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ABSTRACT: In order to study the visual servo control algorithm of intelligent robot, 

improve the autonomy of the control system, make it adapt to the surrounding environment 

spontaneously and make response, based on the visual servo control theory, the robot visual 

servo control system is constructed. Firstly, the collected images are processed and feature 

points are extracted. Secondly, the extended H∞ particles (EHP) filtering algorithm is 

introduced to identify the image Jacobian matrix online. On this basis, the traditional 

Proportion Integral Differential (PID) control method and inverse Jacobian matrix control 

method are improved, and the inverse Jacobian matrix Proportion Integral (PI) control 

algorithm is proposed. Based on this, the whole operation flow of visual servo control system is 

constructed to control the robot to track the moving target in the plane. Finally, the control 

results are verified by simulation experiments. The results show that the robot under the 

guidance of the vision servo control algorithm can make real-time reflection according to the 

motion of the target in the plane. The tracking trajectory overlaps gradually and the trajectory 

error gradually returns to zero, which proves that this algorithm has high practical application 

value. This research has important reference value for the application of visual servo control 

algorithm and system in intelligent robot control. 
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1 INTRODUCTION 

In recent years, with the continuous progress and 

development of science and technology, as the 

centralized representative of automation, intelligent 

robots are more and more widely used in people's 

production and life. More and more kinds of home-

based robots, industrial robots, agricultural robots 

and other types robots are widely used in family 

care, education and entertainment, disaster relief, 

technical exploration, medical rescue and other 

important fields (Wu et al., 2019). The robot has 

high efficiency, stable performance, high precision 

and can adapt to the operation in high-risk 

environment. However, most of the existing robots 

can only operate according to the pre-set 

procedures, and their autonomous cognitive ability 

is poor. They cannot actively adapt to the 

surrounding environment, can only achieve fixed 

operations and actions, and cannot spontaneously 

engage in various activities. Therefore, they are 

unable to meet the diversity requirements of people. 

In view of the above problems, experts try to install 

various detection devices and sensors on the robot 

to achieve the purpose of real-time monitoring of 

the external environment information. In these 

devices, vision sensor has become an important part 

of intelligent robot system because of its advantages 

of non-contact measurement, wide application range 

and easy access to a lot of information. The robot 

vision system is equivalent to human eyes, which 

can easily and effectively perceive the external 

environment, extract the required information, and 

guide the robot movement after transformation 

(Chen et al., 2019). The system improves the 

environment perception ability of intelligent robot 

to a great extent and makes the robot adapt to the 

surrounding environment quickly, thus improves the 

level of automation and intelligence, and widens its 

application range. 

At present, the vision servo control of intelligent 

robot has become a hot issue in the research of 

intelligent robot, and scholars at home and abroad 

have made a lot of research on it. Zhou et al. 

developed an intelligent robot with self-recovery 

function. Its working principle is to change its 

operation through visual sensor and angle sensor. 

Once the external information changes, it can make 

corresponding changes (Zhou et al., 2019). Yüksel 

designed a set of computer program by using image 

processing technology to enable intelligent robot to 

recognize facial features of different people 

(Yüksel, 2019). Wang et al. studied the binocular 

vision servo control system of robot based on 
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Hamilton, and designed a robot control system with 

active disturbance rejection controller, which solved 

the parameter uncertainty and external interference 

of quadrotor aircraft Some sensitive issues (Wang et 

al., 2018). Feemster et al. introduced a vision 

control method in the research of robot control 

system to solve the problem of inaccurate 

positioning, etc. (Feemster et al., 2020). Although 

the predecessors have done effective research in 

many aspects, with the continuous progress of robot 

technology and the continuous growth of practical 

needs of all walks of life, it is necessary to keep 

pace with the times and innovate constantly to meet 

the growing rational needs of people. 

In conclusion, on the basis of image processing, 

the traditional Proportion Integral Differential (PID) 

control method and inverse Jacobian matrix control 

method are studied and improved, and the inverse 

Jacobian matrix PI control algorithm is proposed 

and applied to the operation of visual servo control 

system. This study provides an important reference 

for the updating of visual servo control technology. 

2 MATERIALS AND METHODS 

2.1 Research on image processing method of 

visual servo control system 

The visual servo control system controls the 

robot motion by receiving the image information of 

the external environment, processing and 

transforming it (Zhang et al., 2018). Therefore, the 

image processing module has become the most 

basic and key part of the whole control system. The 

quality of image processing is directly related to the 

accuracy and stability of the whole system control. 

The image processing method of visual servo 

control system is studied. Through the camera on 

the robot actuator, the image information of the 

external environment is acquired in real time. 

Firstly, the image is preprocessed. Secondly, the 

feature points are extracted and recognized. Finally, 

the required image information is obtained. The 

specific process is shown in Figure 1. 

Graphic gathering

Start

Image preprocessing

Feature extraction

Contour extraction

Boundary fitting

End

 
Figure. 1 Image processing flow chart of visual servo control system 
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(1) Image acquisition: In the process of image 

processing, image acquisition is to collect the image 

information of the external environment, and is the 

basis of transforming and recognizing digital signals 

and subsequent processing. Charge coupled device 

(CCD) industrial camera is used. It has the 

advantages of high definition, good color 

restoration, simple operation and convenient 

storage. The camera is installed at the end of the 

robot actuator for image acquisition, and then the 

collected image is transmitted to the computer 

through the data transmission line. The CCD 

industrial camera is shown in Figure 2. 

 
Fig. 2 CCD industrial camera 

 

 (2) Image preprocessing: the image directly 

obtained by the camera is often disturbed by 

external noise, resulting in poor image effect, which 

causes trouble to the subsequent image analysis. 

Therefore, it is necessary to denoise image features 

before extracting them. Gaussian filtering method is 

used to eliminate noise, which can carry out 

weighted average operation of all pixels in the 

image. Then, the weighted mean is used to replace 

the pixels in the image, so it has high accuracy. 

(3) Image feature extraction: The feature of 

image reflects the representative information which 

is different from other images, and is the symbol to 

distinguish different images. Therefore, feature 

extraction is very important in target recognition, 

which affects the subsequent recognition accuracy 

and the processing speed of the system. Good 

features should be independent, reliable and 

distinguishable. Taking the coordinates of the center 

point of the target image as the image feature, the 

image moment method is used to extract the target 

feature. Image moment is the concept of moment 

introduced into the description of image features, 

and the pixel quality is measured by the gray value 

of image pixels. 

If there is a target image A, its (a + b) order 

image moment is expressed by equation (1): 

 a

ab
b

N M

x=1 y=1

yn = x f x,y
                        (1) 

In equation (1), n represents the sum of the gray 

values of the image, (a + b) is the order of the image 

moment, f (x, y) is a functional representation of A. 

nab and f (x, y) are uniquely determined. 

For binary images, the area is expressed by 

equation (2): 

 
N M

00
x=1 y=1

n = f x,y
                             (2) 

In equation (2), n00 represents the image area. 

If the image thickness is uniform, the centroid 

coordinates are expressed by equation (3): 

10 00 01 00
n n n nx= ,y=

                       (3) 

In equation (3), n10 represents the sum of x 

coordinates of all points on the image, and n01 

represents the sum of y coordinates of all points on 

the image. 

To sum up, the above equation can be used to 

calculate the centroid coordinates and area of the 

target image, which can be used as image features. 

2.2 Research on control method of visual 

servo control system 

The extended H∞ particles (EHP) filtering 

algorithm is introduced. Then, the algorithm is used 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 3/2020 

134 

to identify the image Jacobian matrix online. On 

this basis, the inverse Jacobian matrix PI control 

algorithm is designed. 

(1) Construction of image Jacobian matrix: 

Image Jacobian matrix plays a very important role 

in the visual servo system. It can feedback the 

received external information to the robot control 

system to control its motion, so as to achieve the 

purpose of visual servo control (Rui et al., 2019). 

The image Jacobian matrix of the whole visual 

servo system is expressed by equation (4): 

   

   

1 1
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f q f q

q q
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f q f q

q q
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In equation (4), f represents the change rate of 

the eigenvector in the image, q represents the 

velocity of the robot joint motion, and the variables 

of the eigenvector and the motion speed in the 

matrix are represented by m and p respectively.   

(2) Introduction and application of EHP filtering 

algorithm: Particle filter algorithm usually obtains 

particles from the importance function first, and 

then uses these random particles to elaborate the 

probability distribution problem. This method is 

easy to implement, but it will have deviation to a 

large extent. When the sample is complex, the 

deviation is more obvious. In order to avoid this 

problem, the EHP filtering algorithm is introduced 

to generate the importance function, and the image 

Jacobian matrix is identified on-line to make the 

selected particles closer to the actual target, so as to 

improve the sampling efficiency. The flow chart of 

EHP filtering algorithm is shown in Figure 3. 

Update particles with 

new algorithm
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each particle
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Result

Time 

update

Status 

update

 
Figure. 3 The flow chart of EHP filtering algorithm 

 

(3) Design of visual servo control algorithm: The 

working principle of visual servo control system is 

to collect the image information of the external 

environment through the camera on the actuator. 

Then, the image processing module processes and 

transforms the image information to the control 

system to control the motion of the robot. The 

whole control process is a closed-loop structure 

(Sánchez-Ramírez et al., 2019). The traditional PID 

control method and inverse Jacobian matrix control 
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method are studied and improved, and an inverse 

Jacobian matrix PI control algorithm is designed. 

If the overall image feature error of the system is 

expressed by equation (5): 

   *e t = f - f t
                              (5) 

In equation (5), f* represents the desired image 

feature of target A, which can be expressed by 

equation (6). f(t) is the actual image feature of robot 

motion transformed from matrix, which can be 

expressed by equation (7). 
T

* ** u vf =  
                              (6) 

     
T

t t tu vf =                           (7) 

In the process of robot running, image feature 

error is inevitable, and will continue to increase. In 

order to reduce the influence caused by these errors, 

the visual servo control algorithm established is 

shown in equation (8): 

 +
p tu=-k J e

                           (8) 

In equation (8), J
+
 represents the inverse matrix, 

which can be expressed by equation (9): 

 
-1

T T+ J J JJ =
                           (9) 

2.3 Research on the whole construction 

method of visual servo control system 

 (1) Overall construction of control system 

Visual servo control is generally used to collect 

images by camera, and then get feedback 

information through image processing technology, 

and then control the system accordingly (Ghasemi 

et al., 2019). The overall structure of the proposed 

visual servo control system is shown in Figure 4. 

Control system

Decision making

Robot Center

Movement

Visual feedback

Image processing

Task

 
Figure. 4 Overall construction of visual servo control system 

 

 

It can be seen from the figure 4 that the visual 

servo control system is generally a closed-loop 

structure, and the most important modules are the 

visual servo control system and robot motion 

system. When the external task is initiated, the 

image capture and decision processing are carried 

out by the control system, and then the transformed 

signal is transmitted to the robot motion control 

system to guide the robot to track the target motion. 

During this period, the visual servo control system 

needs to update the visual feedback and image 

processing constantly according to the movement of 

the external target, so as to complete the whole 

tracking operation of the robot. 

(2) Workflow of control system 

High-level programming language C++ is used 

to design the specific control interface of visual 

servo system. The flow chart of the program is 

shown in Figure 5. 
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Figure. 5 Workflow chart of visual servo control system 

 

It can be seen from the figure that the working 

process of the whole visual servo system is to use 

the camera to collect images, and then eliminate the 

interference of noise by image preprocessing, and 

then extract the image features from the image, 

which can be used to guide the movement of the 

robot after the system conversion. Because the 

function of the control system is implemented on 

the basis of image processing, the accuracy of 

feature points extraction in the image will have a 

great impact on the control results. Therefore, in 

this flow chart, the role of image processing is very 

important, which must be strictly verified to ensure 

the smooth implementation of the follow-up work. 

3 RESULTS AND DISCUSSION 

3.1 Simulation results analysis of visual 

servo control algorithm 

In order to analyze and verify the performance of 

the proposed visual servo control algorithm and the 

image identification of EHP filtering algorithm, 

MATLAB simulation platform is used to test the 

image error of robot tracking target motion and the 

position change degree of robot joint angle, and the 

identification results of EHP filtering algorithm and 

Kalman filter are compared.  

(1) The image error test results of target motion 

are shown in Figure 6 and Figure 7. 

It can be seen from the figure 6 and 7 that 

through the comparison of the online recognition 

results of image Jacobian matrix by the two filtering 

algorithms, the image recognition error of EHP 

filtering algorithm is smaller, the jitter is smaller, 

and the stability is higher, while the image 

recognition error of Kalman filtering algorithm is 

larger. Therefore, the performance of EHP filtering 

algorithm is better than that of Kalman filter 

algorithm. 

(2) The position change test results of robot joint 

angle are shown in Figure 8 and Figure 9. 

It can be seen from the figure 8 and 9 that the 

robot under the guidance of the proposed control 

algorithm can make real-time response with the 

change of target position, and the change curve of 

joint angle position identified by EHP filtering 

algorithm is better than that reflected by Kalman 

filter algorithm. 

 



ACADEMIC JOURNAL OF MANUFACTURING ENGINEERING, VOL.18, ISSUE 3/2020 

137 

0 20 40 60 80 100 120

-40

-30

-20

-10

0

10

20

E
x

K

 Kalman

 EHP

 
Figure. 6 Change chart of Ex error identified by two algorithms  
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Figure. 7 Change chart of Ey error identified by two algorithms 
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Figure. 8 Change chart of SitA1 identified by two algorithms 
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Figure. 9 Change chart of SitA2 identified by two algorithms 

 

(3) The identification error and recognition time 

of two algorithms for online identification are 

shown in Table 1. 

Table 1 Comparison of identification error and 

recognition time of two algorithms for online 

identification 

Algorithm Identification 

error/mm 

Recognition 

time/s 

Kalman 22.3 0.397 

EHP 12.1 0.401 

 

It can be seen from the table that under the same 

conditions, the recognition error of EHP filtering 

algorithm is greatly reduced compared with that of 

Kalman filtering algorithm, and the recognition 

execution time is roughly the same as that of 

Kalman filtering algorithm. Therefore, EHP 

filtering algorithm improves the speed and accuracy 

of online recognition, and the image results 

identified by this algorithm are more valuable. 

3.2 Problems in the positioning system 

Target A moves randomly in the two-

dimensional plane. The robot is guided by the visual 

servo control system to track the trajectory of target 

A, and the trajectory curves of the two are obtained. 

The trajectories and errors of the two methods are 

compared 

(1) The trajectory curves of the two are shown in 

Figure 10: 
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Figure. 10 The trajectory curves of the two 
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It can be seen from the figure that the trajectory 

of the two gradually coincides to the back, which 

proves that the robot tracking effect guided by the 

visual servo control system is good. 

(2) The tracking error of robot is shown in 

Figure 11. 
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Fig. 11 Error curve of robot tracking trajectory 

 

It can be seen from the figure that with the 

extension of tracking time, the trajectory error of 

the robot tracking target gradually decreases, and 

the expected experimental results are achieved. 

4 CONCLUSION 

With the rapid development of robot technology, 

the research on intelligent control of robot is very 

important. In the analysis of traditional visual servo 

control technology, the existing research results at 

home and abroad are absorbed, and the experience 

with regularity is summarized, which is applied to 

the improvement of visual servo control system. In 

the process of image processing, Gaussian filtering 

is used to deal with the noise in the environment, 

and the image Jacobian matrix is introduced for 

online identification. On this basis, the traditional 

PID control method and inverse Jacobian matrix 

control method are studied and improved. A new 

inverse Jacobian matrix PI control algorithm is 

designed, and the high-level programming language 

C++ is used to construct the whole operation flow 

of the visual servo control system to control the 

robot to track the moving target in the plane. 

Finally, in order to verify the feasibility of the 

proposed visual servo control algorithm, MATLAB 

simulation platform is used to test the image error 

of robot tracking target motion and the position 

change degree of robot joint angle. It is found that 

the robot under the control of the algorithm can 

make corresponding response according to the 

target motion in the plane, and the error of the 

motion trajectory gradually decreases with the 

extension of the motion time. 

However, in the development of intelligent robot 

control system research, there are still some 

deficiencies and limitations. For example, this study 

is to track the moving object on the two-

dimensional plane, and cannot get the target motion 

in the three-dimensional space. In addition, the 

control algorithm and system design are improved 

on the basis of image processing. The accuracy of 

image feature extraction will have a great impact on 

the control results. The future research should be 

more extensive, more independent and more 

intelligent. 
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