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(g) Conveyor Tracking 

For synchronizing the robotic arm and the 

object, the moving velocity and position of the object 

and the speed of the robotic arm should be considered 

as shown in Figure 17, where the black line indicates 

the conveyor, the blue line indicates the robotic arm, 
syncht  is the time for robotic arm to touch the 

object, and 
synch

gt is the speed for robotic arm to 

touch the object. 

 

Figure 17: Relationship Diagram of Moving 

Velocity and Position 

4. Experiment Results 

First, the research constructs the placement area 

for the robotic arm and four PET bottles filled with 

water as shown in Figure 18. 

 

(a) 

 

(b) 

Placement area and Object for Identification. 

Figure 18: Placement Area of Objects 

 

In the moving path of the robotic arm systems, 

the research sets four points: the origin point, 

operating point, temporary point, and the placement 

point. The robotic arm will operate each process 

through the four points in sequence. The origin point 

is the position where the robotic arm is waiting; the 

operating point is the origin coordinate of object 

captured by the CCD camera; the temporary point is 

set for protection, and there are four locations for the 

placement point where the robotic arm will put 

objects in a straight movement.  

When the procedure starts, the robotic arm 

returns to the origin and waits for triggers issued by 

the magnetic sensors. After detecting a magnetic strip, 

the first magnetic sensor triggers the CCD camera to 

fetch an image. The image is processed in a series of 

image processes, and fed back to the computer. At 

that time, the robotic arm stays in waiting state. 

When second magnetic sensor detects the magnetic 

strip, it triggers the operations of robotic arm. 

According to the coordinate value calculated by the 

image process, the robotic arm will move to the 

position and operates object grasping. Then it will put 

the PET bottles at the four designated placement 

areas. After completing the process, the robotic arm 

returns to the origin and waits until the procedure 

ending. The procedure is illustrated in Figure 19. 

Moreover, the temporary point is set to avoid the end 

of robotic arm to crash the seat in the straight 

movement. 

 

(a) 

 

(b) 

Procedure Start: Fetching images when the 1st 

magnetic sensor detects a magnetic strip. 

 

(c) 

 

(d) 

After detecting the magnetic strip, the robotic arm 

moves to operating point from the origin. 

 

(e) 

 

(f) 

The robotic arm moves to the temporary point, and 

then moves to the designated position to put the PET 

bottle. 
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(g) 

 

(h) 

The robotic arm returns to the origin. and waits for 

trigger to put PET bottles in sequence. 

Figure 19: Full Test Procedure 

 

Finally, the research tests the grasping stability 

of a robotic arm. 10 times of the procedure are 

practiced for each moving velocity. Each procedure is 

successful if the robotic arm puts the four PET bottles 

in the four designated positions. The experiment 

results are listed as Table 2.  

 

Table 2: Robotic Arm Grasping Test 

 M/minute 

Success 

Times 

2.9M 4.1M 5.2M 5.8M 

10 10 10 8 

 

The research performs the robotic arm under a 

various moving velocity. According to Table 2, the 

robotic arm can put the PET bottles at the designated 

position stably and precisely if its moving velocity is 

set between 2.9M and 5.2M. If the moving velocity is 

set up to 5.8M, there are some unstable results. In the 

twice of these fail results, the robotic arm cannot 

grasp the PET bottle exactly. They are caused by the 

response time of magnetic sensors. Since the 

response time of magnetic sensors is too short to 

delay the start time of robotic arm, the robotic arm 

cannot be synchronized with the conveyor. If an 

industrial sensor, such as a photoelectric sensor or a 

proximity sensor, can replace the original magnetic 

sensor, the robotic arm should provide more stable 

performance. 

According to the placements of PET bottles and 

the change of rotation angles based on flat Cartesian 

coordinate, the end-effector jaw can process the 

coactive rotation function. The function can enhance 

the capability of a robotic arm to fetch not only circle 

objects but also other types of ones, as shown in 

Figure 20. 

  

Object Rotation 35∘CW Object Rotation 90∘CW 

  

Object Rotation 125∘CW Object Rotation 179∘CW 

  

Object Rotation 35∘CCW Object Rotation 90∘CCW 

  

Object Rotation 125∘CCW Object Rotation 179∘CCW 

Figure 20: Rotation Angle Test 

5. Conclusions 

The research integrates the CCD camera, 

SCARA robotic arm, and the GS-2744B magnetic 

sensors to construct a conveyor tracking system. In 

the system, the object grasping operation of the 

robotic arm can be stable. Since the robotic arm can 

complete the object grasping in various moving 

velocities, it is appropriately applied in product lines 

to reduce the cost of human resource. In addition, the 

robotic arm is controlled by programming software. 

First, the images fetched by the CCD camera should 

be processed in a series of image processes to 

enhance the readability and stability. Moreover, the 

coordinate value of the object origin can be 

calculated, and fed back to the robotic arm for object 

grasping precisely. Therefore, the image processing is 

an essential part in the system. Moreover, the system 

is easy to output in various operation environment for 

conveyor tracking. 

Restricted by the mechanism of the 

end-effector jaw, directly introducing the object 

rotation to the system is inappropriate. In this article, 

the object rotation is used for test majorly. The 

movement routes of a robotic arm are controlled in 

straight lines. It is the most efficient that the end jaw 

is controlled to face the PET bottles. If the 

end-effector jaw rotates 90 degree to fetch the object 
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during the movement, it is easy to press the surface of 

PET bottle cap in the moving process. Therefore, the 

success rate of operation will be reduced 

significantly. 
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