intelligent
robot with high scientific and technological content and
wide usage. The study of soccer of robot is based on the
third-generation intelligence robot [3]. The soccer robot
attracts more and more people’s attention and welcome
since it was put forward. It is not only a competition
event with charming sports competition, but also a
scientific research subject with high scientific and
technological content, large development space and
strong innovation [4]. Soccer robot can simulate football
players to make a series of movements, such as
judgment, recognition, analysis, control and so on. The
soccer robot is also involved in a variety of technologies
and multi-field disciplinary knowledge, which can
promote the development of engineering research field
in colleges and universities. And now, the more
competition events soccer robot has, the higher
technical content it has. And its development injects
new vitality to artificial intelligence [5-6].

Path planning is the robot can plan a shortest path
that can avoid obstacles from the starting point to object
point in environmental space, and its performance also

can serve as a standard to measure the intelligence of
soccer robot [7-8]. With the development and
innovation of Computer Control Technology, the
methods of path planning for soccer robot are more and
more mature, which is more and more suitable to reflect
intelligent robot and accurate path planning [9].

Although many algorithms of path planning have
their own advantages, the algorithms of path planning
are under constant improvement for the optimal path
when the robot can efficiently and safely avoid the
obstacles in a complex and dynamic environment. In
dynamic and uncertain environment of robot, the partial
path planning can combine with overall path planning to
learn from each other in order to achieve better
timeliness and accuracy of soccer robot [10-11].

Many experts and scholars at home and aboard have
studied for improving the soccer robot path planning.
For examples, Su W [12] and other experts have studied
the path planning problems based on the improvement
of artificial potential field, which achieves the matched
objectives of improving the path planning; And
Mansury E [13] put forward artificial bee colony
algorithm and cubic Ferguson Splines and has a study
for path planning problems.

Based on the above situation, this thesis, on the basis
of particle swarm optimization, studies the path
planning problems of soccer robot in the context of
simulation environment.
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2. Simulation system of soccer robot
2.1 Basic movements of soccer robot in simulation
system

(1) Motion

The motion of soccer robot contains translation and
turning. According to these two movements, soccer
robot can achieve all kinds of motion trajectory [14].
When the two wheels’ velocity and steering of soccer
robot are same, the motion trajectory is in rectilinear
motion; when the velocity and steering of the two
wheels, the motion trajectory is in turning motion. In
addition, the movement of soccer robot can use
functions to achieve when it directly moves to one point
or turn to one angle.
(2) Kicking the ball

Because of changeable soccer position, the soccer
robot needs to know soccer’s coordinates when the
robot hits the ball before performing the movement of
kicking the ball. Under this circumstance, the dynamic
environment robot soccer and neutrality line with
smaller calculated amount are quite practical. Specific
implementation method is as follows: the robot is in
position R, and the ball is in position F, if the ball wants
to be kicked in position G, the robot should follow the
intersection of perpendicular bisector of ligature
between R and PF and Reverse extension line of FG and
ligature F1; when the robot moves to next position R1,
it should adjust its direction of motion again. After
several direction of adjustment, the robot can adjust the
direction of kicking the ball.
(3) Interception

Interception of Soccer robot includes interception of
ordinary player and goalkeeper [15]. Given that no
collision with other robots was involved when dribbling,
case is simplified and dichotomy can be used because
movement of the robot and ball can be regarded as
uniform motion. Following are sketch maps, Figure 1
and Figure 2, of interception of soccer robot and ball.
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Figure 1 Dichotomy interception principle of ordinary
player (R represent soccer robot, F represents position
of ball when robot arrives at ball’s trajectory.)

Figure 2 Process of goalkeeper’s interception (F
represent ball, G represents goalkeeper, and C
represents cross-point of F and G)

(4) Shoot

It’s vital to set a goal before shooting. When robot kicks
the ball, one can easily associate it with table tennis
because robot and ball is sphere on AI-RCJ soccer
platform. Thus, this thesis designs a shoot method based
on thoughts of playing table tennis, and it is shown as
follows.

Figure 3 Table-tennis shoot (A represent soccer robot,
B represents soccer, C represents destination of soccer
robot.)

2.2 Construction of soccer robot’s stimulation
system

(1) General architecture

In terms of hardware, soccer robot system was mainly
consisted by four parts [16], which is shown as
following Figure 4:
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Figure 4 Architectures of soccer robot system
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(2) Motion model of soccer robot

Soccer robot drives the wheels on both sides with a
small car, thus motion model of the soccer robot and the
small car is the same. Robot car launch radio signals to
control the speed of the two wheels, which means to
adjust the speed and direction of the robot, to move
towards the destination. Assume that R is the radius of
rotation, and S and theta are arc length and central angel
of the car moved in unit interval respectively; A
represents position of the car at time t and B represents
position of the car at time t+At. Suppose no sliding
between the wheels and floor, car makes circular motion
from position A (X, Y, theta) to position B (X+0x,
Y+Ay, thetatAtheta) after time At, and S; and S,
represent distance of the two wheels moving from A to
B respectively. L represents distance of the two wheels.
When the car goes straight, Atheta = 0 and
sin (Atheta/2) = 0, thus formula is shown as follows,

{X =S - cos(theta )
(2-1)

Y =S -sin(theta)
From formula (2-1) shown above, it can be

concluded that if sample time At is short enough, actual
moving track will be quite similar to ideal model.

3. Soccer robot’s path planning based on improved
particle swarm optimization

3.1 Adaptability function based on global path

Y= i\/(xji - in—l)z + (yji - yj'i_l)z (3-1)

Adaptability function is the base of particle swarm
optimization and the standards for particle swarm
optimization to measure and judge the fitness of particle
[17]. Based on the optimal path, this thesis takes the
length path of the robot as adaptability function to
weight balanced all parameters of waypoints. If there
are no obstructions, path planning is based on the length
of present position and object position. If the obstacle is
within the detection range of the robot and the
coordinate, particle swarm optimization can be applied
to find a shortest path by the soccer robot. In this case,
adaptability function of the particle swarm optimization
can be divided into two parts includes (MDpath length
between the robot’s present point and the next predicted
position. (Zpath length between the robot’s next
predicted position and object position. In order to
optimize the global path planning, those two paths
should be weighted. When the robot is moving along
track j and all points i on the track form the shortest
path, adaptability function should be as follows (3-1),

Y = i\/(xji - in—1)2 + (yji - yji—l)z (3-1)

Coordinate (x;i ,y;i) represents of point i on the track
j, so the next predicted position of the robot path
planning is (Xj, ,Yj»). Connect (Xj, ,yj») and object
position (g;, ¢,) to calculate the path length which is
show as following formula 3-2,

Yo = \/(Xjn - 91)2 + (an - 92)2 (3-2)

Thus, this adaptability function represents the weight
sum of above two functions which is shown as
following function 3-3,

Y =AY +BYg, (3-3)

3.2. Adaption of security constraint function

During a soccer robot competition, security should
take into consideration to avoid obstacles because
soccer robot has a definite volume. If Assume that
soccer robots, in the motion region, are circles of radius
r, critical safe distance is 2r when two robots colliding.
Security constraint function can be shown as following
function 3-4,

0B(i)= min{o,[\/(xji ~xf+(y, -y f —Zr}} (3-4)

Function 3-4 can be analyzed based on Fgureb.
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Figure 5 Constraint function sketch
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As Figure 5 shows, there are no obstacle on the way
of robot from the start position to the object position
when robots of the other party is outside the critical
security region which is the dash area shown in the
Figure. Thus, path planning is the connected lines of the
two positions. In order to increase safe coefficient of
obstacle avoiding, width of this safe region should be
4r. Constraint function of the straight path is finite
element boundary. Figure 5 shows the safe region which
can be set as following function 3-5,
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y = kx

kx—2rvl+k® >y (3-5)
kx+2rvyl+k* <y

3.3 Particle Swarm Optimization in the dynamic
environment

The race environment of the soccer robot is
dynamic, complex and uncertain. Since most obstacles
in the court are mobile, it is important to control the
speed of the soccer robot in order that the soccer robot
can successfully avoid obstacles. Particle Swarm
Optimization is a algorithm to describe global path
planning, but simulation analyses can be made for the
algorithm in the dynamic environment as a result of the
environment of polar coordination and model and its
strong global and local searching ability. Blocking robot
and moderate speed [18] of the objective point can be
introduced to it. The moving blocking robot and pace of
the objective point can be described as follows:

Obpoint (1, 1)=obpoint (1, 1)+Vo (1) ;

Obpoint (1, 2)=obpoint(1, 2)+Vo (2) ;

Gpoint (1) =gpoint (1)+Vg (1) ;

Gpoint (2) =gpoint (2)+Vg (2) ;

Via above means speed vector of obstacles and Vg
means the speed vector of objective point.

3.4. Processes to improve algorithm

There are two parts for the way to make path
planning in the use of particle swarm optimization: one
part is path planning, and the other is particle swarm
optimization. The path planning part generally contains
the setting of initiation parameter for moving area of the
robot, searching path of the robot and its visible
drawing, which are bases of path planning simulated
program. When the robot meet obstacles and can not
move in straight line, the particle swarm optimization
works to make path planning, including algorithm
initiation  program, fitness  function, obstacles
inspecting, changing program of polar and rectangular
and so on.
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Start , J
the P is the radius
ma .
as the coordinate,

Ewvaluation of
individual fitness

h J

Whether to
meet the

F(Xi)

Setting dividing it into M
parameters equal parts
v

Generating initial

population X CXi, Vi?

constraint i E_Vi;ua??': of
conditions Inaivi ;‘&i]' ness
r
Pbesti=Xi, -
. gbest=argmi F;ect?gl
Generating n{F(Xi)}i=1,2, ...n achieve the g |
path maximum optimal
* number of Valrl.:;_elof
- Carrying out the iterations pacirl'l?c::
operation with the p
improved particle v _
swarm algorithm Outputting
result
|

Figure 6 Path planning flow chart through particle swarm optimization

From the chart 6, it can be seen that in the algorithm
of describing the path of the soccer robot, the soccer
robot makes pre-judgment in every circulative iteration
process. If the robot meets obstacles, it will make path
planning in using of particle swarm optimization,
otherwise, it will move straight ahead. Meanwhile,
obstacles are moving in circulative iteration. So, the
soccer robot, both moving obstacles and object point are
carried out in the polar coordination environment and
algorithm path planning, and path planned through this
way is the most favorable one.

4. Inspection and analyses
4.1 simulation experiment

Comparative  analyses are made  between
unimproved and improved standard particle swarm
optimization algorithms, and parameters are set as
follows:

Standard PSO algorithm: Group size, namely m, is
set as 50. Learning factor cl and c2 is 1.5. o is set as

Wy — D,

®= o, ——"=—" %k, in which wmax=0.9,
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wmin=0.4, decreasing progressively from 0.9 to 0.4 as
the increasing of iteration times. Iteration times, namely,
GK is 300.

Improved PSO algorithm: Because of the newly
initiated particle swarm, group size here is set as 100 so
as to find the position of most optimized solution.
Learning fact c1 and c2 is 15 o is set as

Doy — Ori
=0y — maXK MO« K, in which wmax=0.9,

wmin=0.4, decreasing progressively from 0.9 to 0.4 as
the increasing of iteration times. Iteration time is 300.

Simulation results of the two algorithms are as
follows:

Table 1: Simulated Data of Unimproved and Improved
PSO Algorithm (*e+003)

Max1 Minl Max2 Min2
1 3.1896 0 3.2153 0
2 3.2507 0 3.1242 0
3 3.2659 0 3.3369 0
4 3.1756 0 3.2748 0
5 3.7489 0 3.3573 0
6 3.1524 0 3.4186 0
7 3.2109 0 3.7462 0
8 3.5968 0.6589 3.1246 0
9 4.1532 0 3.2015 0
10 3.8062 0 3.3595 0
11 3.1550 0 3.4806 0
12 3.3198 0 3.1107 0
13 3.9883 0 3.1984 0
14 | 3.6805 0.4295 3.56862 0
15 3.4185 0 3.1486 0

Table 1 shows the simulation data after the two
algorithms have ran for 15 times. Max1 and Min2 are
respectively the maximum and minimum of fitness
function after standard PSO algorithm has ran for 15
times; Max2 and Min2 are respectively the maximum
and minimum of fitness function after improved PSO
algorithm has ran 15 times.

4.2 Results analyses

From Table 1, it is clear that standard PSO algorithm
is tapped in local optimum for twice in running for 15
times. But is has reached a certain precision. Improved
PSO algorithm is not tapped in local algorithm in
running for 15 times, which shows the strong reliability
of the improved one. Through comparing the average
fitness of the two algorithms, it can be seen that
standard PSO algorithm reaches the local optimal value
in the 40th iteration, and the improved one in the 5th
iteration, indicating that the improved algorithm works
better than the standard one in the rate of convergence
with stronger reliability. When the improved algorithm
is applied in path planning, it can be found that particle
swarm is initiated in each iteration so that the problem

standard PSO algorithm is easy to be trapped in local
optimum is solved. At the same time, the improved
algorithm can be used in path planning in dynamic
environment and proves the conclusion. Final result
show that the simulation path of the standard PSO
algorithm is 10419.45mm in length, iteration times is
300, that the time simulation experiment takes is
1.5315s, and that the average iteration time is 5ms; the
simulation path of the improved PSO algorithm is
6514.4mm in length, iteration times is 134, that the time
simulation experiment takes is 0.44712, and that the
average iteration time is 3.34ms. It proves that the
improved algorithm works better than the standard one.

4. Conclusion

Soccer robot is a system with multiple intelligent
agents. In the race filled with complex, dynamic and
unpredictable factors, the key and difficult point to
study robotics and artificial intelligence is its path
planning. Analyses are made in the paper about how
soccer robot makes the confrontational path planning in
the dynamic environment through the improved PSO
algorithm. Through improving PSO algorithm, it is put
forward the fitness functions and safety degree
constraint function in the certain environment so that the
path planning is more reliable, and the dynamic
programming period of velocity vector is introduced to
meet the dynamic complex environment. Finally, both
standard algorithm and the improved one is applied in
simulation checking of path planning. Results show that
the improved algorithm is better than the standard one
in path length, simulation time, iteration times, the rate
of convergence. Thus, the improved algorithm is of
more feasibility and effectiveness.
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Abstract - Sailing is an aquatic sport that sailor manages the force of the wind on the sails to steer and
race pace within a certain competition area. With no mechanical power, sailing is wind-powered of sail
wing, thus aerodynamic performance of sail wing is vital in sailing. Creating a models based on
numerical modeling is a premise to study aerodynamic performance of sail wing. Different modeling
method of the model will make a great different in numerical accuracy and calculating work. In
conclusion, it’s necessary to study the modeling method of numerical modeling of aerodynamic

performance.
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1. Introduction

Sailing is an aquatic sport that sailor manages the
force of the wind on the sails to steer and race pace
within a certain competition area. With no mechanical
power, sailing is wind-powered of sail wing, thus
aerodynamic performance of sail wing is vital in sailing.
Sailor needs to adjust angle of the force of the wind on
the sail to keep the sail craft moving forward fast and to
generate the maximum of power of the wing, thus
sailing is a high intellectual sports [4~6]. Study on
aerodynamic performance of sail-wing is carried out by
three aspects: experimental study, theoretical analysis
and numerical modeling. To some extends, numerical
modeling have a deeper insight into fluid mechanics
than experimental study and theoretical analysis because
it can detect the integral or partial small disturbance.
Study on fluid dynamic performance of sailboat used to
based on unsteady and steady potential flow theory of
numerical modeling to calculate relevant values.
However, there would be flow separation phenomenon
whether it is windward, crosswind and leeward or not.
In this case, effect of viscosity on calculation result
should not be ignored. Generally, finite element method
is one of the frequently used numerical methods, which
discrete continuum body into an aggregation of finite-
sized units to solve continuous mechanics problems
[7~9].

Before design a model, reasonable programming
model, reasonable analysis of problems to be solved and
goal-set should be done in order to achieve desired
outcome. When designing a model, reasonable
modeling method should be choice after take time-
consumed and accuracy of calculation results into
consideration. Therefore, appropriate modeling method
is the key to the correctness results of numerical
modeling of sail wing’s aerodynamic performance.

CATIA is of strong 3D design capacity, abundant
product solutions, user friendly interface, strong surface
modeling, and rich functions [10~12]. CATIA has a
strong hybrid modeling ability and interactive operation
can be implemented no matter is it surface modeling or
solid modeling. Working hour is greatly reduced
because CATIA uses only one database which ensures
data transmission, strengthens model’s generalized
ability, and operation in different systems can be done
individual at the same time. Besides, CATIA hierarchy
system is correlative, which is like the parent—child
relationship of Window’s operation interface. When
parent system changes, so does the child system. Take
surface modeling as an example, when one of the
control points of the surface changes, position of the
line box and surface relative to this control point will be
changed [13~15]. This thesis is to study the modeling
method of numerical modeling of sailing wing’s
aerodynamic performance based on modern CATIA.
According to the study, modeling methods, applicable
for fluid dynamic performance of sailing wings, is used
to provide scientific basis to fluid dynamic performance
study of the sail wing.

2. Aerodynamics of sailing wing

As shown in following graph 1, sailing wing is a
camber with no thickness. When airflow W past sail
wing at an angle of a, the air speed of the upper surface
is accelerated while of the lower surface is decelerated,
thus the upper surface is suction surface while the lower
surface is pressure surface. Resultant force of suction
and pressure is aerodynamics N. Resultant force N is
perpendicular to AB, which is upward.
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Figure 1: Graph a sailing wing’s atress

When airflow passes sails, friction resistance F is
produced and its direction is the same with the surface
of sail’s. Generally, friction resistance F is lower than
resultant force N, thus friction resistance usually can be
ignored. Resultant force of F and N is total aerodynamic
P.

Profile lift force of sailing wing is denoted by [ .
Lift coefficient is denoted by C, . And relation between

L and C, shown as follows.

L

C,=——— 1
b 1/2p0%S @

Relation curve of lift coefficient and attack angle is
detonating the typical characteristics of lift force, which
is shown as Figure a. With the increasing of attack
angle, lift coefficient is rising perpendicularly and
reaches the maximum at a certain attack angle. If the
attack angle keeps increasing, life coefficient will
decline rapidly. The phenomenon of lift coefficient
declining and resistance increasing is called stall
phenomenon, which is caused by flow separation.
Generally, stalling angle of rigid wing is at 10 to 20
degree while stalling angle of flexible wing is at 30
degree which is bigger than the former. Therefore, when
adjusting the sailing wing in sailing or sail boarding,
sailor has to avoid stall phenomenon and keep a
relatively big attack angle [16~18].

Surface friction drag and pressure drag (form drag)
make up profile drag. Force of the profile drag is closely
related to the attack angle size and profile parameter,
which is determined by experiment. Profile resistance

D is denoted by resistance coefficient C :
D
Co=rc 32 @)
1/2p0°S

Typical expressive method of resistance curve is
similar to that of life curve. In practical application,
polar curve is frequently used to describe wing’s
dynamic characteristics. This means that relation curve
of lift coefficient is denoted by drag coefficient, which
is shown as following figure b and named pole figure.

G

figure a figure b

Figure 2 Graph b life coefficient and pole figure

3. Establishment of geometric model based on
CATIA

The prerequisite  of numerical modeling is
establishing a geometric model because the established
geometric model will directly influence the accuracy of
numerical modeling. The more similar of geometric
model to real object, the more accurate of numerical
modeling results will be. However, is it very hard to
establish a model which is exactly to the real object
because that kind of model is demanding in modeling
software and modeler’s proficient level of modeling
software and computer. What is more important is that
the model established will affect quality of mesh
generation of next step. Complicated model makes mesh
generation more difficult and lowers the quality of local
mesh. Therefore, model can be simplified according to
focuses of those researched question and the influence
level of real objects to focuses [19~21].

After take into consideration of all advantages and
disadvantages of all kinds of modeling software and
interface compatibility of ANSYS software, this thesis
establishes entity modeling of wing with CATIA
software, an advanced hybrid modeling technique, to
establish a model which is more close to real wing. The
shape of sailing wing changes under the wind power
and is influenced by different design materials and flow
field force. Besides, the changed sailing wing exerts
influence to flow field around it, which, in turn,
influences the shape of sailing wing, thus sailing wing’s
modeling is complex. In this thesis, there are following
hypotheses:

(1) According to kinetic theory, free path of gas

molecules is 10 mm. Compared to characteristic
length of sailboard and sail wing, this free path is higher
order small, which means | / L<<<L. Thus, air inflow
of sailboard pumping is considered to be continuum.

(2) Flow is steady.

(3) If flow rate are small enough compared to
sound velocity and mach number M
and M=U/a <0.25, compressibility of air is
negligible. Speed of sound in air is denoted by a and
a=340m/s=1225km/h. when sailboard pumping, the
fastest speed is nowhere near speed of sound. Pressure
and temperature in flow field changes slightly compared
with that of in free flow, thus corresponding density
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changes can be ignored, which means air is
incompressible and density is invariant.

(4) Air temperature in flow field is invariant during
sailboard pumping.

(5) Wing is of a rigid film sheet if the wing makes
no change.

(6) Sail is pumped with uniform velocity.

(7) Hull and sail system never tilt and is
perpendicular.

4. Flow field simulation of sailing wind and
aerodynamic calculation

Partition of computation grid is the most timing-
consuming part in numerical simulation process,
because the accuracy of numerical simulation result or
even the convergence of numerical simulation relies on
the grid quality. Research have that computation
accuracy can be further improved by improved grid
quality than improved calculation formulas. Therefore,
more attention should be paid to controlling the grid
quality in the improvement of computational accuracy.

This thesis makes modeling with structured grid,
unstructured grid and mixing network respectively. In
order to compare the computation impact of three
modeling approaches, it should use the same
computational domain of which the bottom chord of
sailing wing is 6 times in the front, 6 times on the right
and left, 6 times upside and 10 times rear. Incoming

flow direction is kept with 30, and Realizable k—e&
model is selected for turbulence model to calculate
respectively aerodynamic performance and flow field of
different types of grid and quantitative models in the
same operating condition. In the calculation, the inflow
velocity is 6m/s, Reynolds number is Re=0.92x10"6,

and Realizable k—¢ model is selected for turbulence
model.

Realizable k—e model Vi is not a constant that
should be related to strain rate and put forward

Realizable K=& model [22~23]in order to conform to
the physical law of turbulence flow. This model brings

in rotation and curvature. Vi is defined as

2
v, =C, K
& 3)
C,. ,
Uis expressed as follows:
C,=— Uk
A+ A ——
¢ (4)
Among this:

U”=./S;S; +2,Q; -

. ou.
S =%£%+a—’]
Uj U; )

_1f oy ay;

"o2(eu; au,
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Turbulence energy K is calculated by the following
ok oluk) a H v, J o
—+ V4+—

= — |+G-¢
oy ) OX; ®)

At ox. ox
equation: ) )

In the form, the represents dissipation rating of
turbulence energy, G is defined as follows:

ou, 0u; \au,
_+_ —_—
OX;  0X ) OX;

G=y,
©)

Dissipation rating € of turbulence energy is defined as:

o\u;
X X;  OX; o, ) oX, (10)

J J

Realizable K=& model:

2
&

Sg = Cglss _C&‘Z N
k++ve (11)

In the above formulas,
o =1.2 ng =1.9

C,= max(0.43,i

77+5j, and among them,

n=Skl/e

5. Computation result and analysis
5.1 Resistance coefficient

According to the computational formula of
resistance coefficient:

D

C.———
® 1/2p8U2 12)

Among them, D represents resistance, S

represents compression area, 2 represent apparent

wind. In the computation, Ua is inflow velocity with
6m/s, compression area is about half of total surface
area of object of study. The computation result of fluent
is as following table 1.
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Table 1 Resistance coefficient

Type of network Resistance coefficient
Structured network 0.531
Unstructured network 0.562
Mixing network 0.582

Compared with 3 computation results and experimental
values, the error is:

C

. ( D(computation results) —

Co C

C

E

D (experimental values) )100% ,

D (experimental values)

the result is as following figure 3.

i Structured network

non- Structured network

error (%)

Hybrid network

-15 -10 5 0

Figure 3: error analysis acquired from Resistance
coefficient and experimental values by different
numerical procedure

5.2 Lift coefficient

According to the computational formula of Ilift
coefficient:

L

CL=———
1/28U° 13

Among them, L represents lift force, P represents
air density, S represents compression area, and Ua

represents apparent wind. In the computation, Ua is
inflow velocity with 6m/s, compression area is about
half of total surface area of object of study. The
computation result of fluent is as following table 2.

Table 2 Lift coefficient

Type of network Lift coefficient
Structured network 1.274
Unstructured network 1.286
Mixing network 1.322

Compared with 3 computation results and experimental
values, the error is:

C

L (computation results)
EC — ( (comp )
L

C

C

L (experimental values) )100% ,

L (experimental values)
the result is as following figure 4.

error (%)

I Structured network

non- Structured network

Hybrid network

-4 -3 -2 -1 0 1

Figure 4: error analysis acquired from Lift coefficient
and experimental values by different numerical
procedure

From the figure 3 and figure 4, although all the three
numerical procedures: structured grid, unstructured grid
and mixing grid have errors in the simulated results and
experimental results, their errors are small. Because all
the unstructured grids of numerical procedure adopt
unstructured grid whose quality of grid generation is
hard to guarantee and is easy to have gridding with
bigger curvature. And in the meanwhile, due to the
larger number of gridding, numerical computation costs
too much time. Therefore, computational accuracy,
modeling time, computational time consumption and
other factors are taken into consideration to adopt
mixing grid to compute the sailing wing on the premise
of guaranteeing accuracy.

6. Conclusion

First, this thesis discusses and ensures the model and
condition of sailing wing’s aerodynamic numerical
computation. And then, it introduces and analyzes the
result of numerical simulation, which includes the
analysis of resistance and lift. The difference of
numerical computation results under the three different
modeling approaches is analyzed in detail. And from
that, the simulation result of structured grid is not more
real. Although the structured grid is easy to converge
and significantly decrease time consumption and
memory space, if the size of structured grid is larger, it
cannot catch geometrical information of object of study,
so the error of simulation result would become larger.
Therefore, if computing power permitted, it should
refine the grid as much as possible, especially the more
concerned part. The mixing grid is more suitable for the
computation of sailing wing.
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Abstract - With the development of competitive sports, some people with disabilities are also involved in
the sports. In order to provide superior transport for the disabled, experts and scholars in many countries
has conducted the research on the intelligent wheelchair. In this study, an obstacle avoidance strategy
based on the strategy conversion mechanism was established according to the specific circumstances of
the disabled athletes in the process of movement. In combination with the improved fuzzy neural network
(Fuzzy Neural Networks, FNN) and the condition control variables, the obstacle avoidance processing
method for intelligent wheelchair was also studied. In addition, this research mainly regarded the disabled
athlete to use the intelligent wheelchair to carry on the sports as the research object and it studied the
strategy conversion mechanism of intelligent wheelchair obstacle avoidance strategy based on sports. In
order to avoid the collision between the teammates in wheelchair sports, the state control was given
variables of different weights in the study to solve the obstacle avoidance problem in the wheelchair
sports. When the obstacles encountered in the process of movement of disabled athletes in the inner angle
of view, the algorithm based on improved fuzzy neural network was considered as the main algorithm of
obstacle avoidance. In contrast the control algorithm based on state variable should be considered as the
main algorithm of obstacle avoidance. The obstacle avoidance strategy based on conversion mechanism

effectively improves the result of obstacle avoidance for intelligent wheelchair in sports.

Keywords: PID control technology, obstacle avoidance, FNN algorithm, intelligent wheelchair.

1. Introduction

Population aging and disability has become a major
problem facing the Chinese. In order to provide superior
performance means of transport for people with
disabilities, intelligent robot technology was applied to
intelligent wheelchair motorized wheelchair by the
researchers (1). Intelligent wheelchair has made great
progress both at home and abroad. As a kind of service
robot for people with disabilities it should be human-
oriented designed (2). Intelligent wheelchair will
inevitably encounter some obstacles in the course of the
road and it should be fast and safe to protect the user's
security.

Project MAID of University of Ulm in Germany (3):
Intelligent wheelchair was able to move forward in
crowded places and judge whether there were people or
obstacles around to make a decision to pass or not. If
you could not pass, the intelligent wheelchair would
begin to take measures to avoid obstacles or to remind
pedestrians to give way. Project SIAMO of (4):

Constructing a multi function system to meet the
needs of different degree of disability and users with
special needs and the system consisted of three parts.
They were advanced decision scheme and its control

subsystem, integrated environment perception and its
integrated subsystem, human computer interaction
system. Advanced decision making and its control
subsystem included human computer interaction system
and sensing system (Ultrasonic and infrared sensors).
Human computer interaction system had different
control methods such as speech recognition and
intelligent operating lever and the human nature and
intelligence of the intelligent wheelchair had been
greatly improved.

There are a number of projects that are involved in
many people at the same time in the Paralympic Games.
The collision between teammates easily happens when
there are many players in the wheelchair sports. At this
time, the obstacle avoidance process needs to be carried
out with the help of the intelligent wheelchair. Common
obstacle avoidance methods are as follows: Artificial
potential field method proposed in 2015 by Khatib (5), a
method of obstacle avoidance based on raster map VFH
(vector field histogram) proposed by Borenstein et al.
(6). The artificial potential field method proposed by SP
Parikh et al. (7) was applied to the intelligent
wheelchair's obstacle avoidance problem and achieved a
good result.
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Thus, the problem of Safe Obstacle Avoidance of
the disabled athletes in the use of intelligent wheelchair
was studied in this paper based on the previous research
results and combined with PID control technology and
PNN algorithm.

2. Research on Application of fuzzy neural network
in obstacle avoidance algorithm

Fuzzy Neural Networks (FNN) means neural
network for fuzzy information processing (8). Fuzzy
neural network is a combination of neural network and
fuzzy logic. It brings together the advantages of fuzzy
logic and neural network and the two are
complementary (9). Compared with such a complex
system like wheelchair obstacle avoidance, Fuzzy
neural network has a great advantage.

The flexibility of obstacle avoidance function is an
embodiment of intelligent wheelchair, on which many
research scholars in this field at home and abroad have
done many researches. A number of research scholars
have given a variety of intelligent wheelchair planning
and navigation obstacle avoidance method (10-12). But
because the wheelchair's movement direction is always
in the inner angle of view of the disabled athletes,
human subjective consciousness plays a decisive role in
the process of obstacle avoidance. When the direction of
motion was outside the user's field of view this study
used ultrasonic sensors to obtain environmental
information to achieve security. The schematic diagram
of the system structure was shown in Figure 1.

Ulrasonic . Uhasonic
,t _’
Oscllator b Transducer
Singlechip Bt Obstacle
Sustemn Sional Ulrasomic
Receiving i s Sigul
. . —
4 T [¢] Belpg |« ﬂ],]d, Transducer
amplifying

Figure 1 : Obstacle detection principle diagram of
ultrasonic sensor

An improved fuzzy neural network control method
was proposed in this paper. The learning function of
neural network was used to adjust the parameters of
membership function to improve the adaptive ability of
the controller and it solved the problem of obstacle
avoidance in dynamic environment to a certain extent.

Figure 2 is flow chart of fuzzy neural network
algorithm.
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Figure 2: Flow diagram of fuzzy neural network
algorithm

The fuzzy logic control mainly included three
processes such as fuzzy logic, fuzzy reasoning, and the
solution of the model [13,14]. In order to make the
intelligent wheelchair reach the effect of the non
collision this study collected the obstacle distance
information of the intelligent wheelchair by the
ultrasonic sensor and classified the distance information
of the obstacle. A fuzzy neural network was designed
and the 5 input variables were defined as
L.Ly Ly,6,v. They respectively represented the

distance information between the left, middle and right
obstacles, the driving direction and speed of the
wheelchair. @ and Av were output variables and They
respectively represented the rate of change in the
direction of the wheel and the driving acceleration.

The intelligent wheelchair mainly moves in the
ground plane under normal circumstances. So here we
would use the two-dimensional coordinates of the plane
and the direction of the wheelchair to describe the
movement of the wheelchair. Two rear wheels of the
wheelchair are driving wheels and they are used to drive
by two motors. The running speed and operating
angular velocity of the wheelchair will be realized by
controlling the speed of the driving wheel.
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Figure 3: Motion model diagram

Among them, A, B, C, D are the centers of the four
wheels and R is the rear wheel radius of intelligent
wheelchair. The kinematic equation of intelligent
wheelchair is

X||cos@ O v
4= y =sing 0 LJ ).
6 0 1

The rear wheels of the intelligent wheelchair are
controlled by two independent motors. Figure 4 shows
the wheelchair in the turning process of the movement
model.

Figure 4: Diagram of speed control transmission

In Figure 4, r stands for wheelchair turning radius
and P stands for speed instantaneous center of
intelligent wheelchair. Line speed and angular velocity
VL+VR

of intelligent wheelchair can be figured by v= 5

(2) and A6’=X=V—Lb=V—Rb (3). The structure of the
r r+b r-

fuzzy neural network with membership function
parameters of neural network is shown in Figure 5.

In Figure 5, X=(Xq,X5,--+,X;,) is the Network input
(n=5 in this study) and Y=(y;, y,)=(Av, ®) is the output
variable.

(x1)
U (1)
X1 Mm(x3)
X9 : :
: M (%2)
< :
N # (Xn )
Hin (%)
input Membership Fuzzy reasoning output
layer function layer layer layer

Figure 5: Structure of improved fuzzy neural
network

The first layer is the input layer. There are five
inputs totally and they are Ly, L,,L,,6,v. The number
of nodes is 5.

The second layer is the membership function layer.
w; (i=1,2,--+,5, j=1,2,---,36) and

nj (i=1,2,---,5, j=1,2,3) are the network weights.

The number of nodes is 11.

The third layer is the fuzzy reasoning layer. The
number of total knot points is 36. Each node represents
a fuzzy rule which is used to match the fuzzy rules
relocation to calculate the applicability of each rule,
Sk =min(0y , Ok » A3k » dak » Ik ) (4)

Among them, o, represents degree of applicability
about input i to rule k(k=L2,---,36) . Take one of the
rules as an example. L,Ly, L..0,v,o,Av are
respectively considered as F, N, F, R, FS, PS, Z. F
means that the obstacles are far away. N means that the
obstacle is near. R means that the aim is in the direction
of movement of the right wheelchair. FS means that the
wheelchair is fast. PS indicates a slow increase or
decrease of the direction angle. Z means to keep the
wheel chair speed unchanged. Thus, this rule shows that
if the left side of the obstacle is far, the middle the
closer, the right the farther, the goal in the right side of
the obstacle and the wheelchair is running faster it
should be a slow increase in the direction of the angle
and keep the wheel speed unchanged at this time.

The fourth layer is the output layer. It is the
realization of the calculation of the solution. we used the
center of gravity method to solve the fuzzy set in this
research. The output of the system at this time would be

36 36
D ViaSk > VikiSk
k4 =i
Av=F= L O=""0 ),
2. Sk 2. Sk
k=1 k=1
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Vi1, Vko represents a weight of the output j of the
rule K. Matching the relationship between vi4. v, and
ns according to fuzzy rules such as vj 1=y, vj ;=Ny3,
Vo4, 2=N51 and so on.

3. Obstacle Avoidance Strategy of Competitive
Sports

For intelligent wheelchair sports, the cooperation
and tacit understanding between the teammates is
crucial to the whole competition. In this study, motion
direction will be out of the angle of viewing field if the
wheelchair user moves backward, which leads to
collision easily. So, state control variables are added to
solve the obstacle avoidance out of angle view field.
Generally speaking, state controlling variables are used
to record the state of the disabled athletes in the process
of movement or hitting, which can help athletes to avoid
hitting obstacles or teammates and move to the original
direction as close as possible.

Supposing the state variable

iss={ay % ]T ,t=r-1,7,7+1, and recording the changes

of wheelchair movement status in three time periods,
then we can get the following state variable formulas:
The average value of state control variables,:

Tl L 1 T
Sa-[ﬁ V] ‘§(Sr+1+sr+Sr—1)‘§[wf+l+wr+wr—l Vr+l+vr+vr—l] (6),

the change value As_at two different time
r+land 7 :

T T
AS, 4 ={Ab, g AV 4] :Sr+1_sr:[wr+1_a)r Vr+1_Vr] (1),

the change value As_at two different time
r+land 7 :
TAD T_ _ U
AST_[A T Avr] _ST_ST—l_[a)Z'_a)T—l Ve _Vr—l] (8).
if we assume that the moving direction of player has the
following eight: the front, the back, the left, the right,
the left anterior, the left rear, the right front and the right
rear; meanwhile, the intersection angle between two
directions is 45°. Once the moving is out of the angle of
viewing field, if the athlete moves backward, then target
direction can be determined by the three values
Sa ASr+1 ' AST '
0 Ao, q,Aw,<0
thatis Mg=1-N6 Aw,  ,Aw,>0 9),
1 others
among which 0<N<l,—-N@ is the direction angle of
wheelchair obstacle avoidance control. Both 0 and 1
refers to the weight that wheelchair avoid obstacles in
accordance with the direction of human goals.

It is known that the cooperation of teammates is
crucial for intelligent wheelchair sports.

Does this only not means the sense of cooperation, but
also refers to the technology and skills [15-16].

For this paper, strategy conversion mechanism was
applied into intelligent wheelchair competitive sports.
Meanwhile, M was used to represent the wheelchair
avoidance direction for the output of conversion
mechanism of obstacle avoidance strategy (see as the
below formula).

M=aM; +bM; (10), in this equation, Mg is the
avoidance direction of improved fuzzy neural network
strategy, My is the avoidance direction of state control

variable strategy in formula (9). Also, ‘@’ and ‘b’
represents the weight coefficient. Moreover, avoidance
strategy was chosen by changing the weight coefficient.

4. The experiment and result analysis of the
intelligent wheelchair sports

4.1 Man-machine interactive system with PID
technology

Firstly, the system architecture of intelligent
wheelchair was made by sing PID control technology
(shown as figure 6).
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| Motor drive |‘___gn PWM |

/0 Keyboard

/0 Mouse
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Ultrasonic Start T INTO 1;1;08;2510;
sensor | signal 1o o —
Remo‘l[e sensing » 10 .
vignal | Wireless
o network

Pressure signal '—P I'o [ adapter

Figure 6: Frame of intelligent wheelchair system

On the other hand, in order to facilitate the human-
computer interaction, this study also set up an
interactive interface to facilitate the control of
intelligent wheelchair.

4.2 Experimental result analysis

In this study, many obstacles were set up at the
initial position and the terminal position. Meanwhile,
we assumed that the user's expected direction is
inherent. Finally, improved fuzzy neural network
controller was applied in this study, then we found that
the intelligent wheelchair safely went through the
barrier area and reached to the terminal.

It can be seen from figure 7 that all circular and
rectangular objects are obstacles, and the orientation
angle 6=180°. For points from @>®@represent the track
changes of wheelchair when obstacles are encountered.
When the wheelchair arrived at the point G) the target
direction experienced a series of changes to the right
and finally faced with obstacle. Then, it applied state
control variable to make the wheelchair move to the left
to avoid the obstacle according to the avoidance
principles.
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Figure 7: Obstacle avoidance trajectory
(fuzzy control)
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Figure 8: Obstacle avoidance trajectory
(Improved fuzzy neural network control)
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Figure 8: Obstacle avoidance trajectory (Improved fuzzy neural network control)

Seeing from figure 8 above, compared with fuzzy
control in figure 7, the motion trajectories become
relatively smooth under the system of improved fuzzy
neural network control, which makes the whole process
to be more comfortable. When the wheelchair is at the
point 3) the state control variable recorded a series of
changes to the right of the target direction for users, so
when the motion direction is on the cone, it did not
avoid the obstacle according to the principle but moved
to the right avoiding the obstacle according to the sense
of user. This finally reduced the difference between user
target direction and obstacle avoidance direction.

5. Conclusion

In summary, on the one hand, this paper described
the problem of intelligent wheelchair in the obstacle
avoidance of competitive sports and compared and
studied on the fuzzy logic, neural network and fuzzy
neural network theory for sports strategy. Meanwhile, it
proposed the improved fuzzy neural network algorithm
and obstacle avoidance algorithm of state control
variables, and finally implemented the study of obstacle
avoidance for intelligent wheelchair in the sports. On
the other hand, this paper realized the real-time
monitoring to the running state of the intelligent
wheelchair and data of display senor through the PID
control  technology and intelligent  wheelchair
monitoring software of human-computer interaction,
which not only ensured the normal operation of the
intelligent wheelchair but also proved the validity of the

algorithm by experiments. Moreover, this paper also has
some deficiencies, which should be improved.
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STUDY AND ANALYSIS ON STRATEGY OF Al SOCCER MATCH
BASED ON IMPROVED MOBILE ROBOT TECHNOLOGY
Xuelin Pang, Zhengze Zhang

Harbin Engineering University, Heilongjiang, China
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Abstract - Machine intelligence-human game was a classic research topic during the study of artificial
intelligence (Al), which greatly advanced the development of Al. Picture processing, automatic control,
communications, sensor and Al are involved in soccer robot system. First, this thesis introduced the four-
layer decision structure used in the study of which elaboration on hierarchical structure was made.
Second, based on influence done by soccer robot’s control lag of closed-loop control system to real-time
competition, improved extended Kalman filter (elf algorithm) was used to predict the position of soccer in
soccer robot system and motion model of predicted soccer position was established. Finally, the
efficiency of this alforithm was confirmed by simulation environment.

Keywords: Soccer robot, artificial intelligence, competition strategy, kalman filtering algorithm

1. Introduction

Robot combines different technologies includes
kinematics, dynamics, machinery, material, control
theory, sensor technology and artificial intelligence [1-
3], which is a typical products of multidisciplinary
research fields. Many studies were done by researchers
with good results in information processing, decision
making planning, pattern recognition, physical design,
kinematic and dynamics [4], which promotes the
implementation of robot in industry, agriculture and
military affair. Soccer robot system is a technology
concentrated artificial intelligence, which combines
machine design, mechatronics, data fusion, decision-
making mechanism, trajectory planning [5], as well as
multi-robots’ collaboration and coordination of robot
intelligence technology.

Al soccer robot system should adapt to the real
soccer match with soccer robots’ accurate movement,
agile and flexible strategy. The decision-making
subsystem is the core of the artificial intelligence of
soccer robot system [6], as well as an important way to
verify the latest research results in the system [7].
According to those theories, this research studies
general design method of decision-making system based
on soccer robot system and analyzed functional and
design-related difficulties in different decision layers
based on the four-layer decision making structure of six-
steps reasoning model which mainly focuses on the
design of strategy pattern in decision-making
awareness. Stimulation study on competition strategy of
soccer robot was made based on improved kalman
filtering algorithm.

2 Analysis and design of Al soccer robot based on
mobile robot
2.1 Work mode of robot soccer system

Soccer robot match was designed based on
simulation of human being’s soccer match. There are
many ways to establish robot system and RoBoCup
small size soccer robot system was used in the study,
following figure 1 shows its individual architecture:

Motion behavior [
>
module
Upper decision
information
|\ Emergen.cy avoidance ]
behavior module Field
Motion en\'flmrmilent
control o smab
t
laVEr .. . - soccer I'.O. 01
¥ N Dribbling behavior competition
- module
Field
environment |
information
L Playing behavior
module

Figure 1 Individual architecture of RoBoCup small size
robot system

Mobile robot is usually made of control system,
communication system and sensor system [8], among
them control system act as a core in the system, sensor
system act as eyes of the robot to catch information.
Decision-making subsystem is the brain of soccer robot
system which needs to be designed with flexible
competition strategy to make the robot moves agile and
accurately during the match [9]. The design of decision-
making system involves many different theories relative
to Al and intelligent control such as path planning and
intelligence algorithm, intelligent decision, multi-robot
cooperation and self organization and self training.
RoboCup small size soccer robot is a typical intelligent
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control system, in which intelligent decision-making
system in upper level involves mode selection strategy,
formation, roles assigning and tactics design. This study
focuses on intelligent decision-making system in upper
level.

2.2 Architecture model of system decision

Relevant studies have shown that six-steps reasoning
model was put forward to describe competition
decision-making of RoBoCup small size soccer robot
[10], thus decision-making process and knowledge base
was formed.

The main design ideas of six-steps reasoning model

was: first, analyze visual information based on
information pre-processing; second, predicting the
competition status based on analysis of vision sub-
system. Third, path planning and obstacle escaping was
made based on position of soccer robot on the field.
Finally, commands were generated and send to robots
through wireless communication system.
This study simplified six-steps reasoning model to four-
layer decision making structure includes information
pre-processing layer, team cooperation and coordination
layer, robot path planning layer and basement moves
layer. Following figure 2 shows its specific model
structure:

Information
pretreatment

cooperation and
coordination

Motion planning

Motion planning

+
Motion planning

‘ Basic action ‘ ‘ Basic action ‘ ‘ Basic action ‘ ‘ Basic action ‘ ‘ Basic action ‘ ‘ Basic action ‘

‘ robot 1 ‘ ‘ robotn ‘ ‘ robot 1 ‘ ‘ robotn ‘ ‘ robot 1 ‘ ‘ robotn ‘

Figure 2 Specific model structure diagram of four-layer decision making

In competition system of soccer robot, decision-
making system obtains actual game information only in
figures, thus digital processing should be done to
convert the figure into useful information. This is called
information pre-processing [11, 12].

Team coordination layer judges groups’ intention
and transfers its intention of strategic decision to the
next layer based on game situation in the field obtained
by cameras. Selection of strategy pattern is needed in
design of this layer, thus high performance and good
strategy is premise of all decision.

The robot’s path planning layer split the decision
information receivesd from the upper layer into moving
target which after further improved, specific movement
mode of RoBoCup small size soccer robot was formed.

The key in this layer is design of robot’s action
design. Input of this layer is intention of team
coordination, but it can’t be seen as a black box
structure as there is no actual output. Action output in
this layer to control robot was done by calling function
in basic movement layer.

Information that path planning layer delivered to the
next layer is the next moving object that should be carry
out by all robots, thus target action in basic movement
layer was completed. The forward, step back and turn
was completed by robot’s wheel speed control
commands generated by path planning layer. Actually,
all relevant information processed in basic movement
layer is directly linked to robot’s motion control and its

function, to some extends, overlapped with that of
robot’s vehicle-mounted controller. Therefore, pressure
on onboard controller system’s chip should be shared as
much as possible to compensate its disadvantages when
designing the basic movement layer.

2.3 Strategy mode for competition

Among the soccer robot system, it can be divided
into offensive mode and defensive mode which is the
simplest way of divide. Besides, there are also tackling
mode and defend the area to the last mode. Mainly,
following will introduce offensive mode and defensive
mode.

(1) Offense mode

When the distance between the soccer ball and our
goal line is greater than the defense line made in
decision, our robot player should use the following
mode shown as figure3 when they holding the ball.
Position of playmaker substitute is behind the
playmaker in a distance. Playmaker and playmaker
substitute should exchange roles with each other
immediately if the playmaker loses control of the ball
and the ball is behind the playmaker. If there have no
playmaker substitute, efficient will be greatly lowered
because the playmaker have be follow the ball
himself/herself which is a complicated process of turn-
back, positioning and turn-back again.
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Figure 3 Offensive mode diagram (number (33
playmaker, number s assist playmaker, number
@Bis playmaker substitute, number @is defensive
player and number Gis goalkeeper)

(2) Defensive mode

When the distance between the soccer ball and our
goal line is greater than the defense line made in
decision and the opposing robot is holding the ball
which is a threaten to our goal, defensive mode need to
be considered firstly. Following figure 4 shows the
defensive mode.

Tactic cooperation in field should be taken into
consideration after determined the overall decision
mode and basic intelligent movement. However, some
relatively completed tactic is hard to design, simple and
classic tactic should be reached.

“Two to one” tactic. This tactic cooperation mode is
frequently used in soccer match, which is used when
three players (only one of them is of the opposite side)
is facing each other. In this strategic mode of match,
two our offensive players should reach a tacit agreement
to shoot and score a goal within twice ball-passing [13].
“Two to one” tactic in robot match in shown as figure 5.

(]

)Gy . L

Figure 5 “Two to one ” tactic (number @ and @is our
offensive player, number @is opposing defensive
player, and number @ is opposing goalkeeper.)

Diversion” tactic is used when opposing player is
defense loosely and no offence opportunity was found
by our our player, or the soccer ball is passed but with
no appropriate scoring angle [14,15]. In this case, fake
attack is used to change the opposing players’
defensive, which is shown as figure 6.
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Figure 4 Defensive mode diagram (number (7is
playmaker, number 2is playmaker substitute 1, number &
is playmaker substitute 2, number @is defensive player,
number (Gis goalkeeper and number (Glis opposing ball-
holding player)

1]

Figure 6 “Diversion” tactic”

3. Technological improvement algorithm

During a soccer robot match, camera was used to get
the picture of field based on which recognition and
location of robot and soccer ball were done through
image manipulation program. The information is then
passed to strategy program to plan motion and allocate
task and the generated commands would be send by
wireless communication to robots to complete the
assigned actions.

There are a great delay between the picture capture
the complete of the commands, thus information offered
by visual system cannot accurately reflect the position
of soccer ball and robot at present [16-18]. In the actual
match, soccer robot system is real-time which testifies
that control the delay is necessary. During the match,
noise jamming can be seen as a random process.
Kalman filter theory is applied in a system with noise as
a random process to predict information [19].

State-space mode and system observation model
should be established before using the kalman filter
theory. In the following discussion,  denotes state
estimation and denote state variance. These two
random difference equations were used to modeling
kalman filtering algorithm and modeling extended
kalman filtering algorithm. The results were shown in
following table 1.
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Table 1 Modeling of kalman and extended kalman filtering algorithm

Time update equation

Measurement update equation

Kalman filtering
algorithm

Extended filtering
algorithm

X =AX + Bljk—l
P =AP_A"+Q

)A(k = f()’zk—l’uk—l’o)
Pk7 = A< Pk—lA;r +Wk Qk—kaT

Kk = Pk_HT (HF’k_HT + R)_l
R, =% +K (Z, - H&)
F’k :(1— KkH)Pkf
Kk = PkiHII(HkPkiHII +Vk RkaT )71
R =% +K (Z,-h (&0 )
Pk = (1_ Kka)Pk_

Among them, A, W,, H, and V, denotes
Jacobian matrix of partial derivation function f () to x
and w and partial derivation function h to x and v. Q,

and R, denote noise variance. A, W, H and V were

update at every hour K.

For moving soccer ball on the field, there are no
input commands because the soccer itself has no power.
When soccer ball move freely on the field, it makes
decelerated rectilinear motion because there are force of
friction on the field. If the friction that impedes the
motion of the soccer ball is a constant, following system
model can be concluded.

10 At O 1/2a At?
¢ oM sace -0 1 O At 1/2a,At?
* TR0 01 0[] aAt

000 1 a,At

—a, cosy |v[>a,
a. =
—-v, /At  others

Among this model, y denote the direction of the
soccer ball, vV denote the speed of the soccer ball and
a;, denote the accelerated speed constant of soccer ball

in horizontal direction by friction, which is acquired in
the experiments. For the y-direction, there is the same
control relationship.

When extended kalman filtering algorithm applies
in cases that demanding high real-time, the real-time
data forecasting may be influenced because of a great
deal of calculations [20, 21]. Extended kalman filtering
algorithm  will be improved based on theses
disadvantages. Linear combination of nonlinear function

f() was used to substitute the derivative and taylor

formula was used to determine the coefficient to
improve the computational accuracy and speed.
Following shows the improved algorithm.

X,.,=X +h¥a K_
m=1

In this function, @, denote undetermined factor,
V denote numbers of the used function f (), thus as
for K, , following function can be concluded.

K, = f(t, +Cl, X, +12b,K))
m=1

In this function, | denote account step.

Parameter was further simplified based on the
improved algorithm and the characteristics of soccer
robot system, which generates the following data.

rfy 0 0
0 22 0 0 1000 520
=M,P= k4 H= Q =]
A 0 0 74 0 {o 10 O}Q“ {o 55}
0 0 rfy

0010 520 10
W= 02 = Xops YorshR=| ) V=
{o 00 J =B Yo {0 53} [o J

There are no modeling of collide between soccer
robot and soccer ball. In order to fasten the response of
system, state variable should show a rising trend with
decreasing distance between soccer ball and robot.
When the distance between one of the soccer ball and
the robot is close enough (d denote distance), variate of
kinestate of the ball is increasing, based on which
comparison expression can be concluded as following.

5, = max(@@,(g}

In this expression, R denote radius of the robot
(R =75mm in this research) and r denote radius of the
ball (r=20mm). Under normal conditions,d > R+r, K
denote gain (K=10) and &y =100mm/s.

4 Study on match strategy of soccer robot based on
improved technological algorithm
4.1 study on match strategy

Based on above algorithm analysis and match
strategy study, effectiveness of the strategy will be
testified through simulation experiment of soccer robot
match in simulation platform.
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(1) Simulation of “two to one” match strategy

“Two to one” match strategy used in simulation
experiment was shown as the following dynamic graph
7. In the graph, black dot denote our players and grey
dot denote opposing players. At the first time, two our
players and one opposing defensive player were facing
each other, and the three of them forms a triangle.

The shooting angle of one of the offensive player
was blocked. At the first ball-passing positioning, our
offensive player passes the ball to the opposing
offensive player.

Meanwhile, the two offensive player turn round to
defense and goalkeeper makes sideways movement. In
the second ball-passing positioning, the ball is passed
back to our offensive player. At this moment, the two
defensive players and soccer robot will have no time to
adjust its position, thus our offensive player will face a
free shot to wunhurriedly making this shooting.
According to above simulation research results, the
designed match strategy is practicable.

O D ) e

® 0

. .-[] [] .

Positioning at the beginning

Positioning at the first ball-passing

Positioning at the second ball-passing

Fig. 7 Simulation result of “two to one” match strategy

(2) Simulation of “diversion” match strategy

Graph 8 shows three screenshot at three different
time when apply this match strategy. At T1 (time 1),
defensive of opposing robot player is relatively loose
but almost blocked all direct shooting route of our
players. At the T2 (Time 2), after slow dribbling of our
player, opposing player is going to ring-fence because
they thought our player is going to shoot.

At this moment, our players were already run to the
left and right side of the field to wait for the right time
to shooting. At the T3 moment, our player passes the
ball very fast to our players at the right moment.
Though the opposing players have reached the
defensive position, our player is to offense immediately
to shooting. According to this simulation results,
“diversion” match strategy is practicable.

3) D D )DL (M

Fig. 8 Simulation results of “diversion” match strategy

4.2 Prediction of soccer robot position based on improved algorithm

Soccer robot is easy to have collides with boundaries of the court when undergo a linear motion. Collision

schematic diagram was shown as following figure 9.
%

Ce]

Touching up and

down walls

Touching four
angle baffle

Touching the left

and right walls
.

Figure 9 Collision to the wall schematic diagram of Soccer
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Next, we will forecast and simulate the position of
the soccer ball when it collides during the linear motion.
According to actual test, accelerated speed due to the
friction between robot and carpet can be set as

a, =23cm?, decision-making period is 40ms and
0, =25mm, and velocity misalignment after

collision of the robot is 6z =100mm/s . Input above
data into the established motion model and analyze the
simulation modeling, the prediction curve of which is
shown as following figure 10.

——Observed data
-+ Predictive value of Calman algorithm
- - - Improved predictive value of Calman algorithm

Ball-y(cm)
g

Ball-x(cm)
Figure 10 Comparison diagram of predicted robot’s
position when colliding before and after the
improvement of the algorithm

The figure shows that before collision, soccer robot
is undergoing the linear motion and error of the two
prediction curve is relatively small because after more
than 100 prediction period, those two algorithms are
becoming stable. When colliding, motor direction of the
soccer robot is changed and rebound at a certain angle.
After a period of adjustment, forecast error decrease
gradually. Though these two algorithm are convergent
at the end and real-time of the system was improved,
umimproved algorithm converges after another 10
period.

In the simulation environment of this study, hit rate
and rate of successfully goalkeeping of soccer robot
were continued to be studied based on improved
algorithm, statistical result of which is shown as
following table 2.

Table 2 Comparison of hit rate and rate of successfully
goalkeeping of soccer robot before and after the
improvement of algorithm

Before algorithm | After algorithm
improving improved
Hit rate 71.67% 88.05%
Rate of
successfully 74.27% 91.03%
goalkeeping

Data in the table shows that after improvement of
the algorithm, accuracy of hit was improved in a certain

extent and rate of successfully goalkeeping was rising
from 74.27 to 91.03, which shows a great increase.

5. Conclusion

After study of the design method of decision-
making subsystem of Soccer robot, this thesis analyzes
and studies the match strategy of soccer match.
Improved extended kalman filtering algorithm was
applied in the prediction of position of soccer ball, hit
rate and rate of successfully goalkeeping. Precision of
position prediction when the soccer robot colliding was
greatly improved after improvement of the algorithm.
Besides, prediction behavior of improved algorithm is
also better than that of unimproved algorithm. Though
some development in the soccer robot’s decision-
making subsystem was made, further improvement
should be done because there are disadvantages in many
aspects due to the limitation of research time.
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Abstract - The paper proposes a novel medical device based on a 9 dof IMU to help health professionals
performing more precisely the electrode placement task in EEG exams. The tool precisely tells the
operator if the 10-20 electrode placement system is being correctly followed. The manual task is of major
importance and time consuming, because all the electrodes must be correctly and very precisely placed in
the head of the patient. The gold standard process is manual, and although several medical devices
(developed to other types of medical procedures) can be applied to increase the precision of the electrode
placement, they are still very expensive. The proposed medical device, based only on the sensors of a 9
dof IMU, and the processing capabilities of a microprocessor, diminish the price of the device. Moreover,
the size of the apparatus is also diminished, when compared with infrared vision based systems. The
developed system includes a visualization sub-system that visualises the position of the electrodes in a
virtual head of the patient, using a specific tool, 3DSlicer, to receive and visualise the 3D pose of the
medical device when point to the patient head. Preliminary results showed the validity of the proposed
device.

Keywords: Medical Devices; Sensors; Visualization; Signal Processing

As depicted in figure 1,

2Instituto Politécnico de Castelo Branco, Escola Sup. de Tecnologia, Av. Empresdrio, 6000-767 Cast. Branco, Portugal

if the medical device

Obtaining the 3D pose of an object in real
environments is complex, and requires sophisticated
tools if high accuracy is required, especially in medical
applications [1]. The problem becomes even bigger if
the object is moving in the environment, or if it can
change its position a few millimetres [2]. Classic vision
systems, even with the use of fiducial markers [1] have
some drawbacks when tracking objects [2]. Taking this
into account the paper proposes to study a 9-dof Inertial
Measuring Unit (IMU) to add further sensor data, and
add value to the previous work framework and enhance
the previous obtained results. As such the paper
proposes, a medical device to output the 3D pose an
object, where the device is moving in.

I Preaurical
point

Inion 18%

Figure 1: Electrodes Position in the Scalp [3]

proposed is attached to a pointer, that points to the head
it outputs the 3D pose of all the points that are present,
only based in the IMU data. As depicted, the application
in this paper is EEG electrode placement.

The paper presents the state-of-the-art on manual
electrode placement for EEG in section 2. Section 3,
presents the developed medical, both the electronics
components, sensors and microprocessor, along with the
mechanical drawings. The signal processing needed to
obtain the pose of the medical device, to define the
electrode placement, is presented in Section 4. In
section 5 are presented results with the tool developed
along with the visualization results in 3DSlicer. Finally,
some conclusions are drawn in section 6.
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2. Electrodes position in EEG exam

The 10-20 system [3] or International 10—20 system
is an internationally recognized method to describe and
apply the location of scalp electrodes in the context of
an EEG test or experiment. This method was developed
to ensure standardized reproducibility so that a subject's
studies could be compared over time and subjects could
be compared to each other. This system is based on the
relationship between the location of an electrode and the
underlying area of cerebral cortex. The "10" and "20"
refer to the fact that the actual distances between
adjacent electrodes are either 10% or 20% of the total
front-back or right-left distance of the skull.

Each site has a letter to identify the lobe and a
number to identify the hemisphere location. The letters
F, T, C, P and O stand for frontal, temporal, central,
parietal, and occipital lobes, respectively. (Note that
there exists no central lobe; the "C" letter is used only
for identification purposes.) Even numbers (2, 4, 6,8)
refer to electrode positions on the right hemisphere,
whereas odd numbers (1, 3, 5,7) refer to those on the
left hemisphere. A "z" (zero) refers to an electrode
placed on the midline. In addition to these
combinations, the letter codes A, Pg and Fp identify the
earlobes, nasopharyngeal and frontal polar sites
respectively.

Two anatomical landmarks are used for the essential
positioning of the EEG electrodes: first, the nasion
which is the distinctly depressed area between the eyes,
just above the bridge of the nose; second, the inion,
which is the lowest point of the skull from the back of
the head and is normally indicated by a prominent
bump.

In the semi-autonomous procedure proposed in the
paper the operator must identify the nasion and the
inion, precisely. Additionally, points Al and A2, in the
ear of the patient are also fundamental to define the four
lower points of the semi-sphere of the approximate skull
of the patient. These four points are the first land marks
from where the remain points will be obtained, using the
10-20 system.

3. Medical Device

The medical device is comprised by electronic
components and mechanical components to encapsulate
the prior. This section is divided in two sub-sections:
first the electronic components are depicted, after the
designed mechanical components are presented.

Electronic Components
The electronic components are depicted in figure 2:

- a 9DOF Razor IMU that incorporates three sensors:
an ITG-3200 (MEMS triple-axis gyro), an ADXL345
(triple-axis accelerometer), and an HMC5883L (triple-
axis magnetometer) (horizontal board);

- an on-board ATmega328 (horizontal board);

- a basic breakout board for the FTDI FT232RL USB to
serial 1C (vertical board, to interface with the signal
processing unit defined in the next section);

Figure 2: Electronic components of the medical device

The on-board ATmega328 have the following
capabilities that were programmed:
- to output the orientation angles of the device,
according to the AHRS algorithm proposed in [4];
- the acceleration raw values from the accelerometer;
- the angular velocity raw values from gyroscope;

Design

In figures 3 and 4 are depicted the enclosures of the
electronic components present in figure 2, along with
the pointer to the points of the EEG landmarks in figure
1.

Figure 3: Medical Device Pointer with enclosure.

Figure 4: Medical Device Pointer without enclosure.
4. Signal Processing

In this section are presented the signal processing
algorithms used to process the signal captured from the
sensors. To a better understanding of the process, the
output signals will be presented.

Figure 5, presents the raw data captured from the
gyroscope and the accelerometer, i.e., the angular
velocity of the device and its acceleration. It can be seen
that the capture starts at second 4 and lasts 2 seconds.
The device first moves, stops and moves again, as
depicted in the acceleration and velocities graphs. All
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the presented signals are captured with a sample time of
0.004[seconds] and all filtered first with a high and after
with a low pass Butterworth filter, with DC gain Gy=1

and n=2, with appropriate cut-off frequencies. If the
acceleration is below a given threshold the medical
device is not moving, i.e., is stationary.

Gyroscope

Acceleration (g)

Figure 5: Raw Sensor Data from the Sensor. Angular Velocity and Acceleration.

The rotation of the medical device, is obtained according with the AHRS algorithm proposed in [4]. The outputs
quaternions are used directly to obtain the Euler angles of the pose of the device.

Acceleration

Acceleration (m/s/s)

Time (s)

Figure 6: Linear Acceleration

The next step of the processing part is to obtain the
linear velocity from the linear acceleration measured,
depicted in figure 6. This is performed by first order
numerical integration of the acceleration measured,
starting from a stop position. The result, depicted in
figure 6, is calculated taking into account a numerical

06~
05|
041
03
02

01

Velocity

compensation for the velocity drift due to the numerical
calculus. When the sensor is not stationary the velocity
drift is incremented to compensate the numerical error.
When the medical device is steady the velocity drift is
set to zero and the process starts again.

—x

o1k

04 ! |

Time (s)

Figure 7: Linear Velocity

Finally, to obtain the pose of the device a final
integration is performed, using the same technique from
the prious integration, starting from a stop position.

The results is depicted in figure 8, where is presented
the X, Y, Z path of the medical device coordinates.
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Figure 8: Position of the Medical Device.

5. Results and Discussion

In this section are presented the final results of the
application of the medical device to obtain the 3D pose
and to follow a path in a real world scenario.

In figure 9 is presented a Real Scenario for a 3D
path capture along a Bone Phantom. It is depicted the
sensor and the processor along with the cable to connect
to the signal processing unit, i.e., a PC running Matlab.

Figure 9: Real Scenario for Capture in Bone Phantom

DO Animation (Sample 6733 of 6734)

Figure 10: Captured Path along a Bone Phantom

The final result, depicted in figure 10, of the
experiment shows the 3D path captured along the bone,
i.e., at each capture point a reference frame is depicted,
clearly showing the rotation angles differences between
captures. It is also verified that the trajectory is smooth.
At the initial point of the path , left side of figure 10, a
large concentration of frames are observed, due to noise.

Visualization

For Visualization of the results obtained from the signal
processing unit, running in Matlab, 3D Slicer [5] was
used to receive data and to visualize it in the head of an
human. 3D Slicer (Slicer) is a free and open source
software package for image analysis and scientific
visualization.

In figure 11 is depicted the visualization of the head
of a human with the pointer receiving input directly
from matlab from the MatlabOpenIGT LinklInterface of
3D Slicer.

6. Conclusions

The paper proposed a medical mevice capable to
deliver the 3D pose of a pointer. The medical device
helps health professionals performing more precisely
the electrode placement task in EEG exams. The tool
precisely tells the operator if the 10-20 electrode
placement system is being correctly followed.

The proposed medical device, based only on the
sensors of a 9 dof IMU, and the processing capabilities
of a microprocessor, diminish the price of state-of-the-
art devices. Moreover, the size of the apparatus is also
diminished, when compared with infrared vision based
systems.

The developed system includes a visualization sub-
system that visualises the position of the electrodes in a
virtual head of the patient, using a specific tool,
3DSlicer, to receive and visualise the 3D pose of the
medical device when point to the patient head.
Preliminary results showed the validity of the proposed
device to track trajectories in 3D space.
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Figure 11: 3D Slicer Human Head Rendering with
Pointer visualization
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Abstract - The paper proposes an ontology driven framework to define a machine used for automatic
pick and place robotic tasks. The developed framework was successfully simulated and validated in an
automotive manufacturing environment where seals have to be placed in a cable plug terminal. The
developed framework builds on the IEEE ORA standard, which defines the Core ontologies for Robotics
and Automation (CORA). Specific contributions were developed to extend the previous ontologies to the
presented application case, e.g., for interaction with environment and robot movement. Moreover, a
database of seal patterns is implemented in the cloud to be fetched, as needed, by the robot. Based on the
tasks/processes obtained from the developed framework, the robot will seal a batch of cable terminals,
automatically. The system was implemented in a simulated scenario, in V-REP, using a 3 dof, Scara
Robot. Using the knowledge base, specially defined for the developed framework, based in CORA,
reasoning actions can be performed to obtain valuable data for production and maintenance at the factory

level.

Keywords: Industrial Robotics; Automation; Knowledge Representation; Ontologies; Simulation.

1. Introduction

Robotic manufacturing systems are widely used in
industry. However, in specific industries, e.g.,
automotive cable industry the robot has not been
deployed with great success, as of other branches of
automotive industry, e.g., car assembly. The main
reason for this issue is the complexity of existing tasks
and its large number. For automotive plug sealing, of
the produced car cables, robot cells do exist, but its
programming is not adequate to an agile manufacturing
system. In fact, the work cell program must be
developed by scratch for each new plug of the various
cables produced in factories. As such, hundreds of
sealing patterns can exist in the factory database.

The paper proposes and ontology driven framework
to define the tasks needed for the robotic cell to operate
for a given seal pattern. From the robot, environment,
and process knowledge, the knowledge model, i.e., the
ontology is obtained. Part of the knowledge model is
stored in the cloud, making the system modular and
more flexible. Moreover, special tools were developed
to communicate from the cloud and the machine. The
latter is built from the core ontologies and also from the
manual process that is currently in place at the factory.

The paper presents the application scenario in
section 2, where the complete process to be automated
is presented. Section 3, presents a simulation scenario of
the system where a 3dof scara robot is used. The
Application of the Core Ontology for Robotics and

Automation is presented in Section 4, and the following
section, 5, depicts the ontology application domain
where the main tasks were defined. In section 6 are
presented results on reasoning with the ontologies and
are also discussed. Finally, some conclusions are drawn
in section 7.

Figure 1: Simulation Scenario. Two conveyors for each
type of seal. One 3 dof robot. Three cable terminals.

2. Application Scenario

The application scenario, depicted in figure 1, consist on
the placement of two different types of seals in a plug
terminal with 56 holes, isolating those who do not
receive electric cables. One type of seal is placed
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manually and the second is placed automatically by the
robot.

The operator, before starting the process must verify
the machine electricity and compressed air power
supplies. Also, must be checked if the security doors are
closed and the emergency buttons are disabled.

First, must have to be set the power of the machine.
After the power being set, “Homing” must be
performed, that enables the localization (X , Y) of the
"Gripper" in relation to a reference point (X, , Yy) in the
robot workspace.

In the next step, the operator starts by creating or
selecting the seal pattern to be produced. After selecting
the seal pattern, press the button "Start" and triggers the
three-phase motor that will rotate the base of the plug
terminals in the robot workspace. The motor of the basis
stops when its inductive sensor provides a signal to the
robot controller.

A vibrating reservoir carries the seals, through
vibratory waves, to a feeding line, which in turn, also
via similar waves, forwards these to the feed zone of the
"Gripper" machine, triggering a fiber optic sensor that
indicates to the robot controller that the seal is in
position to be picked by the robot.

This feed zone consists of two cylinders. A cylinder
(X) preparing the seal for placement in the "Gripper"”
and a second one (Z) laying the seal within the
"Gripper”. This is fixed due to the frictional force
caused by the double cylinder (Z) which is the
"Gripper”. The (Z) cylinder is the vertical motion of the
gripper depicted in figure 1.

After the seal is within the gripper, the robot, will
move the "Gripper" in the (XY) plane to the desired
position and place the seal in the cable plug terminal.

After positioning the "Gripper", the cylinder
containing the seal is activated, approaching the hole
(where the seal will be placed). Subsequently, the other
cylinder is actuated a first time to put the seal into the
hole and a second time to ensure the correct placement
of the seal in the hole. Finally, the "Gripper", return to
the feed position.

When completed the seal pattern for a plug terminal,
the robot controller expects a new button press "Start"
by the operator, for continuing the process.

The next section presents a simulation of the above
described process, where the feeding zone and the
vibratory reservoir are simulated by two conveyors.

3. Simulation Scenario

To simulate the developed machine a simulation
scenario was built using a physical robotic simulation
environment (V-REP) and Matlab. The needed software
modules  were developed, that included the
communication layers, between Matlab and V-REP, and
also between a MySQL database, to store the
knowledge to the system, related to the sealing patterns.

As such the full system comprises, as depicted in
figure 2;

- a 3 dof scara robot, two conveyors, two types of seals
and the plug terminals, simulated in V-REP;

- the robot controller, calibration and GUI interface,
simulated in Matlab;

- the MySQL database;

that will be depicted in the next subsections.

System
Calibration

|

Gul Robot V-REP
Kinematics Communication T
Matlab

Plug Configuration |
DATABASE -rep
vitual robot experimentation plotform
MySQL

Figure 2: Simulation Components overview.

V-REP Simulation Components

The V-REP [1] simulation consists of the following
parts:
- a 3 DOF robot, figure 1, with two rotational joints
(with planar motion) and one prismatic joint with
vertical motion, to pick and place the seals (figure 3,
right);
- two conveyors, depicted in figure 1, to transport the
two types of seals;
- three cable terminal plugs, as depicted in figure 3 left,
where the seals are to be placed;

Figure 3: Cable plug terminal for seal placement (left).
Seals of different size (right). (3D CAD model).

The Matlab Environment Components

The Matlab environment components consists of the
following parts:
- the robot controller;
- the Matlab communication to V-REP;
- a System Calibration based on a vision module, not
presented in this paper.

The MySQL Database Components

The MySQL Database components consists of the
following parts, depicted in figure 4:
- a software module in Matlab to connect to the Robot
controller;
- the ‘id” and ‘code’ for each seal pattern, e.g., the ‘id’ is
the name of the seal pattern and the ‘1’ and ‘0’ states if
there is to be, or not, a seal a given plug terminal
position;
- the GUI interface, figure 5, that comprises an
interface, from the Matlab environment to the MySQL
database, communicating in both directions;
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MySQL » Servidor » rowes » Selecionar: seal_pattern

Selecionar: seal_pattern

Selecionar dados  Mostrar estrutura  Modificar estrutura  Novo Registo

Selecionar Procurar Ordenar Limite Tamanhe do texto Ao
50 100 Selecionar

SELECT * FROM "seal pattern’ LIMIT 50 Modificar

Modify id code

modificar [FULL  11111111111111111111111111111111111111111111111111111111111111
modificar EMPTY 00000000000000000000000000000000000000000000000000000000000000
modificar um 10000000000000000000000000000000000000000000000000000000000000
modificar teste  10000000000000000000000000000000000000000000000000000011010010 ‘
modificar | dois 1 01000000000000000000000000000000000000000000000000000000000000

Figure 4: MySQL database snapshot.

|
|
|
[
|
[ |
|
|
[
[ |
|
|
|
u
|

Ml s E EEEEEEEEEEEN

|
L N |

Figure 5: GUI for operator interface, to the database
and/or to the robot controller.

4. CORA Application

In 2015, IEEE Robotics and Automation Society
produced its first ever standard [2]. The standard was
related to ontologies and was focused to represent the
basic knowledge related to the robotics domain to be
used by the community [3] From the represented
knowledge is then possible to reason in robots, the
environment and human co-workers, to jointly perform
tasks. Moreover, the standard provides tools for a
formal reference vocabulary to be used in the
communication between humans and/or robots. In this
paper is applied the standard towards the representation
of the machine knowledge, in its levels, i.e., the
machine components, processes, and environment. The
first part, will be addressed in this section. The
processes and environment parts, will be addressed at
the application domain level in the next section.

For the machine components was applied directly
the IEEE standard, i.e., the Core Ontology presented in
[2] where the Robot Main Parts and relations were
proper defined.

In figure 6 is presented directly the definitions in the
standard, where is depicted that a robot is a device and
also an agent that can reason, based on knowledge.
Moreover, is figure 6, are also depicted several types of
devices that can be part of a robot, e.g., a sensor, a
mechanical link, etc.

From the Knowledge based built, all the components
from the machine are instantiated. For the pneumatic
actuators present in the gripper, the instances were
named: AC-02 and AC-01, as depicted in figure 7. In
the same figure the instance SE-01 is a sensor that is
equivalent to the sensor classes: proximity sensor,
switch sensor, inductive sensor. The Robot is named
‘3dofRobot’ and the GriperEfffector class have an
instance named ‘PlaceSealGripper’. For the sensors and
actuators, the instance names in the knowledge base are
exactly the same that are present in the electric circuits,
which is very useful for maintenance.

[
or
7 N\ o
P X ‘
# 3dofRabot

§ AC-02 4 AcC-01

*® GripperEffector
@ PlaceSealCrippe
'

@ SwichDevice | e

Figure 7: Instances of the CORA ontology when applied
to the application scenarion

—| © InductiveProxim ;
itySwitchDevice | # SE-01

Figure 8, presents the physical components of the
robotic system, i.e, a close up of the real
‘PlaceSealGripper’ and the two pneumatic actuators and
the sensor to detect the cylinder back position.

Figure 8: Physical implementation of the gripper for
seal placement, with two actuators and one sensor
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Figure 9: Components knowledge model based on the ontology

The main sensors and actuators are present in the
knowledge model depicted in figure 9, where all the
instances are present. Moreover, several information can
be inferred from the diagram. The actuator ‘AC-09’ is
attached to ‘LinkX’ that is also attached to the
‘3dofRobot’, being the latter an instance of the class
‘Robot’. Similar inferences can be drawn for the sensor,
e.g., ‘SE-08’ is attached to the ‘SealFeederBase’.

5. Application Domain Ontology

In this section are presented the tasks that the
robot must perform to achieve the goals defined in
section 2, i.e, to place the seals in the cable plug
terminal.

Figure 9, presents the main sub-processes within
the main class defined in CORA ‘RobotMotion’. The
tasks are high level defined in the ontology and have a
low level implementation in the robot controller.

The Tasks defined are directly related to the
actuators. The tasks ‘ReleaseSeal’ and ‘CaptureSeal’
use the pneumatic actuator. The task ‘RotateBasel120’
use a 3 phase electric motor to rotate the base where the
cable plug terminals are to be located, for seal insertion.
All the other tasks use the two DC motors of the robot
joints to move the robot in the XY plane.

MoveY

MoveXYSync

is
Homing
/

I =P
{ Process pi-t=d—{ Motion he=s—{ RobotMotion e=sed———ri MoveX
[— .

\(amuve&cal )

RotateBase 120

MoveFeederPneumaticYaxis

"MoveFeederPneumaticZaxis

ls=a MoveOutterPneumatic
Releaseseal J<F

MovelnnerPneumatic

Figure 9: Snapshot of the application domain ontology,
related to the High Level Robot Motion Processes.
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6. Results and Discussion

In this section are presented the results of using the
knowledge model defined in the ontology. The main
results were obtained by reasoning with the ontology,
and by using the GUI interface to program the robot
controller in the simulation scenario, and also to
interface with the cloud with the sealing patterns.
Reasoning

Using the ontology and description logic queries is
possible to is a straight forward way to obtain, to obtain
the following information:

Query (class expression)

(robotSensingPart some EndEffector)

Execute Add to ontology
Query results

#SE-01

Sensors on the end-effector of the robot, as depicted
in figure 10.

Actuators on the end-effector of the robot, as
depicted in figure 11.

Devices that are needed in a defined task, as
depicted in figure 12.

A clear explanation for some of the information
given on a query, as depicted in figure 13, for the
query depicted in figure 12.

Direct superclasses
Superclasses
Equivalent classes
Direct subclasses
Subclasses

Instances

Figure 10: Query about sensors on the end effector.

Query (class expression)

(robotActuatingPart some EndEffector)

Execute Add to ontology

Query results

Instar
®AC-01
@®AC-02

Direct superclasses
Superclasses
Equivalent classes
Direct subclasses
Subclasses

Instances

Figure 11: Query about actuators on the end effector.

Query (class expression)

Device and (hasPurpose some Homing)

Execute Add to ontology

Query results

Direct superclasses

ECETHY T e

#SE-06
#SE-03
®AC-09

Equivalent classes
Direct subclasses
Subclasses

Instances

Figure 12: Query about devices involved in a task.

DcMotor SubClassOf ElectricalMotor

AC-10 Type hasPurpose some Homing
ElectricalMotor SubClassOf Motor

AC-10 Type PermanentMagnetDcMotor

Motor SubClassOf MechanicalDevice
PermanentMagnetDeMotor SubClassOf DcMotor
MechanicalDevice SubClassOf Device

Figure 13: Explanation why AC-10 is involved in a task
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In figure 14 is presented the robot in operation,
using V-REP, where the sealing pattern defined in
figure 15, was stored in the cloud.

Figure 14: Sealing Machine in Operation,

V-Rep Simulation.
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Figure 15: Sealing Machine in Operation,
Matlab GUI interface.

7. Conclusions

The paper proposed an ontology driven framework
to define a machine used for automatic pick and place
robotic tasks. The developed framework was
successfully simulated and validated in an automotive
manufacturing environment where seal have to be
placed in a cable plug terminal.

The developed framework was built based on the
IEEE ORA standard. Specific contributions were
developed to extend the previous ontologies to the
presented application case, e.g., for interaction with
environment and robot movement. Moreover, a database
of seal patterns is implemented in the cloud to be
fetched, as needed, by the robot. Based on the
tasks/processes  obtained from the developed
framework, the robot will seal a batch of cable
terminals, automatically.

The system was validated by the implementation in
a simulated scenario, in V-REP, using a 3 dof, Scara
Robot. The knowledge base, specially defined for the
developed framework, based in CORA, was also
validated by performing first order logic reasoning
actions to obtain valuable data for production and
maintenance at the factory level, namely information
about sensors, actuators, and its purpose in the tasks
defined in the ontology.
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Abstract - The paper aims to obtain automate positioning of nodal points through an equipment that
basically consists of a microscope objective with 6.3 that project the image given by objective in

electronic component called quadrant.
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1. Introduction

Optical increases determine dimensionless ratio of
linear dimensions of the lens / objective and image. If to
a linear element ds from object space corresponds to a
linear element ds” in space image, then report ds” / ds is
called linear magnification / zoom. In view of the
projections ds and ds” elements on the coordinate axes
(Figure 1) and the equation (1):

7’=fxf'lz
y’:?xy/z ()
X' =fxx/z

can be defined:
- axial increasing

a=0'ldz=-Fxf'122==2%1FTxf" (2
- transversal increasing

B =dy'ldy=y'ly=flz=2'/f" @
- angular increasing
y:tga’/tga:—z/f’z?/z’ 4

Figure 1

The cardinal points are points that optical
magnification / zoom take unit values:

a=+1 ; p'=+1 ; y=%1

Cardinal planes are planes perpendicular to the
optical axis passing through the points mentioned. We
have practical interest only cardinal and planes points

that correspond to values S’ and . From:
B=yIly=+l=Fflz=2'1f" resut z=*

and z'=f' where z and Zz' are distances of

principal object plane and image from image focal
planes. At the intersection of the main optical planes
with optical axis result points H (object) and H'(image)
(Figure 2 and 3).

Figure 2
yl
Ji Z=7 y 744 '
M £/ H
- z:-1 r s d Z:-f
"I
Figure 3

It is assumed that the optical system of Figure 4 turns
around of the nodal point N’= H'until the incident
beam R, which make the angle o with optical axis
becomes parallel to the optical axis, that means the
point 0'in the image focal plane become the point 0’ on
the optical axis.
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By this rotation, the focus F’ is moving in (F'),and
between initial position F'and point (Q") appear a
position error Af ',

{1

’ . O
4 R’
/
a % |/
dn "l =0 | \oy @
G ~ ﬁ’/” \\\ }o‘ ’
’ Vi °
o y ~F
’ Sd(F)
/ bad
Figure 4

From the triangle N’ (F")(0") result:
Af"=f"/coso— f'=f'(l/coso—1) (5)

2. Equipment presentation and technical details

The equipment is designed for laboratory use and
aims to obtain automate positioning of nodal points
through an intelligent equipment. The quadrant provides
a combination of signals that enter into a scheme of
automation.

Figure 5: 3D view of the equipment

The equipment requires a 3 distinct translations axis
X,Y,and Z.

Z axis is required to bring in coincidence the image
plane of photographic objective with object plane of the
microscope objective of the projected equipment.

Movements on X and Y axis are required to align
the optical axes of the two systems. The working step is
done by watching through ocular of the equipment
which comes into operation by switching / reversing a
mirror.

Figure 6: Lateral view of the equipment

Light spot image of a collimator lens captured by
photographic objective through a microscope objective
goes to the quadrant.

Due to the oscillatory movement gave to
photographic objective from equipment mechanism, the
image obtained is moved left and right around a vertical
axis. This movement is captured by equipment
microscope and placed on the quadrant.

Figure 7: Frontal view of the equipment

This image excites the photovoltaic elements of
guadrant at a time, the two excitations being in reverse
phase.

Initially mechanism is in one extreme position, and
software that control the engine begins his movement in
the opposite direction. At a time when the oscillation
axis of objective passing through the nodal point of the
lens, the light beam is on the optical axis of the system
at the same time. At that time, the two components of
photovoltaic quadrant are equally excited and the motor
stops.

The components used developed for equipment are
mechanical types, some can be bought (objective,
eyepiece, mirror dump), others where been designed
and built.

Movement after X axis is done via a screw with
1mm step that moves the mechanical stage - which is
placed on two cylindrical steel bars. Answering to the
mechanical clearance and avoid the return stroke when
changing the direction, is using an assembly of two nuts
and having a spring expansion between them

Figure 8: Mouvement after X axis: 1- Stage after X
direction; 2-Support table / stage; 3- Guide element; 4-
Handle; 5- Drive handle; 6- Bearing support; 7- Rider
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Movement after Y axis is also performed / guided
on ball bearings, with the help of a rack controlled by a
worm gear whose worm is activated by the buttons of
ax.

Figure 9: Mouvement after Y axis: 1- Stage body Y; 2-
Support platform; 3- Guide element after Y; 4- Worm
gear; 5- Drive handle; 6- Guided element after Y axis
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3. Conclusions:

The equipment is designed for laboratory use and
aims to obtain automate positioning of nodal points
through an intelligent equipment. The equipment was
improved constantly and is free to use by student and
researchers.
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Abstract - Card-based production control systems, such as CONWIP and POLCA, were developed for
manufacturing companies operating under non-repetitive and high-variety production. They implement
simple approaches to production control - but are they effective in the make-to-order? This paper analyses
and compares the performance of these two card-based systems in the context of a make-to-order general
flow shop operated under different lot splitting policies. Lot splitting allows large jobs to be split into
smaller transfer sublots so they can move more quickly and independently through the production process
as result of operations overlapping. Results highlight the importance of splitting jobs in order to increase

the effectiveness of both production control systems.

Keywords: Production Control; CONWIP; POLCA, Lot Splitting; Simulation.

1. Introduction

The Toyota Kanban System (TKS) [1] is a card-
based production control system that implements a
simple and effective approach to production control
under make-to-stock (MTS) manufacturing. TKS was
developed for the repetitive and low-variety production,
and designed to maintain a certain amount of inventory
for each part number at each production stage. For the
non-repetitive and high-variety production different
control approaches are necessary [2]. Therefore, several
alternatives to TKS have been proposed over the last
decades that apparently address this need. Two
paradigmatic examples are CONstant Work in Process
(CONWIP) [3] and Paired-cell Overlapping Loops of
Cards with Authorization (POLCA) [2]. These
production control systems share the TKS simplicity -
also using production authorisation cards - but are they
effective in the make-to-order production? Moreover,
their effectiveness under lot splitting, to the best of our
knowledge, has not been thoroughly assessed. In order
to assess such effectiveness, we compare the
performance of these two production control systems
for a make-to-order general flow shop operated under
different lot splitting policies.

Lot splitting allows large jobs to be split into smaller
transfer sublots so that they can move independently
through the production process. This aims at shortening

throughput times of jobs and making a better use of
manufacturing resources. The basic idea is not to
process the whole job at one workstation and then move
it to the next, but to move smaller quantities (sublots) to
the next workstation as soon as they are completed. This
allows job progress to be accelerated and due date
performance to be improved as result of operations
overlapping, as pointed out by [4, 5], among others.
Further benefits of lot splitting are the reduction of the
amount of storage space needed as well as the capacity
of material handling equipment required.

Although, much simulation research has been done
on comparing production control systems (e.g., [6], [7],
[8], [9] and [10]) most studies assume that jobs are
released to the shop floor without being split. Two
noticeable exceptions are [11] and [12]. The former
includes the impact of lot splitting in the specific
context of Drum-Buffer-Rope (DBR), while the later
includes the impact of lot splitting within Workload
Control (WLC). Both studies found that significant
improvement in shop performance can be realized if lot
splitting is used.

This research work gives a contribution to fill the
identified research gap, by using discrete event
simulation to model and analyse the impact of lot
splitting in the context of card-based production control
systems. In particular, the following research questions
are addressed:
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1. How card-based systems perform in the context of
make-to-order production?

2. How lot splitting impacts the performance of card-
based systems?

The remainder of the paper is organized as follows.
In Section 2, we present the simulation study carried
out, including the simulation model, the experimental
set-up and the performance measures considered. In
Section 3, we discuss the results of the simulation study,
and finally, in Section 4 of the paper, we summarize key
results and managerial implications.

2. Simulation Study

Simulation will next be used to experimentation
towards answering the above research questions. A
discrete event simulation model was developed using
Arena® software.

2.1 Simulation Model

In this study, we consider a six-stage manufacturing
system with one machine per stage. Table 1 summarises
the characteristics of the simulation model.

Table 1. Job and Shop Characteristics
Shop configuration | General flow shop; no re-entrant
flows

No. of workstations | 6

Workstation All equal and constant over time
capacities

Workstation 90%
utilization

Inter-arrival times Exponentially distributed; mean =
0.647 time units
No. of operations Discrete uniformly distributed [1,

per job 6] operations

Job size (quantity) Discrete uniformly distributed [1,
4] units

Unit operation times | 2-Erlang, mean = 0.4 and truncated

at 1.6 time units

Sequence independent

Set-up time

Production flows are in accordance with the general
flow shop, which is seen as a more realistic model of the
flow structure of job shops in practice than pure job
shops [13, 14].

As customer orders arrive to the production system,
their operation times and due dates are established. It is
assumed that all orders are accepted and enough raw
materials inventory is always available. Orders inter-
arrival times follow an exponential distribution and due
dates are market driven and set by adding a uniformly
distributed time allowance to the time of order arrival.
In this study, the allowance varies between 35 and 55
time units. This leads to approximately 18% of orders
being tardy under immediate release if orders are not
split.

Arriving orders (or job lots) are split into smaller
sublots of equal size, which can be processed
independently in the different stages of job progress.
The number of possible sublots in each job is directly
related with the job size, i.e. the order quantity. To
reflect the environment where customers demand
unique or small quantities of products, the order
quantity is randomly generated according to a discrete
uniform distribution between one and four units. Thus,
also the number of sublots for each job can range from
one to four.

In our simulation model, unit processing times at
each operation are drawn from a truncated 2-Erlang
distribution with a mean of 0.4 time units and a
maximum of 1.6 time units. These are then multiplied
by the job size to obtain the processing time of each
operation of the job. The arrival rate combined with
routings and processing times ensures that utilisation is
90% at all workstations. Additionally, assumptions are:

e Workstations capacity remains constant over time
and no breakdowns have been modelled.

e Set-up times are assumed to be sequence-
independent and included in the operation
processing times.

e Distances and transportation times between
workstations and between production stages are
assumed to be negligible.

e Information of production control events and
production control cards are transmitted instantly.

The simulation model presented here was kept
simple in order to ensure easy and correct interpretation
of the effects and getting results that may contribute for
the understanding of the behaviour of more complex
production systems.
2.2Production  Control:  order release and
dispatching

Production Control addresses two main functions:
order release and priority dispatching. Order release
determines the time and the orders (jobs) to be released
into production. Release decisions are usually based on
the jobs’ urgency and on their influence on the current
shop floor situation [15]. Priority dispatching
determines which jobs in queue should be selected next
for processing once a workstation becomes idle.

In the manufacturing system considered, an arriving
customer order immediately flows into a pre-shop pool,
waiting its release to the shop floor for processing. This
means that orders (jobs) are not immediately released to
the shop as they arrive. Rather, they must wait for
capacity availability at the shop floor. The use of a pre-
shop pool is expected to reduce the level of work-in-
process and allow better control over the flow of
production orders through the shop. Jobs in the pool are
sequenced according to their urgency, i.e., a planned
release date (Equation 1), and released under one of the
following card-based production control systems:
CONWIP and POLCA.
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4 =d; Sen, b (1)

Where:

7; Is the planned release date of job j;

d; is the due date of job j;

b, is the lead time at workstation k;

R; isthe set of workstations in the routing of job

j.

Lead times at each workstation were fixed at 7 time
units based on the throughput times observed in
preliminary simulation runs under immediate release;

In both production controlsystems cards are not part
number specific (i.e. are job anonymous) and can be
acquired by any job waiting release in the pre-shop
pool. One production authorisation card per sublot is
attached to the job. Under CONWIP, cards are attached
to the job at release and detached when the job
completes processing. Detached cards are sent back to
the pre-shop pool where they can be attached to new
jobs entering the system. POLCA uses overlapping
loops of cards between successive workstations in the
routing of the job. These ensure a workstation will only
process jobs for which capacity has been reserved at the
next downstream workstation in the routing of the job.
Cards can be acquired by any job entering the first
workstation of pair. These are attached to a job at the
first workstation of the pair and detached after job
completion at the second workstation of the pair.
Detached cards are sent back to the first workstation of
the pair, where they can be attached to new arriving
jobs.

The role of priority dispatching tends to be
modest when order release control is applied, because
the choice among jobs is limited due to short queues
[16]. Thus in this study shop floor dispatching is based
on first-come-first-served (FCFS) priority dispatching
rule that supports the natural flow of the orders through
the shop, stabilizing operation throughput times.

2.3 Lot Splitting

Regarding lot splitting three alternative policies are
analysed to determine whether splitting should be
considered or not and when, i.e. before or after release:

e Policy P0O: The job is not split, and thus released as
a whole.

e Policy P1: The job is split before release and
sublots are released independently to the shop floor.

e Policy P2: The job is released as a whole and then
split on the shop floor into sublots.

2.4 Experimental Design and Performance Measures

The experimental factors and simulated levels of the
study are summarised in Table 2. Two production
control systems, CONWIP and POLCA, are applied to
release jobs and control the materials flow. Both

production control systems were tested at 6 card counts
and for 3 lot splitting policies. Thus, 36 simulation cases
are tested (2 production control systems x 6 card counts
x 3 lot splitting policies). Each test case runs 100
replicates. The time horizon for a simulation case is 13
000 time units and only data of the last 10 000 time
units are collected, i.e., a warm-up period of 3 000 time
units is considered.

The number of production authorisation cards is
an experimental factor in our study. CONWIP uses a
single-type production authorisation card. POLCA
requires one card type per pair of workstations. Once we
have a balanced shop we define the number of cards per
pair of workstations to be equal in POLCA.

Table 2. Experimental factors and levels

Experimental factor Levels
Production control systems | CONWIP ‘ POLCA
Number of cards 6 levels of restriction
Lot splitting policies PO \ P1 \ P2

We use two types of criteria to evaluate the system’s
performance: (1) the ability to deliver jobs on time, and
(2) the ability to provide short delivery times. To
measure performance with regard to the first, the
percentage of tardy jobs and the standard deviation of
lateness are recorded. To measure performance with
regard to the second, the shop throughput time and the
total (or system) throughput time are used. The shop
throughput time refers to the time that elapses between
job release and job completion. The total throughput
time is the shop throughput time plus the pool delay of
jobs. Note that job lot is not completed until all the
sublots that belong to it are fully processed. The
synchronization time is the time that elapses between
the completion of the first and last sublot of a job.

3. Simulation Results and Discussion

Here we present and discuss the results of the
simulation study described in the previous section.
Section 3.1 focuses the impact of production control
systems on performance when jobs are not split. A
detailed analysis of their impact under two splitting
policies is presented in Section 3.2.

3.1 Impact of Production Control Systems

Figure 1 (a, b and c) plot the percentage of tardy
jobs, total throughput time, and the standard deviation
of lateness, respectively, against the shop throughput
time for production control systems. By comparing
performance curves, we can determine performance
differences for different values of card counts. A marker
on a curve is the result of simulating a production
control system at a specific card count. Six card counts
have been simulated, including infinity. This means
unrestrictive release of jobs to shop and is used as a
base line for performance comparisons in the study.
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Figure 1. Performance of production control systems

under Policy PO for: (a) percentage of tardy jobs; (b)

total throughput time; and (c) standard deviation of
lateness.

This Figure shows that decreasing the number of
production authorisation cards, i.e. from right to left,
leads to lower shop throughput time. This is due to
having fewer jobs, i.e., less working-in-process, on the
shop floor. As expected, unrestrictive release, shown by
the right hand point on each curve, results in the highest
level of shop throughput time. For an initial reduction in
the number of cards available, a slight reduction in the
percentage of tardy jobs and on the total throughput
time is observed under POLCA control. However, if
CONWIP is used, such a reduction on the number of
cards available lead to an increase on this two
performance measures. Germs and Riezebos (2010)
already concluded about the lack of balancing capability
of CONWIP, expressed by the increase of total
throughput time when cards are restricted.

POLCA clearly outperforms CONWIP for the

percentage of tardy jobs and total throughput time.
However, this is obtained at the cost of a higher
standard deviation of lateness, particularly under low
card counts, i.e. low work-in-process.

3.2 Impact of the Lot Splitting Policy

Figure 2 (a, b, ¢ and d) plots the percentage of tardy
jobs, total throughput time, standard deviation of
lateness and synchronisation time, respectively, against
the shop throughput time for different combinations of
the experimental factors. From this Figure it can be
observed that splitting policies P1 and P2 perform better
than the non-splitting Policy PO. Splitting jobs decrease
throughput times through operations overlapping. This
is independent of the production control system applied,
i.e. POLCA or CONWIP.

Comparing splitting policies P1 and P2, it can be
seen that policy P2 allows for a better performance in
what concerns the percentage of tardy jobs and total
throughput time. This is obtained at the cost of a higher
standard deviation of lateness under CONWIP, when
compared with POLCA. This seems to be explained by
the fact that CONWIP tends to retain large jobs
(particularly with long routings) in the pre shop pool
when there aren’t enough available production
authorisation cards to release them to the shop. This
behaviour of the standard deviation of lateness is not
noticeable under POLCA release. Apparently, since
POLCA controls the release of jobs based only on the
first pair of workstations in the routing of the job, and
not on the complete routing of the job, makes the
release decision easier for long-routing jobs than does
CONWIP. This problem with CONWIP is mitigated by
policy P1 because jobs are spitted before release. This
means that in case of lack of enough authorization cards
for releasing the whole job, some sublots of the job may
still be released with the available cards. However, this
creates another problem, as we can see from figure 1d.
Since sublots that are released independently have to
wait, after processing, for others released later,
synchronization time of jobs will increase under policy
P1 in relation to Policy P2.

4. Conclusions and Managerial Implications

In this paper we compare, using discrete simulation,
the performance of two card-based systems, CONWIP
and POLCA in the context of a make-to-order (MTO)
gen-eral flow shop. Both, restrict the workload on the
shop floor based on the number of production
authorisation cards available in system.

The following can be concluded from our simulation
study: (1) POLCA shows to be an effectiveproduction
control approach in the make-to-order production,
reducing shop floor throughput time, total throughput
time and percentage of tardy jobs, comparatively to
immediate release. Its performance can be improved if
jobs are split after its release to the shop floor.
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Figure 2. Global Performance results for: (a)
percentage of tardy orders; (b) total throughput time;
(c) standard deviation of lateness and (d)
synchronization time.

(2) CONWIP on the other hand results in higher values
of total throughput time and percentage of tardy jobs
relatively to immediate release, even when jobs are
split. A major limitation of our study is the reduced
number of manufacturing environ-mental factors
considered. Thus, future research work should extend
our environmental setting, including for example other
shop configurations.
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Abstract: Teaching Engineering students some theoretical concepts of Control Theory is a quite a
challenge. Practical and theoretical skills must be taught in parallel because those students are being
prepared for working at industry, developing added value for the economy of the country where they
belong. In Portugal, the domain of control and automation is quite important due to the fact that economy
grows based on knowledge and development of high added value products. This ideas are being invoked
by government institutions and accepted by industry and universities. So, this work has been developed
on the context of Triple Helix of university-industry-government relationships. Hand-on experiments
related to those concepts may be a significant help.This paper presents two aero-stabilizer workbenches
that were designed in order to help the teaching of Proportional-Integral-Derivative (PID) controllers.
Each workbench has a bar which is free to rotate about one of its extremities. A motor propeller assembly
at the other end of the bar raises it. The desired bar orientation is obtained by controlling the rotation
speed of the motor. Bar orientation is measured with an optical encoder that sends a feedback signal to a
PID controller. The two workbenches differ only on the electronic system that performs the PID control.
One of them uses an industrial Programmable Logic Controller (PLC) for that purpose. The other uses an
Arduino platform. Having both workbenches will allow students to work with two widely used
microcontroller technologies and to compare them. Some fundamental concepts and the main components

required to build the workbenches are described.

Keywords: Proportional-Integral-Derivative
(PLC),Arduino, Hands-on Experiments.

control, Programmable Logic Controller

1. Introduction

One of the main challenges of Engineering teaching
is the proper combination of theoretical knowledge with
practical experience. Theoretical teaching can be easily
addressed in lectures, exercise classes and books, while
the practical requires some resources such as
laboratories. The teaching of Control Engineering is
quite a challenge because the ideas and phenomena
involved in these areas are complex and difficult to
understand (Schmid, 2000).

The Proportional-Integral-Derivative (PID)
Controller is the most common control algorithm used
in Process Control. It is estimated that more than 90%
of the control loops use PID control. Most loops are Pl
type because derivative action is not used very often.
PID feedback is based on the present (P), past (I) and
future (D) control error. It is amazing how much can be
earned with this strategy. It should be the first technique
to be implemented when a solution with feedback is
required (K. Astrom & Higglund, 1995; K. J. Astrom &
Higglund, 2001).

Some types of support devices for the teaching of
PID control may be found in the literature. The most
common are tank systems (Tepljakov, Petlenkov,
Belikov, & Halas, 2013)and furnace systems(Zhao, Sun,

& Wen, 2012).Pedagogical tank systems are very used
because they have significant similarities with real-
world industrial systems and the results of the applied
control are visible. However, they must be filled with
fluid, which may be an important limitation. Even if the
fluid is just water, it is a fact that classrooms and many
laboratories are not equipped with water facilities.
Furnace and other thermal systems are quite abstract
since the temperature is not a visible physical quantity.
Moreover, some thermal systems have large time
constants that may not be compatible with the time
available for experiments during classes

This paper presents two aero-stabilizer workbenches
— each one with one input and one output — that were
designed in order to help the teaching of PID controllers
without the limitations mentioned above. They are
portable, easy to carry to a standard classroom, do not
require any fluids to work and respond quickly to
changes in the output of the PID controller, giving the
students a clear and sharp view of its functioning. The
two workbenches differ only on the electronic system
that performs the PID control. One of them uses an
Omron CP1L-EM30DT1-Dindustrial Programmable
Logic Controller (PLC) for that purpose. The other uses
an ArduinoUNOplatform. Having both workbenches
will allow students to work with two widely used
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microcontroller technologies and to compare them.
Some fundamental concepts related to PID control

and the main components required to build the

workbenches are described in the next sections.

2. PID control

The control signal generated by a PID controller
is:(K. Astrom & Higglund, 1995)

u(®) =K (e(t) + Tlfot e(t)dr + Ty d‘;(:)) 1)

Where:
Kis the gain;
T;is the integral time;
Tyisthe derivative time.

The input of the PID controller is the control error e,
given by the following equation:

e=Yp —Y
)
Where:
Yspisthe set point;
yisprocess variable .

The transfer function of the PID controller is shown in Figure 1

Figure 1(Ogata, 2002).

—ﬁ{& Ii‘:rlj + ,]r!—+ er"|] | D7 ——
5

|

Figure 1 — PID Controller(Ogata, 2002)

2.1. Ziegler-Nichols Rules

Tuning the controller is the process of selecting the
controller parameters required in order to meet
performance specifications. Ziegler and Nichols
suggested rules for the tuning of PID controller based
on experimental results(Ogata, 2002).

Ziegler-Nichols rules correspond to two methods
(Ogata, 2002). The first one consists of obtaining the
response of the plant to a unit-step input. If the result is
an S-shaped curve, it is possible apply this method.
Drawing a tangent line at the inflection point showed in
Figure 2, the delay timeL and the time constantT may be
obtained. Then, the values of the parametersk,,,T; and
T, may be computed using the formulas shown in Table
1.

=1
"~ Tangent line at
inflaction point

K P

oy Tt

I I N S

Figure 2 — Unit-step response of a plant (Ogata, 2002)

Table 1 — Ziegler—Nichols tuning rule based on the unit-
step response of a plant(Ogata, 2002)

Type of
controller Ky T; Tq
p Z oo 0
LT L
Pl 9— — 0
0 97L1 03
PID 1.ZZ 2L 0.5L

The second method consists of using only the
proportional control, increasingK,, from 0 to a critical
value K., and settingT; = o and T; = 0. At the critical
value, the output fist exhibits sustained oscillations and
the corresponding period P.. is obtained. If the output
does not exhibit sustained oscillations for any value
ofK,,, this method does not apply. After obtaining the
values of K. and P, the values of K,,, T; and T, are
computed using the formulas showed in Table 2.

clf)

Figure 3 — Sustained oscillation with period P., (Ogata,
2002)

Table 2 — Ziegler—Nichols tuning rule based on critical
gain (Ogata, 2002)

Type of controller K, T; Tq
p 0.5K,, © 0
ol 0.45K,, 1_12 P 0

PID 0.6K, | O05P, |0.125F,
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After obtaining the values from the two methods, if
possible, the system will be tested and a margin for each
value will be defined.

3. The Workbenches

Each workbench (Figure 4) has a bar which is free to
rotate about one of its extremities. A motor propeller
assembly at the other end of the bar raises it. The
desired bar orientation is obtained by controlling the
rotation speed of the motor. Bar orientation is measured
with a 1024 pulses/revolution optical incremental
encoder that sends a feedback signal to a PID
controller.Figure 5shows a block diagram of the bar
orientation control system. Each workbench will have a
user interface for system control and
monitoring.Students will be able to set a reference angle
for the bar orientation, define the parameters of the PID
controller, verify the oscillations in the system and
cause some deliberate disturbances.

The motor-propeller assembly consists of a Golden
Power A2212-13 brushless motor to which a 23 cm
propeller is attached. The weight of the motor is
0,047kg. This kind of motor has a long service life but
must be driven by an Electronic Speed Controller
(ESC). The 30A ESC used in this project adjusts the
motor rotation speed according to a Pulse-Width
Modulation (PWM) signal produced by the PID
controller. This latter must have at least two digital
inputs and one output capable of producing a PWM
signal with a minimum switching frequency of 8 kHz.

The PID controller in one of the workbenches will
be implemented on Arduino (Figure 6), a prototyping
platform based on easy-to-use hardware and software,
which will be connected to a Personal Computer (PC)
via a Universal Serial Bus (USB) port. Arduino boards
are programmable and have multiple inputs and outputs.
An Arduino UNO board will be used in this project it
has 14 digital inputs / outputs, 6 of which can be used as
PWM outputs. Arduino Software, an open-source
Integrated Development Environment (IDE), allows
writing programs on a personal computer and uploading
them to an Arduino board. Many projects have already
been developed with this technology, from everyday
devices to complex scientific instruments.(Arduino,
n.d.)

To implement its PID controller, the other
workbench will use a Programmable Logic Controller
(PLC), a microcontroller adapted to industry standards
that runs specific functions based on a program. A
Human Machine Interface (HMI) for system control and
monitoring will be used instead of a PC. The PLC is
used in industrial environments to control equipment’s
and to automate mechanical systems. They are very
efficient and reliable in applications involving
sequential control and the synchronization of processes.
The most used programming languages of a PLC are
Function Block Diagram (FBD), Structured Text (ST),
Instruction List (IL), Sequential Function Chart (SFC)
and Ladder Diagram (LAD) (Huyck et al., 2012),(Qin,
2014). A PLC with relay output — one of the most
common types of output — cannot be used in this project
because of the given PWM output requirements.
Instead, a PLC with at least one transistor sourcing
output must be used. The chosen Omron CPI1L-
EM30DT1-D has 18 digital inputs and 12 digital
outputs. Four inputs may be used to read the encoder
channels A and B. Two outputs are able to produce
PWM signals with a switching frequency up to 100
kHz.

1 — Encoder

2 — Motor propeller assembly

3 — Bar support

4 —PID controller (PLC or Arduino)
5-Bar

6 — Power supply

7 — Human Machine Interface (HMI)

Figure 4 — Autodesk Inventor 3D modelof a workbench

Reference Angle PID

Controller

ESC Brushless

— Bar

Motor

Encoder

-

Figure 5 — Block diagram of the bar orientation control system
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Figure 6 — Bar orientation control system with the PID controller implemented on an Arduino platform [adapted from
(Davide Caminati, 2014) and (Motor, 2013)]

Some low-cost laboratory modules, similar to the
one presented in this paper but with significant
differences, are available. For example, instead of
general purpose platforms like Arduino boards or PLCs,
the systems developed by E. T. Enikov & Campa
(2012), Yang & Chou (2009), and Giiltekin & Tagcioglu
(2011) use specific PID controllers. Using general
purpose controllers may be an important advantage,
since it enables students to experiment and gain
knowledge of widely used platforms. The system
presented by Giltekin & Tagcioglu(2011)use two
brushless DC motors, each one able toprovide thrust in a
single direction.E. T. Enikov & Campa(2012) designed

a portable system with a DC motor and feedback
provided by a potentiometer. Yang & Chou
(2009)propose a slightly different setup with two bars
and a DC motor.

4. Mechanical system model

Students will obtain experimentally the tuning
parameters of the PID controller. However, it is useful
to have a previous estimate of those parameters,
obtained by computations, which requires modelling the
mechanical system of the workbenches (Figure 7).

Figure 7 — Mechanical system of the workbenches

Using Newton’s Second Law and D" Alembert
Principle, the mechanical system may be modelled as
follows(E. Enikov, Polyzoev, & Gill, 2010):

mL?6 = —mgLsin® — ch + TL (3)
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Where

m = mass of the motor-propeller assembly (kg);
L= distance from point O to point B (m);

6 = angle between the bar and a vertical line (rad);
g = gravitational acceleration (m/s?);

¢ = viscous friction coefficient (Nms/rad);

T = thrust force produced by the propeller (N).

The thrust force produced by the propeller is given
by:

T =mg sinf + u 4)

Where
u isthecontrolsignal.

The transfer function of the resulting linear system is

0(s) _ L
U(s) mL2s24cs

()

5. Conclusions

Two aero-stabilizer workbenches designed in order
to help the teaching of PID controllers were presented.
The two workbenches differ only on the electronic
system that performs the PID control used to keep the
desired orientation of a bar with the help of motor
propeller assembly. One of them uses an industrial PLC
and the other uses an Arduino platform. Having both
workbenches will allow students to work with two
widely used microcontroller technologies and to
compare them. Some fundamental concepts related to
PID control and the main components required to build
the workbenches were described.
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Abstract - According to the World Economic Forum, in less than five years from now, over one-third of
skills that are considered important in today’s workforce will have changed. By 2020, a Fourth Industrial
Revolution is expected to have promoted an exponential pace of change in every aspect of how we live
and how we work. In a near future, the increase of digital interconnectivity will promote the emergence of
new business models that have no longer to be limited by geographic borders and constraints. This may
represent major opportunities as well as interesting challenges to low density and peripheral territories.

In the light of the disruptive changes driven by this set of events, it is important to assess current workers’
skills in order to develop dedicated strategies that will foster the envisaged skillset alignment. To this end,
a pilot experience was developed in the region of Castelo Branco, classified as a peripheral territory in the
Portuguese context. Structured and semi-structured interviews were conducted in diverse industrial and
service driven companies in order to assess the local workforce language skills, as well as their
intercultural communication abilities. Preliminary findings show that even though labourers are aware of
their needs related to the aforementioned communication skills, much work is still needed to promote its
widespread increase in local companies.

Keywords: regional ecosystems, peripheral territories, 4™ Industrial Revolution, workforce skillsets,

intercultural communication

1. Introduction and scope

In the midst of a new Industrial Revolution, a
disruptive change of technological, economic and social
systems is expected to take place in a near future. As in
previous revolutions, work context, social interactions
and wealth generation are foreseen to be drastically
modified, e.g., the First Industrial Revolution promoted
an aggregate shift of employment and incomes from
agricultural to industrial activities alongside with a
sustained increase in output growths [1]. Unlike the
First, which was literally powered by the use of steam in
the industry to mechanize production, in the Second
Industrial Revolution electricity and new organizational
skillsets created conditions to improve even more the
high work rates generated with the preceding revolution,
consequently enabling a widespread adoption of pre-
existing technological systems to create mass-
production. The combined effect of electricity as a new
energy source with the advances of both production
technology and new management tools lead to the
upsurge of the Second Industrial Revolution [2].

More recently, the Third Industrial Revolution
took place based on the extensive use of electronics and
information technology [3], hence allowing current

automation of manufacturing, as well as of related
processes. This new revolution came to solve the
paradigm of mass-production which was running into
difficulties in relation to growth rates, high levels of
unemployment and trade imbalances. As such, it
allowed a transition from an era of mass-production to
one of flexible specialization [4]. It was this flexible
specialization that allowed some degree of
manufacturing customization - by opposition to large
scale mass-production - linked to a new breed of
flexible electronics-based automation technologies.
Currently, a Fourth Industrial Revolution is
building on the Third and is characterized by the use of
cyber-physical system, which results from the fusion of
technologies that are blurring the lines between the
physical, the digital, and the biological spheres [5].
Even though the mere designation of «Fourth Industrial
Revolutiony is not consensual among current academia,
industry or researchers, they all seem to agree that the
envisaged key  technologies and  associated
performances are expected to take place in a relatively
near future. However, job losses and a further de-
industrialization are feared with the advent of such
revolution, whilst current debate focuses on employees
regarding ergonomics, integration and cooperation with
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these technologies [6].

According to the World Economic Forum [7], in
less than five years from now, over one-third of skills
that are considered important in today’s workforce will
have changed. By 2020, the Fourth Industrial
Revolution is expected to have promoted an exponential
pace of change in every aspect of society and work. In
this near future, an increase of digital interconnectivity
may promote the emergence of new business models
that will no longer be limited to geographic borders and
constraints. To this end, as significant changes to
business models are forecast to impact the employment
landscape over the coming years [7], current
investigation aims to find ways of empowering low
density and peripheral territories workforce, like the one
of the Portuguese Castelo Branco Region.

2. Lifelong learning as empowerment tool

Lifelong learning is the way in which voluntarily
and self-motivated professionals constantly seek for
knowledge [8] According to Aynur & Biilent [9],
lifelong learning can be understood as all learning
activities with the purpose of developing knowledge
from the individual and social dimension, in order to
achieve quality and constant learning in life. Preece [10]
has defined lifelong learning as all of the activities of
learning from birth to death which can be formal,
pervasive and informal. Hursen [11] described the life-
long learning competencies as: self-management,
learning to learn, initiative and entrepreneurship,
information retrieval, digital and decision making.
These competencies are closely related to the learner’s
professional life and his/her competencies at work. They
imply to be able by oneself to take decisions for
professional development, to be able to motivate oneself
for professional development and new learning,
determining the existing opportunities for professional
development, be able to adapt into information change
in professional life or being able to access information
and to use internet and computers [12].

Based on the viewpoint of the labour or jobs, the
need of new education and new learning models, both
for current as for upcoming workers, seem to be the key
to adapting to future digital trends. It is this ability of
digital technology to change outcomes that can create a
more equitable growth. This is true not only for
developed state-of-the-art technology savvy countries,
but due to the significant increase of interconnectivity,
digital technology is becoming progressively available
to developing countries and regions. This may create the
conditions for such peripheral territories to play a
significant role in the forthcoming Industrial
Revolution, thus reducing their development gap when
compared to current leading countries.

As for every previous Industrial Revolution,
disruptive changes are expected to take place
cumulatively on technological, economic and social
dimensions. New technologies are envisaged as
enabling workplace innovations such as remote
working, co-working spaces and teleconferencing,

enforcing organizational changes that may lead up to
44% of current workforce having to look for new work
environments and accept flexible working arrangements
in a near future [7]. In addition, theory related studies
show that these technological changes may also cause
modifications in mental work demands [13], thus
affecting the way workers face and adapt to such
disruptive set of events.

It is known that the adoption of new technologies
usually comprises a significant effort in terms of
learning. As such, skilled labours show to have an
advantage at this, as they can more easily adapt to new
work arrangements and associated demands. Lifelong
learning allows effectively adjusting to such constrains
as the foreseen advance in technology will be associated
to a new skillset envisaged for future workers. Lifelong
learning literally means that learning should take place
at all stages of life and, in more recent versions, that it
should be life-wide, i.e., during and after schoolyears, as
well as in private life [14]. As such, it will become
increasingly important for current workforce to be able
to educate themselves in order to keep up with the new
work environment paradigm of adaptability and change.
On the verge of the new Industrial Revolution, an
efficient worker should consider the ability to recognize
the need of lifelong learning and the skills to self-
educate as two of the major requirements to survive and
succeed in upcoming demanding work environments.

Considering that future companies are likely to
have an ever-smaller pool of core full-time employees
for fixed functions, backed up by colleagues in other
countries and external consultants and contractors for
specific projects [7] a skillset with intercultural
communication abilities appears to be key in such
context. Considering the envisaged working scenario,
companies are most likely to prefer contracting
employees that have strong English and inter-culture
language skills, thus enabling efficient global
communication networks among their workers,
suppliers and clients.

3. The role of intercultural skills in the workplace

English has been, in the last few years, chosen as
the language of work or the corporate lingua franca.
Due to the growing internationalization in the current
global market, workers need to be prepared to express
themselves in English. Increased globalization implies
that countries, companies and also individual business
need to collaborate and compete internationally. The
internationalization and the increased volume of trade
between Europe, the US, and Asian countries are
responsible for the growth of non-western research [15].
Mostly the use of English in Portugal, and also in the
Castelo Banco region, is due to the fact that English is
generally used in companies especially in those with
international contacts.

The growing globalization, the presence of
foreign companies in the country, Portuguese
companies having international contacts and foreign
investors buying Portuguese companies (for example
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Chinese) suggests the choice of English as
communication language. In this context, the lack of
foreign-language and intercultural skills is often
pointed-out as the cause of a significant lack of
opportunities in the corporate world [16]. Considering
that in a global competitive market the communication
language skills have been proven to be increasingly
important, a framework strategy for multilingualism
was proposed by the European Union, based on the
notion that a lingua franca for communication has to
simultaneously support the linguistic identities of those
who use it for fear of loss of identity. As a result, a
study was commissioned [17] in an attempt to estimate
at a European level the cost of not having such foreign
language skills (3 foreign languages).

The data of the study was based on a sample of
2.000 small and medium-sized enterprises across
Europe and allowed to conclude, e.g., that recruitment
of staff with language skills is already a commonplace
among major companies, with 73% of respondents
referring that they had an established scheme for
recruiting language-skilled employees whilst a further
20% said it was common practice. This shows that
companies are concerned with adapting to global
market’s challenges and strategies and that demand
from current and future workers’ significant levels of
intercultural linguistic and communication skills.

To meet and exceed the demands of the ever
changing and competitive global market, the effort to
investigate ways to help and develop linguistic and
communication skills among current and future
workforce is key. In the light of the disruptive changes
driven by the forthcoming Industrial Revolution, it is
important to assess current workers’ language and
communication skills in order to develop dedicated
strategies that may foster the envisaged skillset
alignment, especially on low density and peripheral
territories. To this end, a pilot experience was developed
in the region of Castelo Branco, classified as a
peripheral territory in the Portuguese context, based on
the following research question: « What is the
Portuguese Castelo Branco Region local workforce
perception regarding their English intercultural
communication abilities? ».

4. Methodology

This study utilized a self-developed survey
questionnaire to identify the perception on English
language skills as well as the communicative events in
which English was mostly used by the Portuguese
Castelo Branco Region local workforce. The
information for the development of the survey
questionnaire was based on structured and semi-
structured interview guidelines. These guidelines were
supported on previous studies focusing on needs
analysis, feedback from informal in-depth interviews
and discussions with local employees, as well as on the
teaching experiences of the researchers.

The need to know what are the interviewed
population’s effective intercultural English language

communication skills should definitely help defining
strategies to enhance and widespread such abilities.
Therefore, the scope of the questionnaires included all
four language skills, namely reading, writing, speaking
and listening. A strong emphasis was put on the
employees’ productive skills, namely writing and
speaking. Even though several data collection methods
may be used in current pilot investigation [18],
qualitative research interviews could be more
appropriate, considering that the study aims to collect
the individual perceptions of a process within a social
unit [19]. To support the interviews, taking into account
the enquiry purpose, combined structured and semi-
structured interviews were preferred, since they
traditionally address qualitative research and are
recommended for situations where the aim is to collect
the interviewees’ perception of reality when the
interviewer has already identified the issues to address
[20].

Data were collected at the interviewees’
workplaces and an interview guide was used to ensure
that all relevant topics were covered. In order to fulfil
the objectives defined by the research question, a
questionnaire with both open and close questions was
designed and tested with peers [20]. Questions were
grouped according to the enquiry objectives and
ordered, taking into consideration the data analysis
technique and the intended output [21]. A total of 36
interviews were conducted in diverse industrial and
service driven companies within the Region of Castelo
Branco in Portuguese language. After transcribing the
interviews into English, the responses were coded and
analysed [22, 23].

5. Preliminary findings and discussion

Considering the skillset alignment envisaged by
current digital industrial revolution, English language
intercultural communication skills show to be key to
allow future workforce adapting to such scenario,
considered especially demanding for low density or
non-central regions. This exploratory investigation
intends to assess current workforce language skills in
the region of Castelo Branco, currently classified as a
peripheral territory in the Portuguese context.

To this end, a pilot experience was developed in
small scale and large local companies, with average
workers ranging from 5 to 250 employees. Structured
and semi-structured interviews were conducted in a
small focus groups of different industrial and service
companies in order to assess local workers English
language skills, as well as their intercultural
communication abilities. To help outline the interviews,
several qualitative sub-questions were also derived from
the main research question and will be described in this
preliminary findings discussion.

« Interviewees’ profile
In this pilot investigation, the interviewed
population was classified into different categories,
considering their role in the company, which ranged
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from chief executive officer to regular worker staff.
Thus, approximately 3% referred having an upper
management role, 11% referred a high-skilled technical
job, 17% referred an intermediate management role and
69% were regular workers. These values per category
are considered representative of the type of companies
studied, maintaining a close correlation to such
corporations’ worker distribution. In what concerns the
gender ratio, 89% were male employees, whilst only
11% were female. The latter index is significantly lower
than similar figures published regarding national
employability by gender [24], stating that Portuguese
employed population in first trimester 2016 presented a
51% male / 49% female gender ratio. Such difference is
due to the industrial nature of some of the companies
studied, which have a large male working population
basis.

In what concerns their academic qualifications,
4% of regular workers referred having a degree, the
majority (76%) stated being undergraduate, and the
remaining  referred  having  lower  academic
qualifications. As for the upper level employees,
qualifications were distributed according to a 36%
graduate / 74% undergraduate proportion. Globally, in
the companies at issue, the assessed ratio was of 13.9%
- 72.2% - 13.9% for graduate — undergraduate — lower
qualifications. Again, such figures differ from national
published data [24], where a 25.8% - 25.8% - 48.4%
ratio was referred for this year’s first trimester on a
similar graduate — undergraduate — lower qualifications
ratio.

« English skills and private life

The focus-group participants filled-in a
dedicated self-assessment form to evaluate their English
language skills. As a result, 12% of regular workers
referred having absolutely no language skills, whilst the
remaining were distributed in a 60% - 16% - 12%
proportion when referring lower (basic user) -
intermediate (independent user) — higher (proficient
user) English language skills. For the remaining upper-
level employees, such proportion varied by 55% - 27% -
18% proportion regarding the same basic perception on
independent — proficient user English language skills. A
slightly higher language proficiency of the upper-level
employees can be identified when comparing the self-
assessments results. The majority of those who claimed
having intercultural communication abilities stated that
it was easier for them to speak and interact with others
in English than reading in such foreign language.
Writing in English was perceived by all as the most
difficult communication ability.

When asked about the relevance of English in
their private life, a large majority of respondents
indicated that English was very important in their
personal life, using it mostly to communicate and
interact with others. Only a minority, approximately
12% of regular workers, referred not having any need
for English language skills in their personal life. It
should be pointed-out that this proportion is exactly the
same of those who claim they have no English

communication abilities, i.e., the ones having absolutely
no language skills feel that these are not essential to
their private life.

« Use of English at the workplace

When referring to the use of English at the
workplace, 73% of higher level employees of the focus-
group stated that its use was very important, against
27% referring just a moderate importance. For regular
workers, such importance ranged in the following ratio
scale: 21% - 46% - 25% - 8% (very important -
moderately important - slightly important - no use).
With such figures, one can conclude that just 8% of the
regular workers allocated no significance to the use
English language in their workplace. On the contrary,
all qualified worker effectively attributed to the use of
English a very high, or at least a moderate importance in
their workplace. These figures are particularly
significant as they refer to current work situations, and
not to the envisaged industrial revolution paradigm
disruption, where a very high importance of the use of
English can be foreseen.

The effective use of English at the workplace on
a regular basis was stated by 45% of higher level
employees, against almost half (24%) of regular
workers. Again, for the 36% of high level employees
indicating a sparse use of English, corresponded almost
half (20%) of regular workers considering a similar
periodicity of its use. Finally, in opposition to 9% of
high level workers indicating an occasional use of
English in the workplace, more than six times (56%)
regular workers pointed-out such seldom use in their
work-related tasks.

In what concerned the kind of use of the foreign
language at the workplace, most respondents referred its
use to communicate and interact with others. Also,
almost every local worker, amongst the interviewees
stating the relevance of using English at their
workplace, emphasised its use to read technical manuals
or to talk with foreign visitors, e.g., clients, instructors
or suppliers. Local employees also make reference to
the use of English on a regular basis when receiving or
sending formal e-mails. Finally, most of higher level
employees also stated using English language skills to
analyse or write companies’ proposals or to negotiate
with clients or suppliers.

« Personal viewpoints on English language
skills
In the final part of the interviews, local
workers discussed their perceptions regarding personal
English language skills in the context of the assignments
they carry out in local companies. When asked if they
considered having enough language skills to perform
their professional tasks, almost one third (27%) of high
level employees referred such lack of skills against half
of that ratio regular workers (12%) identifying the same
gap. Nonetheless, all of the high level employees
referred wanting to improve their proficiency in
English, against 26% of regular workers stating absolute
lack of interest in such skills improvement.
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When questioned if they thought that
intercultural communication abilities in English could
influence their professional future, all of high level
workers agreed to such statement, whilst for the regular
workers only 12% did not agree to that. Again, this
corresponds to the same ratio of workers previously
referring not having any English communication
abilities, as well as having no need of language skills in
their private life.

On the other hand, to the question if they thought
that improving English communication skills would
enhance their future professional lives, all higher level
employees were unanimous in agreeing to that
statement, against 8% of regular workers referring
having already all the skills needed and other 8% stating
no interest in the subject.

Finally, when asked if they were available to
improve their current English language skills, 82% of
higher level employees showed interest in acquiring
further communication skills, even if they had to pay for
it. The remaining 18% showed such availability if
lecturing was free, or payed by their employing
company. In what concerns the regular workers group,
20% would pay for lectures, 36% would attend if it was
free and 28% referred availability if the employer would
pay, 8% of regular workers referred having already all
the skills needed and the last 8% showed no interest in
gaining or improving such communications skills.

In what concerns the interviewees referring
having absolutely no language skills, most felt that such
communication abilities weren’t essential to their
personal or professional lives. Therefore, these
interviewees showed no interest in improving on such
lack of skills. As a consequence, these seem to be the
most endangered working class types when considering
the aforementioned disruptive skillset alignment
foreseen by the forthcoming industrial revolution. By
doing so, they are not only not aware of the importance
of communication skills to their future professional
tasks but they may also get excluded of further
qualification and adaptation to the new demands
foreseen to future workforce in upcoming dynamic and
competitive companies.

6. Summary and future research

In order to enhance the development of dedicated
strategies which may foster the skillset alignment of low
density and peripheral territories, a pilot experience was
carried-out focusing on the assessment of Portuguese
Castelo Branco Region local workforce perceptions
regarding their English intercultural communication
abilities. A selected number of interviews was
conducted among local companies’ workers in the
region under analysis. Preliminary findings showed that
higher level employees were more sensitive to
intercultural communication abilities and needs for
work-related tasks and in personal life, when compared
to regular workers’ expectations and needs perception.
Those that feel they have the skills to communicate in
English, also highlight their need to continue on-the-job

training in that area, in particular in what concerns
writing skills. However, even though a large majority of
employees were aware of their needs relating English
language communication skills, a significant effort is
still needed to promote its widespread increase in local
companies, since employees who lack the
aforementioned skills fail to recognize its importance
for their future employability and work potential.

Further research is needed to validate this pilot
investigation, broadening the research to a wider public,
i.e., to more companies and to a larger base of activities
within local regional economic activity. This research
may eventually also bring out into the open the
intercultural skills that come from using English as a
lingua franca or a language for communication among
diverse cultural identities in plurilinguistic international
work settings, as such skills will be particularly useful
to prevent work conflicts and mediate between people.
In third place, crossing the findings amongst a larger
base of results may allow identifying prospective
advantages regarding the challenges foreseen to the
local entrepreneurial ecosystem by the change of events
expected with the forthcoming new industrial
revolution.
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Abstract-This article discusses the process of cooperation for internationalisation; with special focus on
the informal inter-firm cooperation relationships in order to identify how such relationships contribute to
the process of internationalization and their permanence in the market.A study with textile SMEs was
conducted, providing evidence of the importance of the firms’ structural features and, mostly, trust
relationships for developing collaborative relationships allowing the exchange of knowledge related to
technology, the market and products, as much as on, generally, business management.Data was collected
through the administration of surveys to textile production SMEs.Although our results show the existence
of inter-organizational informal cooperation mechanisms, the low number of answers by itself is an
important result - firms are reluctant with regard to cooperation with scientific research. Although this is a
limitation to the data analysis, on the other hand it is an interesting finding, as it demonstrates SMEs

willingness to collaborate with higher education institutions.
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1. Introduction

The constant changes observed in the
international economic scenario, due to multiple factors
such as the globalization of markets, instability in
demand and increased competition, triggered new forms
of organizing the production. In this context, the
emergence of new competitive and more flexible
strategies in production processes is inevitable.
Therefore, inter — firm relationships, are one of the
possible strategies to overcome these difficulties. Firms
collaborating with other organizations (customers,
suppliers, competitors etc.) aiming to promote an
environment conducive to information sharing, new
knowledge, new skills and resources essential to the
innovation process may become successful actors in the
competitive market.

The internationalization process embodies a
certain level of difficulties, such as the foreign
acceptance of the product / service, cultural and
geographic distance and the barriers to trade (standards
and regulatory fees). These difficulties depend, mainly,
on the quality and availability of resources and the
competitive ability of organizations to react to
international competition.

Firms, particularly SMEs, in order to be
competitive should not act in isolated but, instead, by
fostering alliances or entering business networks
(Casarotto & Pires, 2001). This is the basis for the need

to develop partnerships with other organizations, so-
called inter-organizational ties that need to be lasting
and strategically significant for both sides (Zaher, Gulati
and Nohria, 2000). These relationships translate into
numerous benefits for businesses, however, it requires
setting aside some cultural aspects that define the firm
as a separate organisation, and the firm is required to
know / learn to tolerate, compromise and abandon
individualism in favour of a relationship based on
partnerships involving trust and commitment (Morgan,
1994). The establishment of inter-firm relationships can
provide advantages related to entrepreneurial growth
and development.

The main purpose of this article is to understand
the role of informal cooperation in business
internationalization processes of the Portuguese textile
SMEs. It is aimed to study informal cooperation as a
strategy and to demonstrate its importance in the
international business context. The specific objectives
that guided this research are:

e To learn what business activities may work
as a barrier to internationalization;

e To know the co-operation mechanisms used
by firms, for entering international markets;

e Describe the inter-firm relationships inter-
firm aiming to enter and remain in
international markets.
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2. Literature Review
Business cooperation

In order to overcome certain limitations (size,
economic, technological, etc.) and to achieve common
goals (expected gains both parties), firms establish
relationships based on cooperation, characterized by the
existence of interdependent goals and the share of
resources (Easton & Araujo, 1992) assuming the
independence of the actors. This interaction between
firms, over time becomes stronger and competitive.

Thomson and Perry (2006) define collaboration /
cooperation as:

"Collaboration is a process in Which
autonomous actors interact formally and informally
through negotiation, Jointly creating rules and structures
governing Their relationships and ways to act or decide
on the issues que expresso Them together; it is a process
Involving shared norms and mutually beneficial
interactions. "

The neoclassical theory considered the economic
agent, an isolated individual, lacking social ties.
Currently, economic sociology contributed with the
perspective that the decisions and economic ties are
rooted in a broad system of social relations. The
interaction with other organizations, resulting on the
firms’ ability to accept competitors as partners, brings
benefits resulting on organizations finding themselves
led to change their mindset (Borba, 2010) becoming
more receptive and open to organizational learning.

Cooperation between firms can contribute to the
competitiveness of businesses through efficiency gains
in customer service, acquisition of new customers, new
products, greater knowledge, access to technology, and
improving the image and reputation of the firm
(Hausman, 2001 and Gadde & Snechota, 2000). In
short, firms seek to establish relations of cooperation, in
order to share knowledge, information, identity and a
common language, or seek to obtain resources, skills
and capabilities. In inter - organizational relations, the
process of knowledge transfer can be channelled
formally or informally, through processes of social
interaction and internalization, that may, also, take place
in the context of personal and informal networks (Powel
et al, 1996).

Formal Vs. Informal co-operation

Cooperation may be formal or informal. Formal
cooperation is established when a written agreement
between the parties involved in a particular business is
necessary. Formal cooperation in the context of
internationalization may take the form of operating
licenses; franchising; outsourcing; joint ventures; and
export consortia. Formal organizations are relatively
more bureaucratic because their businesses are based on
regulations.

The informal cooperation is based on inter-
organizational  relationships can be developed
independently or jointly with formal cooperation.

The table below shows to some of the differences
between the two types of cooperation:
Table 1 - Differences between formal and informal
cooperation

Formal cooperation Informal cooperation

Easy identification of | Difficulty in identifying
collaborative partners | collaborative partners;

Contract-based (the | Initiated by the interaction (its
development process | development requires more
of cooperation | time)

progresses rapidly)

Cooperation does not | Trust-based cooperation
always include a
reliable partner (low
trust levels may exist);

Started by senior staff | Developed by actors directly
of the administration | involved in the cooperation
who do not participate | process (often through
in the relationship manager or other staff)

Source: Hakansson & Johanson (1998)

The fact that there is a written agreement may
facilitate the resolution of potential conflicts that may
arise during the agreement. However, an agreement on
the basis of informal cooperation could contribute to a
better relationship between the parties involved, and
therefore greater sustainability of the business
relationship may be observed.

Informal cooperation within the framework of
informal networks is an invisible, but powerful, tool. In
organizations, the boundaries of the firms still exist, but
co-operation may be the means to add on to the formal
channels (Cross & Pruzak, 2002). The possibility of
joint understanding between the parties involved in the
relationship may contribute positively to the
organization and combining the two types of co-
operation may behaviour have a positive impact on the
results of business co-operation.

Informal cooperation

Despite the potential interest of informal
cooperation it has not received much attention, both at
the corporate level and academically (Gulati &
Gargiulo, 1999); (Galaskiewicz & Mizruchi, 1993);
(Uzzi, 1997). It is associated with social networks and
social capital, and contributes to reducing information
asymmetries and thus reducing also transaction costs
(Gulati, Nohria, Zaheer, 2000). In a process of
interaction that gives rise to networks, informal and
personal relationships become increasingly fundamental
to the competitiveness of organizations. Values such as
trust, reciprocity, loyalty, commitment will form the
basis of lasting informal relationships that promotes
strategies based on sharing, thus helping firms to
become more competitive and to offer to the market
value.

Informal co-operation requires trust between the
parties involved in the relationship and trust, on its turn
requires the existence of a close relationship based on
historical interaction and commitment, aimed at
mutually agreed goals. Within informal cooperation, the
firms develop relationships of mutual trust that can
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provide advantages in terms of stability and security of
the business, as well as the level of efficiency and
productivity, resulting in a better coordination of
activities. Such cooperation allows information and
knowledge exchange (Biggiero & Samarra, 2008);
provides greater diffusion of innovation (Powell &
Grodal, 2005) and further development of social and
organisational culture and values; and more efficient
management. For Bachmann (2001) trust is considered a
key factor in relations within and between
organizations. For Phillips & Lawrence (2003) it is
elementary that in a confidence building process, the
collaboration partners communicate with fairness and
sincerity and that are free of representation of their
interests devoid of manipulation, coercion and
concealment. For Jarillo (1993), trust is developed
gradually, aimed to mutually compatible interests,
reducing the possible existence of opportunistic
behaviour. The existence of such behaviour, as well as
the lack of credible commitment, undermine trust,
discourages cooperation and negatively affects the
business relationship, thus contributing to the existence
of risks and threats associated. Confidence assumes,
thus, an essential role in the coordination mechanism of
social expectations and interaction between the partners
(Bradach & Eccles, 1989). For the development of this
mechanism, information management needs to be
valued, which favours, according to Morrow (1999)
sharing information and knowledge, and maximizing
co-operation opportunities. Trust can be considered a
social institution in creates behavioural patterns, and
expectations. This view is very important as it
influences institutions in business decisions (Lam,
1997). Thus confidence can be seen as a form of
informal institution, which is a detailed set of rules and
codes applied within defined limits. These institutions
are the result of a set of social conventions and
behaviours accepted by society.

So that there is sustainability in informal
relationships, management based on loyalty avoiding
opportunistic behaviour and power struggles is
essential. Associated with power is inherent in the idea
of control or influence of one or more of the partners
involved in the relationship. Some authors emphasize
the role of the reputation of partners in collaborative
relationships. Dollinger, Golden & Saxton (1997) argue
that the characteristics of decision-makers may overlap
the reputation of the organization itself and that
reputation affects decisions regardless of the type of
partnership. In this sense, a good relationship derives
from the reputation of the partners, which besides being
a critical factor of success, the cooperation strategies are
also a key element in their structure.

The problems related to the loss of trust,
reputation and commitment amongst the members of
networks can undermine the objectives of their
members in terms of equity, efficiency, and adaptation.
In a scenario where these characteristics are absent, it is
likely that the network is sentenced to failure. Park &
Ungson (2001) show that the predominance of
competition among firms may be the cause of the failure
of the alliance.

Inherent to the potential failure of the network or
collaborative relationshoips may be competition

between the members, which may cause rivalry between
firms and consequently the existence of opportunistic
behaviours, which is considered by Williamson (1985)
the main cause for the existence of market failures .
Opportunism results in asymmetric returns, resource
ownership by firms and adverse situations that lead to
the failure of the alliance. On the other hand, the failure
may also arise from the complexity of the relationship
management, originated by the cultural differences
within the network, which can cause internal conflicts,
affecting the creation of synergies. Failure to obtain
economic benefits and the lack of common goals could
jeopardize the rationale of the networks.

The inter-organisational informal networks have,
commonly, their origins on individual relationships
rather than on organizational ones. According to
Kuipers (1999), there are individuals’ actions that may
trigger informal networks:

The informal interaction between groups of
people;

Individuals who connect to the network
frequently and spontaneously because they share the
same needs, values and common interests with other
network firms;

Interest in communicating, sharing or achieving
goals they aim for.

When consolidated informally, networks can
lead to improvements on organizations with regards to
coexistence and frequent interaction between
individuals, as well as easing the access to other
organisations. Castilla et al (2001) highlight some
organizational benefits of informal networks:

Table 2 - Benefits of informal networks
Organizational  benefits of informal
networks
Support and social ties;

Support and security;

Cognitive Guide and advice;

Material aid and services;

Access to new contacts (internal and external);
Sharing and information flow;

Bonds of affection;

Regulating access to work;

Improved access to information and
distribution opportunities;

Power and status;

Extent to which the individual learns and
internalizes the occupational standards.
Source: Castilla et al. (2001)

Strategic alliances for international entry

Cooperation has been a phenomenon of some
interest to academics and the business community,
where growing popularity is visible through the study of
a particular case - strategic alliances. Strategic alliances
and other forms of cooperation have been a strategic
option increasingly used by firms. They arise from the
need to gain competitive advantage, thereby
strengthening eachmember of the network, and will only
be obtained if each member views it as an opportunity
for learning and not for their own benefit (Hamel et al,
1989).
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Strategic alliances, result in the following
benefits (Doz & Hamel, 2000):

Access to new markets;

New opportunities arising from the combination
of complementary skills and resources;

Construction of new competences associated to
with the need for a strategic positioning.

Strategic alliances are defined as volunteer
organizational arrangements relating to the exchange,
sharing and joint development of technologies, products
and services (Gulati, 1998). According to Robert &
Baden-Fuller (2004) strategic alliances are associated
with formalising or contracting strategic cooperation
between organizations involved in the relationship,
Teixeira & Diz (2005) add to this definition, stating that
these agreements are characterized by reciprocity or by
the combination of efforts and responsibilities between
the firms. A strategic alliance occurs when two or more
organizations decide to join their efforts to achieve a
common strategic goal. In this context, firms combine
resources and activities, maintaining its autonomy (as
individual being), but with a certain level of bilateral
dependence.

Strategic alliances are, often, used as a synonym
for cooperative relations, although in the opinion of
Faulker and Easton (1992), a strategic alliance brings
together features that cannot be found elsewhere,
providing them with greater strategic importance when
compared to other forms of cooperation or with regard
to operational alliances (hon - strategic). These alliances
typologies are different, however, they can, sometimes,
be confused. According to Hax & Majluf (1988),
Johnson & Scholes (1999), alliances are, at an initial
stage, operational and they evolve to strategic. It is,
however, important that all actors are aware of the
objectives in order to avoid mistaking the type of
alliance — while some may be expecting an operational
alliance and others may be interested in a strategic
alliance. The table below identifies some differences
between strategic alliances and other types, including
the non-strategic or operational ones.

Table 3 - Characteristics of strategic alliances

Differences between strategic alliances and other
forms of cooperation / alliances

Result of a coherent set of decisions;

It is a means to develop a sustainable
competitive advantage

It has long-term organizational impact;

They are used as a means to respond to
opportunities and external threats;

They are based on organizational
resources that show strengths and
weaknesses;

Affect the operational decisions;

Involve all levels of organizations;

Are influenced by the surrounding
environment, politics, culture, etc.

They involve all the activities of
organizations, whether right or indirectly.
Source: Adapted from Hax and Majluf (1988) and
Johnson and Scholes (1999)

According Fishmann (2004) strategic alliances
can also bring limitations to organisations, such as the
high degree of dependence of the relationship, which
can be translated in a decrease of corporate efforts in
pursuit of perfection.

The literature on the subject covers various types
of strategic alliances; Aaker (1995) emphasizes the
degree of formalization of the agreements, to
demonstrate that alliances can take many forms, from
informal arrangements to formal joint ventures. Table
below compares two typologies of alliances supported
by two theories from two different authors, Faulker
(1992) and Root (1988) that can be used to classify
strategic alliances and international cooperation
agreements, respectively:

Table 4 - Classification of strategies
Classification of strategic
Faulkner (1992)

When the actor uses
activities developed by
the partners.

Joint ventures | It is related to the

2nd dimension | vs. non joint capital and the legal
ventures form of the alliance.
Two partners | It is related to the

3rd dimension | vs. number alliance

Focused vs.

1st dimension
complex

consortium partners
Root (1988)
Agreements can be
made within one
The country (national);
1st dimension - . between two countries
nationality

(binational); or include
several countries
(multinational)
The agreements may
involve open market
Type of transactions, or intra
2nd dimension | developed and inter-
cooperation organisational
cooperation
agreements
Source: Faulker, (1992) & Root, (1988)

For their expansion to international markets,
firms, often, struggle to deal with foreign laws and
difficulties inherent to understanding the host markets.
Under such circumstances, strategic alliances, named as
joint ventures, may be critical. This type of strategy is
very common for firms pursuing commercial or
production goals. They are attractive given their limited
legal regulation and they are considered a low - risk
strategy allowing firms to enter markets difficult to
access. Firms see in international joint ventures a
success mechanism, due to its flexibility, adaptability to
different situations and the possibility of achieving the
goals. According to Lorange & Johan (1996) joint
ventures provide greater freedom of resource allocation
and the resources generated tend to be kept within the
strategic alliance. Some of the advantages of joint
ventures are generating synergies, entry into different
markets, strengthening the firm positioning and access
to specialized know-how. It is a cooperative strategy
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that can be conceived as a mechanism to achieve goals
through cooperation (Child & Faulkner, 1998)
contributing, thus, to improve the competitiveness of
firms in domestic markets, to facilitate the entry of
foreign firms in the domestic markets as well as
expanding their business on a global scale. However,
problems with certain aspects of regulation and
competition may be a result of this strategy as there are
a some unsuccessful joint-ventures attempts, resulting in
a poor performance given the cross-country, cross-
cultural, and economic conditions (Beamish, 2003).

Barriers to SME's International Entry

The internationalization process requires rational
decision-making and objective goals definition
(Schimitt Neto, 2005) In this sense the classical
economic literature focuses on large firms (usually
multinational companies — MNCs) as the object of
analysis (Rowden, 2001); (Hollenstein, 2005); (Buckley
& Ghauri, 1999), and these are better able to overcome
market, commercial and political risks. By contrast,
SMEs find certain difficulties such as the lack of
human, financial, technological and information
resources (Hollenstein, 2005); (Gemser & Brand, 2004).
For Hollenstein (2005), in addition to severe limitations
in terms of resources, there are also barriers associated
to the international regulations, national laws and
market needs, due to the uniqueness of different
cultures.

The internationalization of large firms motivates
small-scale ones, to strive and to overcome the
difficulties associated to the expansion of their activities
into international markets. Furthermore, technological
advances, supported internationalization of firms
regardless of their size, industry and location enabling
SMEs to access new markets, strategically deciding
upon forming cooperative alliances (Freeman &
Schroder, 2006).

It should be noted that SMEs have had a growing
performance in the contribution to the trade balance
contribution of their countries, and that the SME niche
exports were not affected by the size, whereas Chiara &
Minguzzi (2002), refer to the firm size as a secondary
aspect for external competitiveness. According to
Naisbitt (1998) SMEs are contributing more to the
creation of the global economy than large firms.

In order to access other markets, SMEs define
strategies that take into account the degree of
involvement and type of control they aim to take to the
international market.

3. Methodology

As commonly found in research a literature
review was made on the issues related to the informal
cooperation, in order to provide a theoretical framework
for the research. References were sought for
internationalization, networks, formal and informal
cooperation and the barriers to international entry faced
by SMEs. After such analysis, a survey was prepared to

be administered to firms operating in the textile
industry. This survey was developed to meet the
research objectives but supported in the literature
reviewed earlier.

The results were generated using SPSS, where it
was possible to carry out a descriptive analysis of the
sector of activity. The information obtained allowed to
draw conclusions about the role of informal cooperation
for internationalization in the sector of firms in the
study. Initially, the aim was to perform a factorial
analysis, but the limited number of responses did not
allow performing the statistical analysis.

In order to prepare the survey, several studies on
the methods of preparing questionnaires were reviewed.
The questionnaire administration process was divided
into four parts:

Identification of firm — particular industry, main
activity, legal form, turnover, location of activities, and
number of employees;

Identification of the interviewee - sex, age,
academic background, position within the firm;

Internationalisation process — international
markets operations, motivations for international entry,
country selection criteria, entry forms, product types
strategies for international entry, external support
provided, difficulties and aims for international entry;

Informal Co-operation — Partnerships and
feelings associated, process and forms of partners’
selection, motivations for informal co-operation, and
advantages and outcomes.

Sample

For this study, the population considered was
retrieved from database provided by ATP — Portuguese
Textile Associated with all the firms located in the north
of Portugal, where there is a very significant share of
firms within the industry.

The data was obtained by questionnaire survey,
which allowed determining the internationalisation
stage that firms, within the industry, can be found. In
the case where the internationalisation processes had
already been triggered, it was also possible to assess if
agreements based on informal cooperation were used. It
has also allowed investigating the circumstances of
internationalized firms, their motivations, as well as the
strategies used to internationalize.

Regarding the inquiry process, an online survey
and e-mailed to firms, explaining the context, objectives
and process of the research. This survey was sent by
email to a total of 544 firms (n = 544) of the various
sub-sectors of the industry. It has been sent twice.
Initially, emails were sent to firms included in the ATP
database without the identification of the person
expected to respond. Since only 10 responses were
obtained, in the first stage (of which 1 was invalid),
emails were re-sent, with an identification of the person
that expected to provide the information (data was also
obtained in the database). In the second stage, 487 firms
were contacted questionnaires, 57 less than on the
previous stage, as no information regarding the
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respondent could be retrieved. At this stage 27
responses were obtained, of which one of them invalid.
In total 37 responses were gathered, 35 valid 2 invalid,
which is equivalent to a percentage of 6,43% response
rate. In order to increase the response rate of the
questionnaire some telephone contacts were made, to
randomly selected firms. In addition, the researchers’
network of contacts was also approached in order to
gain access, directly, to managers and such a network of
contacts was used as respondents’ gatekeepers.

Table 5 - Methodological aspects

Geographical

area North of Portugal

Activity Sector | Textile industry

Firm size SMEs (small and medium enterprises)
Sample /

Population Sample (ATP data)

Population size | 544 Firms in operation

Data collection | Questionnaire survey (online survey)

Questionnaires sent 544 (1% stage); 487
guestionnaires sent (2" stage); 37
responses obtained; 2 Invalid answers;
Response rate: 6.80%; valid response
rate: 6:43%

Response rate

Administrator, commercial, foreign

Respondents market manager, accountant, Financial,
Administrative
Data Analysis Descriptive statistics

Source: Elaborated by the authors
4. Results
The Presence in international markets

In order to provide the context to the main topic
of this paper - informal cooperation for international
entry — it is important to provide an overview of the
internationalisation stage of the respondent firms. In
particular it was sought to find out about their
motivations and strategies, which led the firms to
engage into such a process. The analysis of the data
reports that 84.38% of the firms are, already, operating
in foreign markets, and the remaining (15.63%) are not
internationalised. In addition, firms operating in firms
choose several destination countries, although the
majority relies on European markets (65%), with
America (17%) and Asia (10%) coming in second and
third, respectively

Within the criteria above mentioned, the
possibility of strategic partnerships is the main
motivation for entering particular international markets,
followed by the geographical proximity, less risk
markets and the possible of accessing to specialized
agent. Therefore, entering a particular international
market is, to some extent, result of the existing
partnerships and firms seem to follow their network.
This result confirms the relevance of the topic, since
stresses the role of cooperation in the
internationalization process.

In order to internationalize, firms need to choose
the entry strategies in foreign markets. The
questionnaire listed a number of possible entry forms,
namely, exports, direct investment, strategies joint-
ventures, franchising, subcontracting, licensing, and via
agents. However, respondents identified only three ways
to enter foreign markets: exporting, agents, and foreign
direct investment.

In combination with the analysis of the host
country, one can suggest that the theory of Uppsala
School is confirmed, as firms tend to go, initially, for
culturally closer markets and adopt the ways of easier
entry.

In addition to the markets firms are willing to
enter, the Uppsala theory also refers to the entry modes.
The data shows that the most common entry mode
(which is also the less compromising one) is exporting;
followed by investment through agents and, finally,
Foreign Direct investment. No other entry modes have
been identified.

In what regards the promotion of products
internationally, the most commonly found options are
Online presence (websites social media, etc.) in first
place; industry exhibitions represents the second most
important entry mode; followed by partnerships; and
finally merchandising. When in international markets,
most firms choose, strategically, to adapt their products
to the host market, with some of the products and
services being sold with no differences to the domestic
market.

The International Entry process

In addition to characterise the international
presence of firms, it is also important to know how
businesses have started the expansion into new markets.
However, it is important to distinguish firms, which
have entered the markets alone, from those which
process has been supported by partners, in order to
overcome potential difficulties to access international
firms.

Within  the respondents 60% refer tono
difficulties to internationalize but the remaining agree
that it is a difficult process. Most of the respondents
who have not faced difficulties to internationalize were
also able do it alone, with only a small percentage being
supported in co-operation processes. The
remaining(who found internationalisation a difficult
process) did not rely on partnerships. Overall, there
were few firms that used partnerships to
internationalize.

However, since the majority of the respondents
was, already,with an internationalization processes in
progress, strengthening their presence in international
markets was also important to analyse, from a co-
operation perspective.

Based on the table below, it is possible to explore
the role of partnerships on entering or expanding
international presence.
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Table 6 — The role of partnerships international contacts

Have you ever been | Total
contacted by other
firms in order to
establish informal
cooperation
partnerships?

No Yes

Up to 10% 0 2 0 2

10% to 30% 0 1 0 1
International ~ 30% to 50% 0 3 1 4
market share 5004 to 70% 0 0 1 1

70% to 90% 2 1 6 9

Greater than 90%j 1 2 1 4
Total I 3 9 9 21

Source: Elaborated by the authors

Of the 21 responses received on this question, 12
firms refer that they had never been contacted in order
to establish informal partnerships with 9 being
contacted. It is important to note that, for 7 of the 9
firms who have been contacted for establishing
partnerships international markets represent more than
70% of their total turnover, i.e., as firms increase their
presence in international markets they also become
more attractive for other firms to engage into
partnerships.

With regards to the future of firms in the
international market context, it is found that 95.24%
plan to increase their international market share, in the
subsequent year. Based on an open question for
exploring firms goals for the subsequent vyear,
respondents refer to sales growth; new products; new
markets; increasing exports; expanding the networks of
agents / importers in markets where they already operate
and in new markets; increasing the number of markets;
and exploring new opportunities.

The Selection of Partners and forms of partnerships

Cooperation  involves the existence of
partnerships. The economic actors with whom such
partnerships are possible varies, as firms, on their daily
routines interact to a number of potential partners. In
order to know which are the most important actors for
establishing partnerships, respondents have identified
gatekeepers to contacts that may become future
partners. The respondents consider customers as the
main actors that assist on the process of introducing
partners, followed by, with the same importance,
suppliers, associations and the family. While the
gatekeepers may put the firm in contact with potential
partners, the subsequent process refers to selecting the
actual partners, among those that are available. In order
to investigate this process, the respondents have
identified what are the most important forms of
selecting the partners. The personal relationships of the
entrepreneur seem to be the most commonly adopted
form (representing the vast majority of the responses).
The data reveals that the selection of partners occurs

through personal knowledge (77.8%), interest shown by
other organizations (22.2%) and by previous studies to
businesses, market research and social networks. It is in
general partnerships that last for many years and are
mostly informal partnerships. It is also noted that
entrepreneurs live (in their personal and social life)
informally, sometimes with partners.

Firms opt for informal cooperation between
enterprises in order to access the new knowledge
(53.3%), new markets (53.3%) and resources. The
capacity for innovation and responsiveness are also
considered factors that contribute to informal
cooperation (20%). The firms have been aware of this
type of strategy, through informal conversations.

Contribution of collaborative partnerships for the
development of firms

The inter-relationships may promote the growth
and development of enterprises. In this sense, we aim to
find out if the business environment of the industry
reinforces of informal cooperation as a catalyst for
entrepreneurial development and growth.

In line with the fundamentals of informal co-
operation, respondents were asked about the frequency
of ideas exchange with other entrepreneurs, with 72.7%
acknowledging such process. However, only a very
small part of the respondents did not consider the
informal co-operation as a means for entrepreneurial
growth. In addition to such insights, 83.3% of the
respondents agree that they would, again, be engaged in
to collaborative relationships, as they recognise the
resulting advantages. Such advantages are, according to
the respondents the knowledge exchange about new
business opportunities; finding new business partners
and customers; trust levels developed throughout the
process; and the access to new markets allowing, in
same cases, firms to enter markets different from their
domestic one.

In addition to the internationalization process it
is also important to assess what motivates firms to enter
such internationalization process, as displayed in the
figure below.

Mean

ST

Figure 1 - Reasons motivating firms to international
entry
Source: Elaborated by the author

58 The Romanian Review Precision Mechanics, Optics & Mechatronics, 2016, Supplement to No. 49



The Portuguese Textile Industry Business Co-operation: Informal Relationships for International Entry

There are several reasons that motivate firms to
enter international markets. However, taking into
account the chart above, access to new markets, market
saturation, developing new skills and increased market
share are those that influence the decision of firms.

At the same time it is also important to assess
barriers that firms face in the internationalization
process. These factors can be overcome by establishing
partnerships, but for this it is necessary to identify these
barriers and ensure that firms are willing to share the
process of internationalization.

The data shows that, high competition, the price,
the financing difficulties and the lack of information,
they are considered the major barriers and / or
difficulties encountered by enterprises to enter
international markets.

The feeling of the firms before the entry into new
markets with informal partners, gives an idea of the
results of informal partnerships with the goal of
internationalization.

In addition, the results obtained show which is
the sense when firms resort to informal partnerships to
internationalize. Responses with more emphasis on this
issue were in particular: enter into partnerships with
people or institutions | trust a lot and the importance of
shared goals. This process is also important to choose
one or more partners with whom there is a close values.
In this context, firms were asked about what factors are
decisive in the choice of partners for the process of
internationalization, as the chart below.

Taking into account our results it can be
concluded that most of the figures are essential for a
partnership works well, however stand out, confidence,
respect, common sense and collaboration, as those who
most important is. On the other hand, there are factors,
which are seen as barriers to establishing partnerships.

Apart from the advantages inherent in the proper
functioning of a partnership, there may be less
favourable situations detrimental to the relationship.
According to the respondents, concerning situations are
the opportunistic behaviour, dishonesty, abuse of power
and convenience.

5. Conclusions

Based on the results obtained it is possible to
identify the firms that are more open to
informalcooperation. These are, mostly,mature SMEs,
with more than 50 employees, and mostly managed by
administrators (owners), aged between 40 and 54 years
old and with a degree of training at the undergraduate
level.

Firms are mostly, internationalized and have
future goals of expansion and consolidation of markets.
They began the process of internationalization, alone,
without the support of partners. The form mostly used,
in industry, to internationalize is exporting. The
motivations that led to internationalize were related to
the access to new markets, development of new skills,
increased market share and the saturation of the

domestic market. The main barriers were particularly
high competition and price.

With regards to informal cooperation, the
respondents identified mechanisms to share ideas and
business with other entrepreneurs, partnerships that
occur based on personal knowledge and that are
established, mainly, with clients that engage in enduring
informal agreements. Our results also suggest that the
use of informal cooperation arises from theirnecessity to
access new knowledge and new markets, and it is based,
primarily, on the values trust, common sense, respect,
cooperation and honesty. However, not all relationships
operate as expected and the lack of honesty and
opportunistic behaviour may be the cause of
misunderstandings between the parties and as a result
the end of the relationship.

With regard to performance, most firms consider
the use of informal cooperation may leverage the
industry needs to allow growth and development.
Respondents believe the informal cooperation benefits
them and, as a consequence, they recommend such
practices

It corroborates the importance of informal
relationships regarding collaborative partnerships. The
small number of observations is also explained by the
absence of a personal relationship between the
researchers and the potential respondents. In fact, it
shows a reluctance of firms in the industry to
collaborate with higher education institutions and,
therefore our results are unable to characterise the
industry, but rather our results are valid to characterise a
group of firms, which are willing to collaborate with
scientific research. Accessing to different groups, within
the industry, could reveal different perspectives on
informal co-operation; however access to such groups
could provide different results.
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