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Abstract 

In order to improve the programming efficiency and man-machine interaction, a robot 
teleteaching system based on augmented reality and target detection is proposed in this 
paper. In this paper, virtual robot model and kinematics model are established. Based 
on the relative position relationship between real robot and RGB-D sensor obtained by 
hand-eye calibration, virtual robot model is superimposed to RGB images of the working 
scene by augmented reality technology, so as to achieve the consistent position between 
virtual and real. The YOLOv5 target detection algorithm is used to recognize and track 
the position of the attitude teaching device in real time, and read the attitude of the 
inertial sensor in the attitude teaching device, so as to realize the real time planning of 
the robot pose, and improve the man-machine interaction and teaching efficiency of the 
robot remote teaching. 
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1. Introduction 

At present, robots have been widely used in welding, grinding, machining and assembly of 
mechanical parts and components. In intelligent manufacturing, nuclear industry, aerospace 
research and other fields[1], traditional robots cannot independently complete teaching tasks 
because workers and robots are not necessarily in the same physical space and are restricted 
by the uncertainties and complexity of the working environment. In addition, due to the poor 
environmental perception ability of existing intelligent robots, there are security risks in the 
process of autonomous task execution, and it is difficult to achieve a relatively safe and reliable 
autonomous teaching programming of robots in the short term[2]. The robot remote teaching 
technology provides a new research direction for the robot remote teaching in complex 
environment. In order to improve the man-machine interaction of robot teleteaching, a robot 
teleteaching system based on augmented reality (AR) and target detection is designed by using 
RGB-D sensor and attitude teaching device. The system provides a more simple man-machine 
interaction mode, so that the teaching personnel can control the robot to teach tasks easily and 
quickly. The main contributions of this paper are as follows: a robot teleteaching method based 
on augmented reality and target detection is proposed, which requires less programming level 
and professional knowledge of the instructors and has good man-machine interaction. 

2. Related work 

Robot remote teaching[3] is mostly used in harsh environments such as high temperature and 
high radiation or unreachable environments where people cannot reach. Currently, master-
slave control is mainly adopted. The teaching personnel and the slave robot are located in 
different physical Spaces, and the slave robot is controlled to perform teaching tasks by 
operating the master robot. Due to the limitation of robot environment perception ability and 
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poor man-machine interaction, the efficiency of robot remote teaching programming is low. 
Nawab et al. put forward by the use of augmented reality in the end of the robot actuators 
covered a color coding coordinate system, and the corresponding relation and color coding 
coordinate system map directly to is used to control the position and direction of color coded 
lever, reduced the joystick to reverse direction and distance error, to enhance the operability[4]. 
Wang et al. proposed a 3D model driven remote robot assembly method, by machine vision 
method to establish the remote end assembly environment of 3D virtual model, teaching staff 
remote side state real time monitoring, and in the 3D virtual environment of virtual robot 
simulation assembly, a physical robot motion to drive the remote end, improve the efficiency 
of assembly[5]. Liu et al. proposed a remote human-machine collaboration system based on 
information physical Fusion System (CPS), which uses the local end robot to control the remote 
end robot and provides the operator with a real-time production environment at the remote 
end[6]. Zhu et al. dynamically fused the prediction simulation graphics with the real 
environment and controlled the teleoperation robot to complete a series of space tasks, which 
greatly improved the interference of communication delay on remote operation and improved 
the teaching efficiency[7]. Nikolaos et al. put forward a human-machine collaboration closed-
loop control system based on real-time safety distance assessment and trigger collision 
prevention measures for human-machine collaboration in the face of human-machine 
collaboration and CPS technology, in order to ensure the personal safety of trainers in human-
machine collaboration[8]. The robot remote teaching method proposed in the above research 
has high requirements on the programming level and professional knowledge of the teaching 
personnel, and the teaching process is complicated, resulting in poor man-machine interaction 
of the robot remote teaching. Therefore, how to improve the teaching efficiency and man-
machine interaction of robot remote teaching is an urgent technical problem to be solved. In 
this paper, a robot remote teaching system based on augmented reality and target detection is 
proposed. The RGB-D sensor is used to identify the real-time position of the attitude teaching 
device and calculate the spatial coordinates of the attitude teaching device. The computer 
directly reads the attitude data of the inertial sensor module in the attitude teaching device and 
drives the virtual robot to move. 

3. Robot remote teaching system and key technology 

In order to improve the teaching efficiency and man-machine interaction of robot teleteaching, 
this paper designs a robot teleteaching system based on augmented reality and target detection, 
as shown in Figure 1. The teaching system is composed of local end and remote end. The local 
end includes RGB-D sensor, robot and its working scene. The remote end includes RGB-D sensor, 
attitude indicator and augmented reality visual interface. The local end obtains the RGB image 
and depth image of the robot working scene through rGB-D sensor in real time, and transmits 
them to the remote end in real time. The remote end uses augmented reality registration 
technology to superimpose the virtual robot model into the RGB image of the real work scene, 
providing real-time visual basis for the instructor's pose planning. The teaching personnel 
control the pose of the virtual robot by using the attitude teaching device, generate the robot 
motion instructions, and control the physical robot to complete the teaching task. The robot 
remote teaching process is as follows: 

(1) The RGB-D image of the robot working scene is acquired in real time by the RGB-D sensor 
at the local side, and the real-time RGB-D image is transmitted to the remote side. 

(2) According to the relative position relationship between the RGB-D sensor coordinate 
system and the physical robot coordinate system obtained by hand-eye calibration at the 
remote side, the virtual robot model is superimposed on the RGB image of the real work scene 
using augmented reality registration technology. 
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(3) The instructor uses RGB-D sensor to identify the spatial position of the attitude teaching 
device, and the computer reads the attitude data of the inertial sensor in the attitude teaching 
device[9], which is used as the pose input of the virtual robot model. The pose of the virtual 
robot model is observed and adjusted in the augmented reality visual interface. 

(4) Send the planned pose and attitude data to the physical robot control cabinet to control the 
robot to complete the teaching operation. 

 

 
Figure 1: Robot remote teaching system based on augmented reality and target detection 

3.1. Attitude indicator recognition method based on YOLOv5 

In 2016, Redmon et al. [10-13] proposed the YOLO target detection algorithm. The basic 
principle of THE YOLO algorithm is to treat target detection and recognition as a regression 
problem. With the continuous improvement of YOLO algorithm, YOLOv5 algorithm was 
introduced in 2020, as shown in Figure 2. Due to the simple structure and single target of he 
attitude teaching device required for recognition and tracking in this paper, the detection 
accuracy of YOLOv5 model is enough to be used, so this paper adopts YOLOv5 model for target 
detection and tracking.  

In this paper, Kinect 2.0 sensor was used to collect images of the attitude teaching device. 
According to the effective range of Kinect 2.0 depth camera (0.5-4.5m), the relative position 
relationship between Kinect 2.0 sensor and the robot was set. The portable attitude 
demonstrator was placed within the effective range of Kinect 2.0 sensor and the image was 
collected. In the process of image collection, the attitude of the attitude teaching device is 
constantly changed to collect images of the attitude teaching device at different angles, and the 
collected images are saved and renamed. The collected attitude indicator image is shown in 
Figure 3. 
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Figure 2: YOLOv5 target detection model 

 
Figure 3: Image acquisition 

The collected images are labeled for training, and the training results are as follows. Figure 4 
shows the Classification loss function curve, prediction accuracy curve and Recall curve when 
YOLOv5 model trains the data set of portable attitude indicator, and the prediction accuracy is 
99.5%. When the YOLOv5 model is used for real-time detection of the portable teaching device, 
the output detection image is shown in Figure 5. The detection effect is relatively good, and the 
attitude teaching device under different poses can be identified, and there is no missing or 
misdetection. 



Scientific Journal of Intelligent Systems Research                                                                                        Volume 4 Issue 7, 2022 

ISSN: 2664-9640                

260 

        
Classification                   Precision                          Recall 

Figure 4: Training curve of YOLOv5 model 

 
Figure 5: Prediction results of YOLOv5 model 

3.2. Robot position and attitude planning  

In order to realize the combination of virtual and real teaching, virtual robot model and robot 
kinematics model need to be established first. Then the RGB-D sensor is calibrated to obtain the 
transformation matrix between the image coordinate system and the RGB-D sensor coordinate 
system[14]. Finally, hand-eye calibration was carried out for the robot and RGB-D sensor[15], 
and the transformation matrix 𝑇𝑊

𝐶  from the RGB-D sensor coordinate system 𝑂-𝑋𝐶𝑌𝐶𝑍𝐶  to the 
robot base coordinate system 𝑂-𝑋𝑊𝑌𝑊𝑍𝑊 was obtained. Import the virtual robot 3D model into 
RGB images of real working scenes, as shown in Figure 6 complete augmented reality 
registration, and achieve position consistency.  

 
Figure 6: Augmented reality registration 

In this paper, Kinect 2.0 sensor is used to obtain RGB images of the working scene, and the 
attitude teaching device is identified by calling the training model file, and the position of the 
terminal point of the attitude teaching device is determined. As shown in Figure 7, coordinate 
𝑃(𝑥𝑤 , 𝑦𝑤 , 𝑧𝑤) of the endpoint of the teaching portable attitude demonstrator in the physical 
robot base coordinate system O-XWYWZW is calculated according to the transformation matrix 
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between RGB image coordinate system O-UcVc and camera coordinate system O-XCYCZC and the 
transformation matrix between camera coordinate system O-XCYCZCand physical robot base 
coordinate system O-XWYWZW[16-18]. 
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Figure 7: Camera imaging model and coordinate system conversion 

The specific steps are as follows: 

(1) Given that the pixel coordinates 𝑝(𝑢𝑐, 𝑣𝑐) of the endpoint 𝑃 of the attitude teaching device 
on the image in the RGB image are the internal parameter matrix 𝑀𝑡 of the camera and the focal 
length f of the depth camera, the coordinates (𝑥𝑐, 𝑦𝑐, 𝑧𝑐) of any point in the RGB image in the 
camera coordinate system O-XCYCZC can be obtained according to Equation (1) : 

𝑧𝑐 [
𝑢𝑐

𝑣𝑐

1
] = [

𝑓 0 0 0
0 𝑓 0 0
0 0 1 0

] [

𝑥𝑐

𝑦𝑐

𝑧𝑐

1

] (1) 

(2) The relation between RGB image coordinate system O-UcVc and pixel coordinate system 
𝑂 − 𝑈𝑉 is shown in Figure 8. The coordinates of the origin of the image coordinate system in 
the pixel coordinate system 𝑂 − 𝑈𝑉 are (u0, v0), and the lengths of each pixel in the RGB image 
coordinate system on the x and y axes are respectively 𝑑𝑥 and 𝑑𝑦. Therefore, the conversion 
matrix between RGB image coordinate system O-UcVc and pixel coordinate system 𝑂 − 𝑈𝑉 is 
shown in Equation (2) : 
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Figure 8: Conversion relationship between image and pixel coordinate systems 

(3) The depth value of the current position can be obtained by calling the MapColor 
FrameToDepthSpace() function in Kinect SDK, which is the value of 𝑧𝑐 . The camera's internal 
parameter matrix 𝑀𝑡 has been obtained by camera calibration. Therefore, the transformation 
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matrix between pixel coordinates and camera coordinates can be obtained by combining 
Equations (1) and (2), as shown in Equation (3): 

𝑧𝑐 [
𝑢
𝑣
1
] =

[
 
 
 
 
𝑓

𝑑𝑥
0 u0

0
𝑓

𝑑𝑦
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0 0 1 ]
 
 
 
 

[

𝑥𝑐

𝑦𝑐

𝑧𝑐

] = 𝑀𝑡 [

𝑥𝑐

𝑦𝑐

𝑧𝑐

] (3) 

(4) According to the transformation matrix 𝑇𝑊
𝐶  from the camera coordinate system O-XCYCZC to 

the robot coordinate system O-XWYWZW  obtained by hand-eye calibration, combining with 
Equation (13), coordinate 𝑃(𝑥𝑤 , 𝑦𝑤 , 𝑧𝑤) of the endpoint P of the portable attitude demonstrator 
in the physical robot base coordinate system can be calculated, as shown in Equation (14) : 

[

𝑥𝑤

𝑦𝑤

𝑧𝑤

1

] = 𝑇𝑊
𝐶 ∗ [

𝑥𝑐

𝑦𝑐

𝑧𝑐

] (4) 

After calculating the coordinates  𝑃(𝑥𝑤 , 𝑦𝑤 , 𝑧𝑤)  of the path points in the basic coordinate 
system O-XWYWZW of the physical robot, the rotation angles of each joint of the virtual robot 
were obtained by solving the inverse kinematics model of the robot, and the end-effector of the 
virtual robot was driven to move to the corresponding path points with the default attitude. 

Actuators to follow at the end of the virtual robot model attitude movement teaching device at 
the same time, the attitude teaching device by inertial sensor module for attitude teaching 
device coordinate system in the northeast day of attitude, via bluetooth module will pose the 
attitude data transmission to the computer teaching device, control the robot end executor, 
Teaching personnel adjust the attitude of the virtual robot terminal by adjusting the attitude of 
the attitude teaching device, and observe and adjust the attitude in real time through the AR 
visual interface to achieve the expected attitude, as shown in Figure 9. 

 
Figure 9: AR visual interface of attitude planning 

4. System design and experiment 

In order to verify the feasibility of the robot teleteaching method based on augmented reality 
and target detection, this study designed the experimental system as shown in Figure 10. The 
experimental system is composed of local end and remote end. The local end includes robot, 
robot control cabinet, robot workbench and Kinect2.0 camera, etc. The remote end includes 
Kinect2.0 sensor, computer and attitude indicator, etc. In computer No. 1 (CPU: I5-9300, RAM: 
16GB, graphics card: GTX1650, System: Windows 10), the teaching staff set up the AR teaching 
environment based on VS2013 development environment, and planned the pose of the robot 
with the attitude teaching device. Run ROS system in computer No. 2 (CPU: I7-9700, RAM: 16GB, 
GRAPHICS card: RTX2060, system: Ubuntu16.04, ROS: Kinetic) to control physical robot 
movement. 
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Figure 10: Construction of robot teleteaching system 

The experimental process is as follows: 

(1) The experimenter used Kinect2.0 sensor to obtain RGB images of the working scene, and 
superimposed the virtual robot model into the RGB images of the working scene through 
augmented reality registration. Figure 11 shows part of video frames captured in the process 
of robot teleteaching. As shown in Figure 11 (a), Kinect2.0 sensor can identify the spatial 
position of the attitude teaching device held by the instructor in real time, and the computer 
can read the attitude of the inertial sensor in the attitude teaching device in real time. Observe 
and adjust pose changes of the virtual robot model through the visual interface of pose planning 
as shown in Figure 11 (b). Meanwhile, the planned pose data is sent to the robot control cabinet 
to control the physical robot to perform teaching tasks, as shown in Figure 11 (c). 

     
(a) Position and attitude planning 

    
(b) Virtual Robot Movement  

        
(c) Physical Robot Movement  

Figure 11: Verification of position planning and attitude planning 
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(2) The experimenter saved the planned path data and processed it with MATLAB software. 
First, the least square method is used to fit all path points into three side lengths of an ideal 
rectangle, as shown in Figure 12 (a). Then calculate the error of the distance from the path point 
to each side of the rectangle, as shown in Figure 12 (b). The average error is 0.853mm, the 
maximum error is 3.358mm, and the pose planning error of the virtual robot model is 
superimposed with the hand-eye calibration error, but it can still meet the requirements of 
spraying and grinding. 

 
(a) Side fitting                                               (b) Range error 

Figure 12: Accuracy verification of position planning and attitude planning 

5. Conclusions  

In order to improve the efficiency of teleoperation robot teaching programming and man-
machine interaction, this study designed a teleoperation robot teaching system based on 
augmented reality and target detection. Through augmented reality registration, the virtual 
robot model is superimposed on the RGB image of the real working scene; The target detection 
method based on YOLOv5, real time identification and tracking of the attitude teaching device 
the location of the position control of the robot end actuators, by reading teaching of portable 
stance data control actuator at the end of the robot posture, realize the control of teleoperation 
robot to complete the corresponding teaching activities, improve the efficiency of the 
teleoperation robot teaching, It provides a new idea for teleoperation robot teaching. 
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