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Abstract: A disordered sorting platform is designed to realize the application of robot sorting 
technology in the automatic sorting of 3D vision target positioning manipulator. First, the camera is 
used to detect the object to be sorted visually in order to obtain the pose information of the object. 
According to the environment and the specific information related to the Salsa object, the hardware 
of the sorting system is selected, and the process and scheme of the whole system are designed. 
Second, the calibration of the robot vision system composed of Kinect camera and ABB1200 robot 
is studied. The connection between the Kinect camera and the robot is determined as the 
installation mode of Eye-to-hand, and the Kinect camera itself is calibrated. Then, the Eye-to-hand 
system composed of the robot and the camera is calibrated, and the position relationship between 
the camera coordinate system and the robot base coordinate system is obtained. Subsequently, the 
pose estimation of randomly stacked objects is studied. The point cloud information collected by 
the camera is pre-processed, and the template is preliminarily matched with the target object by 
using the SHOT (Signature of Histogram of Orientation). And then the ICP (Iterative Closure Point) 
algorithm is used for further point cloud registration. Finally, the pose of the target object is 
estimated under the Eye-to-hand calibration results. The experimental platform of the whole 
unordered sorting system is built, and the multiple unordered sorting experiments of multiple 
objects are carried out, followed by the analysis of the experimental results. The error between the 
pose estimation results and the actual position is about 4mm, which verifies the feasibility of the 
system scheme and method and enables the robot to perform the unordered sorting task in 
centimetres, meeting the design requirements of the system. Therefore, the study provides a 
reference for future related research. 
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1. Introduction 
 
With the continuous development of China’s 
economy, the automation production process based 
on the industrial robot is more common in parts 
assembly, cargo packaging and 3C industry [1]. More 
and more enterprises hand over the tasks that the 
previous factories complete manually to robots, 
which greatly saves the labour cost of the enterprise, 
improves production efficiency, and thus increases 
the economic benefits of the company [2]. 
Meanwhile, robots are also applied in the fields of 
automobile manufacturing and medical treatment, 
which ensures the workers’ safety in a dangerous 
environment, and gradually changes the production 
mode, namely from the traditional workers as the 
leading force to the current industrial robot. 
Traditional robots mostly use teaching programming 
or offline programming to make robots do the point-
to-point motion, and it is difficult to realize more 
complex motion trajectory, which cannot achieve the 
flexibility and automatic production of the pipeline 
[3,4]. Such traditional methods also have certain 

requirements for the location of the grab objects. For 
example, when the shape or working environment of 
the grab object changes, the program needs to be 
rewritten, and the automation is not high. With the 
coming of the era of Chinese manufacturing in 2025, 
people attach great importance to intelligent 
technology. Nowadays, industrial robots are also 
developing towards intelligence. Mostly, the robot is 
combined with visual technology, enabling them to 
get the characteristics of these target objects, classify 
and identify them in the process of parts packaging, 
disassembly and transportation [5-7]. 

In the past decades, the research based on the 2D 
image is mature, and the vision technology based on 
the image is the most commonly used method in the 
target recognition, and it is also widely used in face 
recognition, medical detection and other fields [8]. It 
mainly applies the knowledge of pattern recognition 
and image processing to compare the common 
scenes of multiple images and process the image 
information, which includes the segmentation and 
feature extraction, to realize the target recognition 
and classification. Compared with 2D images, one-
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dimensional information is added to 3D point cloud 
information of objects. 

1) Deep information is added to 3D point cloud 
information to describe objects more 
comprehensively; 

2) The feature extraction of point cloud 
information is not affected by scale, rotation and 
illumination; 

3) 2D images based on vision technology can get 
3DOF information of objects, while 3D vision 
technology can get 6DOF information. These 
advantages make the hot topic in the field of vision 
gradually enter the 3D vision. 

With the continuous development of sensor 
technology, Microsoft launches the depth sensor 
Kinect a few years ago, which can obtain the three-
dimensional data of the object surface and is 
convenient to use. Kinect is favoured by researchers 
in the fields of three-dimensional reconstruction, 
gesture recognition, human bone recognition and so 
on. Kinect camera can obtain the point cloud 
information of all the object surfaces and recognize 
and classify the target object in the process of vision 
processing. Besides, ASUS's Xtion and Intel's 
Realsense SR300 have the same functions and are 
also widely used in the field of scientific research [9]. 

The above information reflects that the 
acquisition and processing of 3D information of the 
target object is an indispensable technology in the 
development of robot intelligence [10]. The 
recognition and position estimation of the target 
object to be captured by the robot are studied. The 
Kinect camera is used to build a vision system to 
obtain the point cloud data, and the related 
algorithms are used to complete the recognition and 
segmentation of the target object to estimate the 
position of the target object itself, which has great 
significance to the development of robot intelligence. 

 
2. Software and Hardware 
2.1 Overall Design Scheme 

 
The traditional production line adopts off-line 

programming for robot motion and has certain 
requirements for the placement of objects to be 
grasped, resulting in low production efficiency. The 
basic design scheme is as follows: (1) The teaching 
blocks are taken as the target objects to be captured 
in the experiment; (2) the Kinect camera and 
ABB1200 robot are used to build the whole 
experimental platform; (3) the 3D vision algorithm is 
applied to process the target objects to enable the 
robot to recognize the target objects; (4) the sorting 
task of the randomly stacked target objects in 
centimetre is completed. The design can improve the 
production efficiency. The flow chart of the overall 
scheme is shown in Figure 1: 

Robot and camera 
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Point cloud data of target 

object

Point cloud data is 

preprocessed for key point 
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matching and target 
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Determine target location 
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application test

 
Figure 1: Overall design scheme 

 
To realize the functions as expected, the 

hardware and software requirements for performing 
the function of automatic sorting of 3D vision target 
positioning manipulator should be met according to 
the flow chart in Figure 1. 

(1) Hardware  
The hardware mainly includes the ABB1200 

robot, Kinect camera and gripper. The robot 
modelled IRB1200-5 / 0.9 is selected, and the 
maximum payload is 5kg respectively. It is widely 
used in small object assembly, and food, beverage 
and object transportation. The principle is shown in 
Figure 2 [11]. The speed of Kinect camera 
transmitting colour images and deep images can 
reach 30fps. It can capture the colour image and 
deep images in sight simultaneously. Based on the 
relationship between the deep map and the depth of 
spatial points, point cloud data can be obtained. The 
way to get the depth of Kinect camera is: the infrared 
emitter emits a laser in a specific area; the light 
shines on the surface of the object and then reflects 
back to the infrared camera to identify the current 
depth. The end effector of the robot system is 
SCHUNK's electric 2-finger translational machine 
modelled 0306101EGN100 made in Germany. The 
internal multi-tooth guide rail can provide a larger 
grasping force and torque load. And its minimum 
grasping force is 170N and the maximum is 720N, 
which can meet the needs of most users. The finger 
part at the lower end of the manipulator can be 
customized according to the actual situation [12]. 
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Figure 2: IRB100-5/0.9 rotor 

 



Application of Robot Sorting Technology in Automatic Sorting of 3D Vision Target Pose Manipulator 

 

 

International Journal of Mechatronics and Applied Mechanics, 2021, Issue 10, Vol. II 131 

(2) Software  
With the rapid development of industrial 

automation, the pressure of market competition is 
also increasing. Enterprises need to reduce 
production costs and improve product quality to 
obtain more profits. However, it is impossible to 
spend time on industrial robot programming to test 
or operate at the beginning of producing a new 
product, because the industrial robot programming 
needs to stop all the processes of the products being 
produced, and then program the parts of the new 
product that need to be operated. The RobotStudio 
software can simulate the off-line programming of 
the robot. This process can be carried out, as well as 
the actual work of the robot, which improves work 
efficiency. In RobotStudio, many functions can be 
realized. For example, it can import various formats 
of CAD model data, and designers can program the 
current system with higher accuracy. It can also 
simulate the actual robot system and the working 
system of the industrial robot before the formal 
work, verifying the feasibility and safety of the 
scheme, and then performing the production, which 
provides a guarantee for the whole production 
process. 
 

2.2 Robot and Camera Calibration 
 

(1) Classification of the robot vision system 
The camera and the end of the manipulator 

constitute the machine vision system. According to 
the fixed position of the camera, the hand-eye 
system is often divided into two types: Eye-in-hand 
and Eye-to-hand [13]. As shown in Figure 3, the 
camera of the Eye-in-hand system on the left is 
installed at the end of the manipulator. When the 
manipulator is working, the camera will move with 
the movement of the manipulator. The camera of the 
Eye-to-hand system on the right is installed at a fixed 
position outside the manipulator. When the robot is 
working, the camera will not move with the 
manipulator. 

 

Camera

Camera

Robot Robot

(a) (b)

 
Figure 3: Hand-eye system (a: Eye-in-hand; b: Eye-to-

hand) 
 
Eye-in-hand is used more industrial robots. When 

the manipulator is closer to the target, the camera is 
closer to the target accordingly.  

In this case, the absolute error of the camera 
measurement will be reduced and the accuracy will 
be improved. But in practical application, because 
the view field of the camera in the Eye-in-hand 
system changes with the movement of the 
manipulator, it cannot guarantee that the target is 
always in sight. And sometimes there may lead to 
target loss. The Eye-to-hand system is widely used in 
humanoid robots and mobile robots with the 
manipulator. The manipulator can operate the target 
according to the visual measurement, and it may also 
block the target [14]. Because the calibration of the 
Eye-to-hand system is relatively easy to achieve and 
it is used for the visual inspection in the whole 
sorting system. 

(2) Calibration principle of robot and camera 
Calibrating the Eye-to-hand system is to gain the 

relationship between the camera coordinate system 
and the robot coordinate system. This process is as 
follows: make the robot end in different poses; 
obtain the parameters at external and the target of 
the camera, and record the position and attitude 
information of the robot end in different poses; solve 
the external parameters of the camera relative to the 
robot coordinate system. In the process, the target is 
fixed at the end of the manipulator, and the camera is 
installed at a fixed position outside the robot. When 
the target moves with the robot, the pose of the 
robot end needs to be recorded. The robot can move 
to any position of the two, as shown in Figure 4. 
 

Camera

Eye to hand

Robot

 
 Figure 4: Motion diagram 
 

The calibration experiment of the vision system is 
mainly divided into two parts, one is to calibrate the 
Kinect camera and get the internal and external 
parameters of the camera, the other is to calibrate 
the hand-eye system composed of the camera and 
the robot to get the external parameters of the 
camera relative to the robot coordinate system [15]. 
The Eye-to-hand camera installation method is used 
to build the vision system, that is, the Kinect camera 
is installed in a fixed position outside the 
manipulator, and the calibration plate is fixed at the 
end of the manipulator. 
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2.3 Point Cloud Data Processing and 
Recognition of Target Objects 

 
The main formats of point cloud data are PCD, 

PLY, STL, OBJ. The point cloud data collected by 
Kinect camera is PCD format. Generally, the point 
cloud data collected by 3D acquisition devices like 
radar and laser scanning are unevenly distributed, 
and the number of data is large. These data are 
different from the traditional solid grid data, and 
there is no geometric topology information between 
the points. The topological relationship between 
these points is established to reach the fast search 
between the neighbourhood areas. In addition, point 
cloud data is mainly used to record the information 
of the object surface. It is generally based on the 
surface normal and curvature of point cloud data to 
describe the features of points and data. 

(1) Point cloud data pre-processing 
Point cloud data collection is generally affected 

by SUCH factors as noise in the environment, nature 
of target object surface, camera accuracy and 
researcher operation, which will cause the data far 
away from the target object group point [16]. Before 
processing the point cloud data, the data should be 
filtered first to reduce the error brought by these 
factors in the experiment. The object to be identified 
is the teaching block, which is widely used. The side 
length of the square block is 5cm, and all of them are 
placed on a plane. After the camera collects the point 
cloud data in the whole scene, the background needs 
to be modelled and removed to extract the 
information of the target object. The more common 
RANSAC (RANdom SAmple Consensus) algorithm is 
selected, that is, a random sampling consistency 
algorithm is used to segment the carrier plane. In 
short, the algorithm is an iterative method to 
estimate the parameters of the mathematical model. 
The flow chart of the algorithm is shown in Figure 5: 
 

Randomly select in-game 

points

The unselected points are brought 

into the appropriate model to 

determine whether they are in-

game points

Continue when the number of 

points is the maximum number of 

iterations

The best model is when 

there are the most in-

office points  
Figure 5: The flow chart of the algorithm 

 
RANSAC method is used to extract the point cloud 

plane. Assume that the plane model equation is 
ax+by+cz+d=0, and the purpose of using RANSAC is 
to find the four parameters a, b, c, and d in the model. 
The specific fitting process is as follows: 

1) Three non-collinear points {𝑝1,2,𝑝3} in the 
point cloud scene are randomly selected; 

2) A plane can be obtained from the three points 
above; 

3) For any point P in the point cloud, the distance 
from the point to the plane is calculated. If the 
distance is less than the set threshold, then p is the 
focal point; 

4) Traverse the points in the whole scene, 
calculate the distance from the point to the plane, 
select the interior points, and count the number of 
interior points; 

5) Repeat the above steps to the maximum 
number of iterations, and select the plane model 
with the most interior points as the optimal fitting of 
the background plane; 

6) The set of all points from the point to the 
optimal plane is calculated as the point cloud data of 
the plane in the scene; 

The load plane model is obtained by using the 
random sampling consistent algorithm, and then the 
plane is removed by using the direct filter, which 
performs on the z-axis and removes the points 
outside the z-axis. The point cloud data of the target 
object in the scene has a certain distance from the 
point cloud data of the background of the load plane. 
The random sampling consistent algorithm is used to 
fit the load plane, on which the load plane of the 
background is removed. Meanwhile, the invalid 
points in the origin cloud are deleted, and only the 
point cloud data of the object to be sorted is left in 
the scene, which is convenient for the following 
segmentation and matching. 

Because the target object used is a cube block, 
there are three situations in which the camera can 
see the object, that is, when the object is placed 
horizontally, one face can be seen, and when the 
object is placed obliquely, two or three faces can be 
seen. The template is created in three cases using the 
same method. 

(1) Key point extraction based on ISS3D 
algorithm 

When the point cloud data are matching, some 
representative points are usually used to represent 
the information of the whole model. The reduction of 
the number of points also accelerates the processing 
speed of the program. Feature point extraction is to 
use these representative feature points to complete 
the matching. The feature points are applied to 
match the objects in disorder with a few obstacles, 
gaining a good recognition effect [17]. In 2D image 
processing, key point extraction algorithms include 
SIFT (scale invariant feature transform), FAST 
(features from accelerated segment test), and ORB 
(oriented fast and rotated brief). In 3D, many key 
point extraction algorithms come from 2D 
algorithms, such as SIFT3D, HARRIS 3D, ISS3D. The 
literature shows that the ISS3D (intrinsic shape 
signatures) algorithm is more stable for key point 
extraction, faster and accurate in object surface 
description. 

Based on the above, the ISS3D algorithm is 
selected to extract the key points of the template 
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point cloud data and the target object, according to 
the three models in (2). 

(2) Feature matching based on SHOT 
After the feature of the SHOT is explained in 

detail and the key points of the template and the 
target point cloud are extracted, the SHOT feature is 
used for the matching experiment. KD tree is 
adopted to calculate the nearest feature in the 
template point cloud feature set, gaining a matching 
set. In the matching process, since the Geometric 
Consistency Grouping will produce one or more 
matching results, the Global Hypotheses Verification 
is applied to get an optimal matching result for 
subsequent fine registration [18, 19]. The template is 
created by taking a single object offline and then 
removing the carrier plane. The initial pose of the 
template is the actual pose of the object in the robot 
base coordinate system when the camera collects the 
template data and then is combined with the hand-
eye calibration results. 

 (3) Target recognition based on ICP algorithm 
The descriptors of each model in the cloud 

database are matched. Therefore, the kd-tree search 
structure is used to perform the nearest neighbour 
search, retrieve the Euclidean distance between 
descriptors, and select and set the maximum 
distance value as the threshold. After feature point 
matching, it belongs to coarse registration, and then 
fine registration can be carried out by using the 
classic ICP. The registration is equivalent to the 
recognition of the current target [20-22]. This 
method is a matching method of point set relative to 
the point set and calculates the optimal coordinate 
transformation iteratively through the least square 
method, that is, rotate matrix R and translate vector t 
to minimize the error and calculate the pose change 
of the object relative to the template in the scene. 
 

3. Visual System Calibration and Target 
Sorting Experiment Results 

3.1 Calibration Experiment of the Vision 
System 

 
Kinect camera is used to take 10 checkerboard 

images under different postures as calibration 

images under Windows 7 system. The final 

calibration results are shown in Figure 6. 

Figure 6 indicates the reprojection error of the 

target image. The error of each image is less than 

0.15 pixels, and the overall average error is 0.132 

pixels, showing a good effect. 
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Figure 6: Key point extraction results of three types of 

templates 
 

When the camera is calibrated to capture the 
target image, record the position and pose of the 
corresponding manipulator end effector relative to 
the robot base coordinate system, as shown in Figure 
7. 
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Figure 7: Information of robot end corresponding to the target image 
 (A: position information; B: angle information) 
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3.2 Random Sorting Experiment of Target 
Objects 

 
The pose of each small block to be grasped in the 

robot base coordinate system is statistically sorted 
out. X, Y and Z represent the position of the centre of 
mass of the point cloud on the surface of the object in  

the robot coordinate system, and A, B and C 

represent the rotation angle of the target around the 

x, y and Z axes [23,24]. 

The comparison between the position and angle 

information of the target object to be sorted and the 

information of the actual grab is shown in Figure 8. 
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Figure 8: Comparison between the information to be sorted and the actual information to be grasped  

(A: position comparison; B: angle comparison) 
 

Figure 8 shows the actual pose information of the 
object in the scene in the robot base coordinate 
system can be read from the robot teaching device, 
and the robot can be manually operated to move its 
end to the designated position for recording. The 
rotation angle of the target around any of the x, y, 
and z axes is around 180° [25-27]. Therefore, the 
error between the pose of the object obtained by the 
program matching and the actual pose of the object 
in the scene is shown in the figure: 
 

Table 1 Errors  
Position error/ 
mm  

Angle error /° 

 

X 4.12 A 3.02 

Y 3.56 B 2.86 

Z 3.87 C 3.97 
 

Table 1 shows that through the statistics and 
analysis of the pose error results of the target object, 
the average error on the x, y and z axes is 4.12mm, 
3.56mm and 3.87mm respectively, and the overall 
average position error is 3.85mm. The angle error 
around the x, y and z axes is 3.02 °, 2.86 ° and 3.97 ° 
respectively, and the overall average angle error is 
3.28°. Through the experiments on multiple target 
objects and the analysis of experimental data, the 
target recognition matching algorithm and the robot 
sorting system designed based on ICP can complete 
the sorting of randomly stacked target objects and 
the sorting task in centimetres [28,29]. 

4. Conclusion 
 
The workpiece recognition and sorting in the 

application field of an industrial robot is always a hot 
research topic. The disordered sorting technology of 
industrial robots based on target recognition is 
studied. The hardware experimental platform is built 
by using a Microsoft Kinect camera, robot and 
XiongKe claw. The program is written on the 
windows 7 operating system combined with PCL 
point cloud library and RobotStudio software, and 
the results and the experiment verify the feasibility 
of the method. According to the research content, the 
following research work is done: (1) read a large 
number of domestic and foreign literature, establish 
the research background and significance, analyse 
the research status of some domestic and foreign 
companies applying robot sorting technology, 
summarize and compare the research status by 
target object detection technology, and the whole 
content is displayed. (2) According to the overall 
design of the sorting system, the experimental 
hardware is selected and the Kinect camera and 
robot are used to build the robot vision system and 
the camera parameters are obtained. The robot 
vision system is calibrated by using the camera 
parameters and the robot pose information recorded 
in the calibration picture, and the position 
relationship between the camera and the robot is 
obtained. (3) The Kinect camera is used to collect the 
scene information of the target object and pre-
process the obtained point cloud data. Furthermore, 
the template of the target object is established to 
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remove the background of the target object and the 
template, and the key points of the point cloud data 
are extracted. The extracted key points are described 
by SHOT features, and the preliminary registration is 
carried out. Finally, the ICP (Iterative Closure Point) 
method is used for fine registration. Experiments are 
designed to verify the feasibility of the method. (4) 
The scheme of the whole sorting system is verified 
by experiments. According to the actual information 
of the target object, the hand claw and other 
equipment are programmed and debugged in 
advance, and multiple target objects in the scene are 
sorted. Finally, the overall average position error 
and average angle error are 3.92mm and 3.14 ° 
respectively, which verifies the feasibility of this 
method and the disordered sorting system. 
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