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Abstract – Accuracy of the positioning system can be improved by a low-cost and practical ZigBee 
wireless network indoor mobile robot monitoring and positioning system. Based on the application 
requirements, the software design and hardware design of the indoor mobile robot are carried out 
to build an intelligent mobile robot system independently. Under the binocular vision system, the 
Received Signal Strength Indication (RSSI) ranging technology is adopted as the ZigBee positioning 
algorithm. The deficiencies of the traditional RSSI algorithm are improved, and the system is tested 
in the hall corridors and rooms. In the indoor rooms, the mean relative error (MRE) of the RSSI 
algorithm before the improvement is 23.27%, and the MRE of the RSSI algorithm after the 
improvement is 13.91%, with an increase of 9.36%. In the hall corridor, the MRE of the RSSI 
algorithm before the improvement is 14.86%, and the MRE of the RSSI algorithm after the 
improvement is 10.82%, with an increase of 4.04%. The improved RSSI algorithm can meet the 
monitoring and positioning requirements of indoor mobile robot based on ZigBee wireless network 
under binocular vision. 
 
Keywords: Binocular Vision, ZigBee Wireless Network, Indoor Mobile Robot, Monitoring and 
Positioning, RSSI Algorithm.  

1. Introduction 
 
With the continuous development and progress of 
science and technology, the field of mobile robots 
has become one of the most active research hot spots 
[1]. For mobile robots, positioning technology is very 
critical. The lack of a positioning function means that 
the mobile robot cannot move autonomously, 
identify a position, and achieve real intelligence. 
Traditional robot positioning methods mainly 
include Global Positioning System (GPS), wheel 
odometer, and inertial navigation system. These 
methods can independently complete simple 
positioning functions; however, they also have the 
disadvantages of positioning errors and difficulty in 
indoor positioning [2]. Machine vision can enhance 
the robot’s ability to sense the environment and has 
the advantages of low power consumption, complete 
information acquisition, and wide detection range 
[3]. According to the number of cameras in the 
system, machine vision technology can be divided 
into three types, i.e., monocular, binocular, and 
multi-ocular. Binocular vision can obtain the 
information of the object through multiple angles, 
and it can recover the three-dimensional (3D) 
information of the object according to the geometric 

relationship, which has a wide range of applications 
[4]. Therefore, this study will conduct research 
based on binocular vision. To further improve the 
positioning accuracy of indoor mobile robots, only 
relying on binocular vision is far from enough. 
Loganathan et al. (2019) applied ZigBee wireless 
positioning technology to indoor mobile robots [5]. 
ZigBee wireless network, as one of the key 
technologies of the Internet of Things (IoT), has the 
characteristics of energy-saving, low cost, close 
range, low speed, and short delay. Due to these 
characteristics, it can be used for information 
transmission between network devices with large 
node density, wide distribution range, low rate, and 
low energy consumption [6]. 

In summary, although ZigBee wireless network 
applications and chip shipments are increasing 
annually, in general, ZigBee wireless networks are 
still in the initial exploration stage. Positioning 
technology has prodigious significance for mobile 
robots. To improve the positioning accuracy of 
indoor mobile robots, this study combines binocular 
vision systems and ZigBee wireless networks to 
propose an optimized positioning algorithm for 
monitoring and positioning of indoor mobile robots. 
Thereby achieving the positioning in indoor 
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environments with multiple precisions, low power 
consumption, low cost, and flexible installation and 
maintenance. The innovation of this study lies in 
combining the binocular vision system and research 
on ZigBee wireless network-based indoor mobile 
robot monitoring and positioning algorithm to guide 
indoor mobile robot positioning. 

 

2. Method 
2.1 Overall design of the indoor mobile 
robot monitoring and positioning system 
 

The indoor mobile robot monitoring and 
positioning system based on ZigBee wireless 
network is a visual wireless positioning system 
composed of a positioning monitoring center and a 
wireless positioning network. The functional block 
diagram of the system is shown in Figure 1. It 
includes collecting reference node data, calculating 
position coordinates of mobile nodes, wireless 
transmission, optimizing positioning data accuracy, 
and displaying positioning data. 
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Figure 1: Functional block diagram of the indoor 
mobile robot monitoring and positioning system 

 
Based on the application requirements, the 

embedded technology is selected for the software 
design and hardware design of the indoor mobile 
robot, and the intelligent mobile robot system is 
built independently. The overall hardware structure 
of the robot includes a perception layer, a computing 
layer, a control layer, and a mechanical layer. The 
relationship among the layers is shown in Figure 2. 
The sensing layer, the computing layer, and the 
control layer transmit information through a serial 
port connection and are installed on the mechanical 
layer. 
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Figure 2: Overall hardware structure of the robot 
 
The system hardware includes a Personal 

Computer (PC) running Linux operating system, an 
indoor mobile robot, a binocular camera, six ZigBee-
based network nodes, a router, a wireless Universal 
Serial Bus (USB), an Advanced RISC Machine (ARM) 
development board, and various cables. 
Comprehensively considering the performance and 
cost, the CC2430/31EM chip is selected as the chip 
for the ZigBee positioning system. This chip has the 
advantages of simple structure, energy-saving, and 
efficient operation, and it complies with the 
IEEE802.15.4 standard [7]. 

To realize the indoor mobile robot monitoring 
and positioning system based on ZigBee wireless 
network, it is necessary to ensure that the system 
has good processing performance, network 
communication capabilities, low power 
consumption, and stable and smooth operation. 
ARM11 has the ARM V6 instruction set architecture, 
which has low cost, low power consumption, and 
excellent operating system performance. Therefore, 
this study chooses ARM11 as the embedded 
processor. The S3C6410 is designed based on the 
ARM11 core. It has built-in powerful hardware 
accelerators such as audio and video processing, 
two-dimensional (2D) acceleration, and display 
scaling. It also integrates Multi-Format video Code 
(MFC) and has powerful video processing 
capabilities. The wireless network includes a 
wireless network adapter and a wireless router, 
which can complete the transmission of positioning 
data between the PC and the ARM. The router 
selected in this study is the TP-LINK150M wireless 
broadband router, which has the characteristics of 
stable data transmission and reception and is 
compatible with 11 b/g/n wireless network 
adapters. 

The software design is divided into monitoring 
software (upper computer software), driver 
software, and lower computer software. The 
software development environment is IAR 
Embedded Workbench (EW) software (Texas 
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Instruments). EW is currently the most popular 
embedded development tool. It integrates multiple 
functions and can provide a unified user interface for 
different processors, which is simple and efficient 
[8]. In addition, EW is highly flexible and can develop 
application software for different microcontrollers 
and microprocessors. 

The layered structure of the ZigBee protocol 
stack is shown in Figure 3. The physical (PHY) layer 
and the media access control (MAC) layer at the 
bottom are the layers defined by the IEEE802.15.4 
specification and the application (APL) layer and 
network (NWK) layer are norms and standards 
established by the ZigBee Alliance. 
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Figure 3: Hierarchical structure of ZigBee protocol stack 

The flowchart of system initialization is shown in 
Figure 4. The system initialization is to complete the 
various environments required to initialize the 
hardware and software architecture and to prepare 

for the operation of the operating system; also, when 
the system completes initialization, it will enter a 
low-power sleep mode. 
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Figure 4: Flowchart of system initialization 
 

There is no network adapter driver in the ARM-
Linux system used when the ARM development 
board system is transplanted. Therefore, the 
wireless network adapter driver transplantation 
needs to be performed. The NW336 USB network 
adapter (Shenzhen NETAC, China) is selected as the 
key device in the wireless transmission in the 
system. When configuring the kernel, before 
recompiling and transplanting, the chip is supported 
first. After starting the target board, the system 
support for the chip can be found from the serial 
debugging information. 

 
2.2 Binocular vision system 

 
This vision system is introduced for indoor 

mobile robots. Two or more cameras are used to 
obtain image information from different positions on 
the same object point, and simultaneously recover 
distance information from parallax based on the 
triangulation principle.  

First, the camera calibration is performed to 
determine the internal and external parameters of 
the camera [9]. When any point on the image is 
known as the image pixel coordinates, the 
coordinates of the actual point corresponding to the 
point on the world coordinate system cannot be 
calculated. Therefore, two parallel-aligned binocular 
cameras need to be configured to capture unknown 
points at different angles, thereby obtaining two 
rays. These two rays are located on the same plane, 
and the intersection point is the exact position of the 
unknown point in the 3D scene. At this time, the 
triangulation method is used to calculate the 
unknown point to obtain the actual position of the 
unknown point. The principle of the binocular vision 
system is shown in Figure 5. The world coordinate 
system and the camera coordinate system are 
coincident. The (u0, v0) point is the image center 
point, and (u1, v1) and (u2, v2) are respective 
projection points of the object point P in the 3D 
scene on the left and right image pixel coordinate 
systems. 
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Figure 5: Schematic diagram of binocular vision 

system 
 

2.3 ZigBee positioning algorithm 
 

In the research of wireless positioning networks, 
the positioning algorithm is the core, whose pros and 
cons directly affect the level of node positioning 
accuracy. This study uses Received Signal Strength 
Indication (RSSI) ranging technology as the ZigBee 
positioning algorithm. RSSI ranging technology is a 
low-cost and easy-to-implement ranging algorithm. 
Combining the signal power of the transmitting node 
with the received power of the mobile node, this 
algorithm measures the distance of a node based on 
the attenuation of the radio signal as the 
transmission distance increases. In the case of 
measuring multiple distances, the trilateration 
method is used for positioning calculation [10]. 
However, in practical applications, signal strength 
loss is often caused by obstacles, poor antenna 
characteristics, and other factors; thus, the distance 
error is large. Therefore, based on the RSSI 
algorithm, this study improves the RSSI algorithm 
according to the changes in indoor spatial signals, as 
well as the positioning accuracy of the algorithm. 

The signal model of the RSSI algorithm is shown 
in Equation (1). 

 10 lgRSSI n d A    
                             (1) 

Where: n represents the attenuation value of the 
signal strength which increases by 1 m every time 
the signal travels, d represents the distance between 
the positioning node and the base station, and A 
represents the absolute value of the received energy 
intensity at a distance of 1 m from the transmitter. 

However, in practical applications, the 
positioning node is mobile, and only a model cannot 
determine the attenuation degree of the signal 
received by the node. On the one hand, the 
attenuation factor of the signal will change as the 
blocking object changes. On the other hand, the 
position of the blocking object in the position space 
between the mobile node and the reference node 
will also change as the position of the mobile node 
changes. In the RSSI algorithm, the trilateration 
method is shown in Figure 6. In the ideal case 
(Figure 6A), by using the distance between the 
positioning node and the three reference nodes (d, e, 
f) as the radius, three circles D, E, F are made.  

The three circles intersect at one point, and the 
intersection point is the coordinate O of the moving 
node. However, in the actual situation (Figure 6B), 
blocking objects and noise will attenuate the signal. 
There are three intersections (a, b, c) between the 
three circles, and they do not intersect at one point. 
Thus, the resulting mobile node positioning accuracy 
is poor. 
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Figure 6: Trilateral measurement method (A: ideal 

situation; B: actual situation) 
 

To improve the RSSI algorithm, first, the 
measurement distance between the mobile node and 
the reference node is corrected by the least square 
method, and the error caused by the environmental 
impact is compensated [11]. The distance between 
the moving node (X, Y) and each reference node (Xi, 
Yi) is as shown in Equation (2). 

   
2 2

, 1, 2,3,4i i ix X X Y Y i    
            (2) 

Combining Equation (1) and least squares, the 
sum of squared deviations is assumed as in Equation 
(3). 

   
2

1

,
n

i i

i

P a b ax b y


  
                              (3) 

Where yi represents the distance from the mobile 
node to the i-th reference node. 

The relationship between the corrected distance 
and the estimated distance is deduced as Equation 
(4). 

'
10

RSSI A
y a b

n

 
  

                                        (4) 
The three intersections of the three circles form 

an overlapping area. To calculate the coordinate 

values of the mobile nodes, this study uses the 

centroid positioning algorithm to calculate the 

average of the three intersections to make up for the 

limitations of the trilateration method. The 

coordinates of three reference nodes that are not on 

the same straight line are defined as (xa, ya), (xb, yb), 

and (xc, yc).  
The coordinates of the mobile node are derived 

from the distance between the two points as 
Equation (5). 
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                                                              (5) 

 
Where: ra, rb, and rc respectively represent the 

distances between the mobile node and the three 
reference nodes. 

Considering the positioning accuracy and cost 
comprehensively, 4 reference nodes are selected to 
participate in the positioning measurement [12]. To 
avoid accidental errors, 10 RSSIs are read and the 
average after removing a minimum and a maximum 
is obtained. 

 

2.4 Positioning system test 
 
When testing the positioning system, the 

parameters are measured first. In the RSSI 
algorithm, the parameter A of the mobile node (a 
signal strength value at 1 m from the transmitting 
end) and the parameter n (a signal strength 
attenuation value of 1 m away from the transmitting 
end) have an important effect on the positioning 
accuracy. The parameter A is related to the 
hardware, and the n parameter is related to the 
actual environment. To reduce the systematic error 
caused by parameter A and parameter n, the 
experimental model is improved by introducing 
error factors. In the ideal case, the parameter A is 
equal in any direction. However, the influence of the 
antenna on the transmitter and receiver is not the 
same as the parameter A in actual measurement. In 
this case, the error can be reduced by averaging 
multiple measurements. Figure 7 is a schematic 
diagram of the actual measurement of parameter A. 
The RSSI value of the signal transmitted by the 
central node O is measured at points A, B, C, and D, 
and the average value is taken [13-17]. 

O

1 m

A

B

C

D

 
Figure 7: The schematic diagram of actual 

measurement of parameter A 
 

To reduce the complexity of hardware 
implementation, the CC2431 positioning engine uses 
the indirect value n sub instead of the parameter n. 
The value range of n_sub is 0-31. Measurement is 
performed under the same environment, and the 
signal strengths are measured at the distances d1 

and d2 from the transmitting end, respectively. The 
parameter n is calculated by Equation (6). 
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                                                   (6) 

Where: RSSI1 is the signal strength at d1 from the 
transmitter, RSSI2 is the signal strength at d2 from 
the transmitter. 

Then, the parameter n is converted to n_sub. At 
the same time, errors are reduced by averaging 
multiple measurements. 

In the buildings, the main space is the rooms and 
the hall corridor. Therefore, the test is performed in 
the hall corridor and the rooms respectively, and the 
monitoring and positioning results before and after 
improvement are compared. 

 

3. Results and Discussion 
3.1 Monitoring and positioning results of 
indoor rooms 

 
The monitoring and positioning results of the 

indoor room are shown in Table 1 and Figure 8. 

Compared with that before the improvement, the 

accuracy of mobile robot monitoring and positioning 
in the indoor room after the improvement has been 

significantly enhanced. Before the improvement, the 

mean relative error (MRE) of the RSSI algorithm 
positioning is 23.27%. After the improvement, the 

MRE of the RSSI algorithm positioning is 13.91%, 

with an increase of 9.36%. It can be found in the 

figure that the positioning coordinates measured by 
the improved RSSI algorithm show extreme 

instability, it is difficult to determine the positioning, 

and the coordinate deviation is large. Therefore, it is 
related to influencing factors such as 

electromagnetic interference from indoor 

computers, air conditioners, people walking around, 

and blocking objects. Therefore, the improved RSSI 
algorithm cannot be applied to indoor positioning, 

where the electromagnetic environment is complex 

and blocking objects are various. The estimated 

coordinates of the improved RSSI algorithm are 
closer to the actual coordinates. They have higher 

stability, which greatly reduces the MRE of 

positioning and improves the accuracy of monitoring 
and positioning. It shows that the improved RSSI 

algorithm can be better applied to indoor 

positioning, where the electromagnetic environment 

is complex with various blocking objects. 
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Table 1: Monitoring and positioning results of indoor rooms 
Actual coordinates (X, Y)/m Estimated coordinates before 

improvement (X, Y)/m 
Estimated coordinates after 

improvement (X, Y)/m 
(1.00, 10.00) (1.20, 9.50) (1.20, 9.80) 

(2.00, 9.00) (0.70, 9.60) (2.50, 9.40) 

(3.00, 8.00) (1.10, 8.10) (2.80, 8.40) 

(4.00, 7.00) (4.50, 6.00) (4.50, 6.70) 

(5.00, 6.00) (7.00, 7.00) (5.40, 6.00) 

(6.00, 5.00) (4.30, 5.30) (5.60, 4.90) 

(7.00, 4.00) (6.00, 4.50) (7.30, 4.60) 

(8.00, 3.00) (8.80, 5.00) (8.00, 3.60) 

(9.00, 2.00) (8.20, 1.20) (9.10, 2.70) 

(10.00, 1.00) (9.50, 3.00) (9.60, 2.00) 
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Figure 8: MRE of indoor room monitoring positioning 

before and after improvement 
 

3.2 Monitoring and positioning results of the 
hall corridor 

 
The monitoring and positioning results of the hall 

corridor are shown in Table 2 and Figure 9.  

Compared with that before the improvement, the 
accuracy of the mobile robot monitoring and 
positioning in the hall corridor after the 
improvement has been significantly enhanced. 
Before the improvement, the MRE of the RSSI 
algorithm positioning is 14.86%. After the 
improvement, the MRE of the RSSI algorithm 
positioning is 10.82%, with an increase of 4.04%.  

Compared with indoor room monitoring and 
positioning, the MRE of the hall corridor monitoring 
and positioning is lower before the improvement. So, 
it is for the reason that compared with indoor rooms, 
the hall corridor is wider and less obstructed. 
However, the RSSI algorithm before the 
improvement is still affected by the random error of 
the measurement and the multi-path effect of the 
signal.  

Also, the improved RSSI algorithm can overcome 
these shortcomings and obtain higher monitoring 
and positioning accuracy. Therefore, the improved 
RSSI algorithm can significantly improve the 
accuracy of monitoring and positioning, whether in 
indoor rooms or hall corridors. 

 
Table 2: Monitoring and positioning results of the hall corridor 

Actual coordinates (X, 
Y)/m 

Estimated coordinates before improvement 
(X, Y)/m 

Estimated coordinates after 
improvement (X, Y)/m 

(1.00, 1.00) (1.90, 0.40) (1.50, 0.50) 

(2.00, 2.00) (2.20, 1.00) (2.20, 1.50) 

(3.00, 3.00) (2.50, 4.00) (2.50, 3.10) 

(4.00, 4.00) (4.50, 4.50) (4.50, 4.50) 

(5.00, 5.00) (5.00, 4.00) (5.00, 4.25) 

(6.00, 5.00) (6.70, 6.90) (6.50, 6.00) 

(8.00, 4.00) (9.00, 3.00) (8.50, 3.50) 

(10.00, 3.00) (10.20, 4.10) (10.00, 4.00) 

(12.00, 2.00) (11.00, 1.90) (11.60, 1.90) 

(14.00, 1.00) (13.00, 2.00) (13.00, 1.50) 
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Figure 9: MRE of hall corridor monitoring positioning 

before and after improvement 

4. Conclusions 
 
To improve the monitoring and positioning accuracy 
of indoor mobile robots, this study uses ZigBee 
wireless network as the core to carry out software 
design and hardware design under the binocular 
vision system. The traditional RSSI algorithm is 
improved to build a ZigBee wireless network indoor 
mobile robot monitoring and positioning system. 
System testing shows that the improved RSSI 
algorithm can significantly improve the accuracy of 
monitoring and positioning, whether in indoor 
rooms or hall corridors. Also, it can meet the 
monitoring and positioning requirements for indoor 
mobile robots. The analysis and improvement of the 
wireless sensor positioning algorithm based on 
ZigBee technology in this study have important 
practical application significance. However, there are 
also deficiencies in the research process. The 
positioning algorithm used in this study is based on 
2D space expansion, and the actual environment is 
3D. Therefore, in the subsequent research process, 
the algorithm will be extended to 3D space to obtain 
more valuable results. 
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