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ABSTRACT: 

Nowadays Positioning systems have special point of view according to their applications in industries and academic 

research. Also a lot of algorithm and experimental systems had been proposed that each has advantages and 

disadvantages such as vision based systems. Less number of used cameras, dynamical high speed measurement and 

3D and real time measurement are some instances that are considered in proposed measurement setup. Proposed 

system used CMUCAM3 powerful image processor and powerful ARM microprocessor. Experimental measurements 

show that system can be used as measurement unit in navigation systems that must determine 3D position of robotic 

systems. 
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1.  INTRODUCTION 

High performance of a robotic system depends on the 

accuracy of data entry and the power of measurement 

system and robust and accurate measuring leads to 

correct operation of whole system. Distance has a 

significant role as an important data input in several 

systems. For example, in a military system having the 

exact and real-time distance from a target is very 

important [1]. A detailed and exact knowledge of the 

position of a vehicle is a major problem in mobile robot 

applications that is a motivation for researchers and 

engineers to search a solution using variety of systems, 

sensors, and navigating techniques [2]. To reach this 

goal, various methods have been proposed, for 

example, odometry [3] or localization of mobile robots 

using panoramic vision [5] can be mentioned. As it 

known, there are many ways to access the distance and 

in this paper a review is done to show the advantages 

and disadvantages and limitations of some methods and 

a comparison is done between each other. One of the 

most common methods is using infrared (IR) where 

their application has been limited because of its short 

range and environmental effects on its efficiency. 

Another method that has wide application is ultrasonic 

sensors. Low angular resolution is a problem that 

causes to use ultrasonic only for low accuracy 

applications. 

In recent years application of laser has been growth 

according to the achieved progress in the field of laser 

physics. However accuracy of this method is very high, 

but the high cost and high power consumption limit its 

usage to those applications that require very high 

accuracy. At military systems radar waves and 

millimeter wave rangefinder also are used which are 

very high accuracy, but environmental effects have an 

adverse efficacy on its results. For reduce this miss 

effects and improve signal-to-noise effects, certain 

systems are needed that adds to the cost of whole 

system. However it should be noted that all the systems 

presented above are active and power consumption. 

Using stereo vision or in other word double vision can 

results position information with a reasonable accuracy, 

but large amounts of computational efforts restrict its 

applications. But hardware and software optimization 

techniques can be partially overcome this problem. 

However, the most appropriate systems for each 

application should be chosen with regard to all 

conditions of application [1]. 

This article proposes high-speed model of a tracker and 

finds distance of object from cameras based on stereo 

vision. As mentioned the designed set up uses image 

processing module CMUCAM3. Results show the 

superiority and high precision of image processing 

module CMUCAM3 to determine 3D position. Next 

sections investigate firstly the mechanical structure of 

proposed system, and then the robot image processing 

and finally dynamic and static performance test. 

 

2. THE STRUCTURE OF ROBOT 
Two Dynamixel that is advanced servo motors are used 

to make 2 degree of freedom system to move stereo 

vision cameras, one of them for horizontal and another 
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for vertical movement of the camera. Due to complete 

rotation of these servo motors, they can be used in 

position controlled mode as a servo motor and also in 

speed control mode with an encoder feedback. 

Choosing these servomotors (Dynamixel) is the best 

choice among other types of motors according to the 

impact servo system, variety of application, ability to 

control through the Network using TTL or RS485, the 

ability to receive different feedback and simple 

communication. It is needed to use Usb2dynamixel to 

start and drive motors; this converter can help directly 

(Dynamixel) to connect to the USB port. This adapter 

converts USB to three types of outputs: TTL 

Dynamixel, RS485 Dynamixel and RS232 Dynamixel. 

The general and mechanical structure of tracker Robot 

is shown in Figures 1 and 2 in different two views. 

 

 
Fig. 1. General structure the robot 

 

 
Fig. 2. Mechanical structure of robot 

 

3.  IMAGE PROCESSING 

One of selected cameras is a simple webcam which 

simply can be connected to PC and the other is 

CMUCAM3. Image processing operations are done 

using "WindowsFormsApplication1". Connection of 

cameras is shown in Figure 3. 

 

 
Fig. 3. How to connect cameras 

 

4.  PERFORMANCE EVALUATION  

For evaluate the proper operation of the robot, 

different static and dynamic tests were performed and 

results are as follows. 

 

4.1. Static test results 
For static test, horizontal coordinate of a colored object 

in a fixed location was calculated and recorded by the 

robot. Then object was moved horizontally by 300mm 

displacement in the left direction (which In this case is 

characterized as negative sign) and horizontal position 

was obtained again. Initial and final position values of 

object are reported in Table 1 as X1 and X2, 

respectively. This test also indicates the error of Robot 

due to various noises. Limitations and noise sources 

can be identified as: 

1 - Light adjustment that creates shadow in the    

image. 

2 - Limits on freedom of cameras and motors due to the 

size of embedded brackets. 

3 – Deficiency in determination of altitude of object. 

 

Table 1. results of static test 

calculated values for X1 418mm 

calculated values for X2 127mm 

Estimated error after 

300mm shift to the 

9mm 

 

4.2. Results of dynamic tests 
To estimate the accuracy of the dynamic performance 

of the robot, four tests were performed and following 

results are obtained. As first test, a horizontal linear 

displacement of object with constant altitude equal to 
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720 mm is considered and results can be seen in Figure 

4. In second test, a vertical linear displacement of 

object with initial altitude equal to 740 mm is 

investigated and results can be seen in Figure 5. 

 

 
Fig. 4. First dynamic test 

 

 
Fig. 5. Second dynamic test 

 

The third test is a horizontal linear displacement of 

object with constant altitude equal to 1130 mm is 

considered and result is displayed in Figure 6. 

 

 
Fig. 6. Third dynamic test 

 

Finally in fourth test in order to evaluate the 

performance of tracker robot to measure depth of 

moving object, a horizontal displacement has been 

performed in Z direction and results are presented in 

Table 2. 

 

Table 2. forth dynamic test 

Stage 1 2 3 4 

X 74mm 73mm 72mm 68mm 

Z -129mm -127mm -124mm -118mm 

 

These results indicate that the tracking robot can be 

used to determine position of a dynamic moving object 

such as end effector of manipulators. Also the number 

of data per second or sampling period is appropriate for 

dynamic measurement and can be used in any control 

system. 

 

5.  ACKNOWLEDGMENT 

As it mentioned an important point of designed set up 

is to use Dynamixel because of its impact servo system, 

variety of application, ability to control through the 

Network using TTL or RS485, the ability to receive 

different feedback and simple communication. Also 

very acceptable dynamic tracking and accuracy has 

been done using CMUCAM3. The accuracy of 

measurement is acceptable and it can be improved in 

future works. 

Also measurement of angular displacement must be 

considered and sampling period must be improved. 
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