
1. INTRODUCTION 

Machine vision plays a key role in broadening the 
application range of industrial robots. The application of 
vision-guided robotic system to under body sealing(UBS) line 
of automobile manufacturing factory can increase productivity, 
improve job quality and reduce work-related musculoskeletal
disorders which frequently occur to workers doing hard 
repetitive work like UBS. 

For precise robotic sealing, the car body has to be placed 
accurately in pre-specified position and orientation or the 
robot has to have the ability to measure the position and 
orientation of the car body incoming with positioning error on 
the conveyor. The latter is preferred in many cases taking 
account of cost and flexibility of the production line. In that 
case, the trajectory of robot should be adjusted according to 
real position and orientation of the car body placed on the 
conveyor. In conventional robotized UBS line, the conveyor 
should be paused for a few seconds while vision system 
measures the position and orientation of car body. 

Contrast to this scheme, in this paper we propose an 
automobile position measuring vision system(APMVS) for 
industrial robot which measures six- 
degree-of-freedom(6-DOF) position and orientation of car 
body on a continuously moving conveyor as well as go-stop 
conveyor.  

The paper is organized as follows. Section 2 introduces the 
overview of the developed APMVS. Section 3 describes 
operation procedure of the APMVS. Section 4 shows two 
application examples of the APMVS. Finally, Section 5 
concludes the paper. 

2. CONFIGURATION OF THE APMVS 

The APMVS has developed to compensate trajectory of 
robot for UBS or painting works of car body. 

A configuration of the APMVS, which is shown in Fig. 1, is 
composed of vision system, robot system and conveyor 
system. 
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Fig. 1 Configuration of the APMVS 
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Vision system measures 6-DOF position and orientation of 
car body by stereo camera and communicates robot controller. 
Robot system performs precise painting works of car body and 
conveyor system transfers car body. 

Principal component of each system is as follows. 
The vision system consists of three stereo cameras and an 

industrial PC. As the position of image acquisition is different 
for each car, stereo cameras are located on the upper arm of 
robot for adjusting the position of image acquisition. 

The robot system consists of three robots and controllers 
that enable the robots to be synchronized with the conveyor. 

The APMVS is able to be applied to the continuously 
moving conveyor as well as go-stop conveyor. 

3. OPERATION PROCEDURE OF  

THE APMVS  

Fig. 2 describes an operation procedure of the APMVS that 
is composed of preparatory stage and operation stage. 

Fig. 2 Operation procedure of the APMVS 

In preparatory stage, the position of reference holes are 
notified by robot after selecting three reference holes, whose 

image can be captured by stereo camera. 
Second, image processing step measures 6-DOF position 

and orientation of car body by stereo camera. 
Third, 6-DOF position and orientation of reference car body 

are calculated. 
In operation stage, 6-DOF position and orientation of 

incoming car body on the conveyor is estimated and 
transmitted to robots when the car body is entered into the 
work space. And robots perform painting or sealing job 
according to the trajectory which is compensated with 6-DOF 
position and orientation of reference car body. 

  The detailed procedure is described on the followings. 

3.1 Common Coordinate Setup 

Generally, a painting work requires at least two robots. The 
robots perform painting works according to the trajectory that 
is taught with the coordinate of each robot. 

In order to share the position data taught by one robot with 
the others, the common coordinate, which can explain the 
relation between robots, is required. 

A common coordinate should be make up in the APMVS to 
measure 6-DOF position and orientation of car body with 
position of reference holes, which are taught with the base 
coordinate of each robot.  

After attaching tool tip on each robot, the common 
coordinate can be produced through process. The tool center 
point (TCP) of each robot is corresponded with the position of 
three points, which are not on the same line.[3] 

This informs relation between the base coordinate of each 
robot and the common coordinate. Thus, one robot can share 
position of reference holes taught by the other robot. The 
position data can be transferred by the common coordinate. 

Fig. 3 shows the configuration of common coordinate. 

Fig. 3 Common coordinate setup 

3.2 Instruction the Positions of Reference Holes of 

Reference Car Body and Camera Calibration Board 

Three reference holes are selected to be measured on the 
reference car underbody, and their three-dimensional (3-D) 
positions in common coordinate system are found by moving 
the robot tip to center of each hole. Then teach the robots so 
that each camera gets corresponding reference hole image in 
its field-of-view. 

The camera calibration board is attached near the reference 
hole and the robot tip is moved to the pre-defined three points 
on the board to obtain 3-D position data of each hole.  

The procedures are repeated for two remaining holes. 
Teaching of reference hole and camera calibration board is 

shown in Fig. 4. 
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(a) Teaching of reference hole 

(b) Teaching of camera calibration board 

Fig. 4 Teaching of reference hole  
and camera calibration board 

3.3 Pattern Registration 

A pattern image of reference holes in reference car body is 
required in order to search matching pattern in car body on 
conveyor.  

When automobile comes into the workspace, the APMVS 
automatically detects reference holes by using image 
processing. The pattern registration is illustrated in Fig. 5. 

Fig. 5 Pattern registration 

3.4 Camera Calibration 

A camera calibration is to establish the relationship 
between the 3-D coordinates and their corresponding 2-D 
image coordinates. The camera calibration is represented by a  
3×4 P matrix mapping a point in 3-D space to 2-D image 
plane. The camera matrices from the left and right cameras are 
obtained by using the calibration board which is composed of 
square patterns as shown in Fig. 6-(a). Fig. 6-(b) shows result 
of camera calibration. 

(a) Calibration board 

(b) Camera calibration 

Fig. 6 Camera calibration 

3.5 3-D Coordinate Reconstruction from 2-D Stereo Image 

Coordinates 

In this step, the image coordinates based on 3-D coordinate 
values are reconstructed using the triangulation from the 
stereo matching points and the calculated camera matrices. [1], 
[2] 

3.6 Calculation of 6-DOF Position and Orientation of 

Reference Car Body 

A calibration board coordinate is made up with three points, 
which is obtained in section 3.2, on the camera calibration 
board.

3-D positions of reference holes in robot coordinate system 
are obtained by transforming the reconstructed 3-D 
coordinates obtained in section 3.4 into calibration board 
coordinates.

6-DOF position and orientation of reference car body is 
calculated from 3-D positions of three reference holes. 

3.7 Measuring and Robot Sealing of Incoming Car Body 

In operation stage, 6-DOF position and orientation of every 
incoming car body is estimated by measuring the position of 
the reference holes with vision system. The robots perform 
sealing works along the trajectories corrected by the quantity 
of difference of position and orientation between reference car 
body and incoming car body. The detected reference holes for 
an incoming car body are shown in Fig. 7. 
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Fig. 7 Detection of reference holes 

4. APPLICATIONS OF THE APMVS 

4.1 APPLICATION OF UBS FOR CAR BODY ON  

GO-STOP CONVEYOR 

After the APMVS in go-stop conveyor measures 6-DOF 
position and orientation of car body on conveyor at rest, the 
sealing procedure is performed by robot. Since the go-stop 
conveyor has a merit of producing high quality UBS work, it 
is selected as a standard for UBS. Fig. 8 Shows APMVS 
which is applied to the sealing line on go-stop conveyer. Table 
1 and Table 2 represent the distance between reference holes, 
which is taught by robot and estimated by the APMVS 
respectively. The results show the accuracy less than 1 mm.  

Fig. 8 Application of UBS on go-stop conveyor 

Table 1 Distance between reference holes notified  

by robot [mm] 

Robot Parameter Distance 

distance between a and b 2447.6102

distance between b and c 1045.1364RH

distance between c and a 2681.632

distance between a and b 2447.9029

distance between b and c 1045.1227LH

distance between c and a 2681.8204

Table 2 Distance between reference holes estimated  
by the APMVS [mm] 

Robot Parameter Distance 

distance between a and b 2447.8284

distance between b and c 1046.6952RH

distance between c and a 2682.2849

distance between a and b 2448.4111

distance between b and c 1046.7208LH

distance between c and a 2682.2644

Where a, b and c are reference holes of car underbody. 

4.2 APPLICATION OF DEADNER PAINTING FOR  

CAR BODY ON CONTINUOUSLY MOVING 

CONVEYOR 

UBS and deadener painting of car body in painting line of 
automobile factory are mostly performed by worker on 
continuously moving conveyor. However, it is difficult to 
convert moving conveyor system into go-stop conveyor 
system because there are some drawbacks such as cost of 
conveyor exchange, limitation of throughput. Accordingly, we 
try to apply the APMVS to moving conveyor system. 

When the car body is entered into the robot’s work space on 
continuous conveyor, the 6-DOF position and orientation of 
car body are measured. Fig. 9-(a) shows deadener painting by 
developed APMVS and Fig. 9-(b) shows operation program of 
the APMVS. The APMVS acquires the image of reference 
holes in car body on moving conveyor using frame grabber 
which is able to capture images simultaneously. After 
measuring 6-DOF position and orientation of car body, the 
additional position variation of car body due to conveyor 
surging is minimized through a guide bar and real-time 
distance estimation in forward direction. 

(a) System configuration of the APMVS 

(b) Operation S/W of the APMVS 
Fig. 9 Application of deadener painting on moving 

conveyor 
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5. CONCLUSION 

The APMVS can measure 6-DOF position and orientation 
of car body on a continuously moving conveyor as well as 
go-stop conveyor in manufacturing line for under body 
painting of car. It is possible to adjust the trajectory of robots 
correctly for precise robotic underbody sealing and painting 
task.

The need for vision-guided robotic automation system will 
increase rapidly in the near future. We shall make further 
efforts to develop vision guided robotic automation system to 
extend the application range of industrial robot. 
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