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Abstract—The robot's eyes through the background 
difference method were used to find broke into the visual 
range of a moving object and track and monitor the moving 
object. On the basis of geometry and according to the 
distance and deflection angle of the robot eyes positioning, 
the objects were captured and tracked by robots eyes. 
Geometry method precision was low, but simple calculation 
processing was quick. Thus, it can effectively meet the robot 
eyes preliminary positioning of the fast moving target. 

Keywords-moving object; tracking capture; geometric 
positioning. 

I. INTRODUCTION 
The spatial position of an object can be estimated with 

feelings or experience, when it is being observed with 
human eyes. Robot's eyes can have the same function and 
also will much more accurately estimate the spatial 
position of objects than human eyes. Fruitful domestic and 
foreign results have been achieved in the study of robot 
binocular positioning. In this paper, some new 
breakthroughs were expected to make in the study of robot 
binocular positioning on the basis of summarizing the 
predecessors' studies. 

In April 2010, Hongguang SHI et al [1] deeply studied 
the camera calibration and stereo matching in the key 
binocular stereovision technology and established an 
experimental platform for binocular vision system using 
the improved plane calibration method and the stereo 
matching algorithm based on the polar constraint and gray 
correlation, in order to program target positioning and 
implement the positioning on the target object. In May 
2010, Zixiao ZHOU et al [2] configured intrinsic 
parameters into the software system of simulated robot 
platform by experimentally solving both intrinsic and 
extrinsic parameters of camera lens and using software 
simulation algorithm and the correctness of the calibration 
results, and also implement the binocular stereovision 
positioning function in the system. In April 2011, Qian 
SHANG et al [3] proposed a Pan-Tilt corner based 
extrinsic parameter estimation method which could 
accurately complete extrinsic parameter estimation in case 
of camera rotation and enhance the visual function of the 
robot, and also implemented target recognition and 
positioning based on the improved binocular vision system 
using Grandar robot system, and then used the result as a 
basis for controlling the corresponding movements of 
robot, so that the capture of the target objects was finally 
implemented. In May 2011, Yuan-jie CHEN et al [4] 
designed a camera seal structure according to underwater 

liquid environment and introduced high-order distortion 
parameters to the calibration of camera for obtaining the 
intrinsic and extrinsic parameters under the same 
underwater environment, and then proposed a forward 
collimation based simple localization algorithm according 
to the target point solving method for the sight intersection 
in the traditional complex binocular camera. In June 2012, 
Fuling ZHANG et al [5] determined the coordinates of the 
targets' geometric center by establishing a graph coordinate 
transformation model and using the least square method, 
and then provided the targets according to the geometric 
relationship and confirmed the mathematical model and 
calculation method for the coordinate transformation of the 
two fixed cameras' relative positions. In March 2013, 
Huigui QIU et al [6] calculated the 3d coordinates marked 
on the positioned target using the matching results and the 
least square method. In June 2013, Yankai CHAO et al [7] 
calibrated the binocular camera using the plane template 
method and constructed a robot coordinate system, thus 
finishing the positioning on the target object. Binocular 
camera after calibration can acquire the position of target 
object in space coordinate system; the coordinate value of 
target object in the robot world coordinate system is 
defined through coordinate transformation, which is the 
important data for robot to implement target object servo 
tracking and capturing. In September 2013, Min XU et al 
[8] proposed a binocular stereovision based method to 
track and position the moving objects in real time, which 
effectively integrated stereo matching algorithm with 
target tracking algorithm; they calculated the 3d 
coordinates of the target using binocular stereovision 
technology when the target was being tracked in real time, 
so as to realize accurate positioning. 

The traditional robot binocular positioning algorithm 
possessed a high accuracy, but it reduced the ability of 
robot to rapidly capture the moving targets due to the 
complex calculation process. In this paper, the binocular 
positioning on the target object was implemented by 
background difference and geometric calculation on the 
basis of reference [15]. The response velocity of the robot 
vision was effectively improved, because the calculation 
method was simple and fast. 

II. THE BINOCULAR GEOMETRIC POSITIONING PRINCIPLE 
OF ROBOT 

The two eyes of robot are actually two independently 
operated cameras, which discover and track the objects 
into their visual scope using background differencing [15]. 
As shown in Fig.1, points A and B were the positions of the 
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robot’s two eyes (i.e. two cameras); point O was the center 
of line segment |AB|; point C was the position of the object. 
Robot automatically established a 3d coordinate system 
with O as the origin when it locked the object, as shown in 
Fig.1. 

 
Figure 1. The eyes of the robot and the position of the object 

Robot binocular positioning was to the 3d coordinates 
of point C in the coordinate system as shown in Fig.1. 

 
Figure 2. The projection of the object in plane xoy 

In Fig.2, points A and B were where the eyes of the 
robot are placed; point D was the projection point of object 
C on plane xoy; point E was the projection point of point D 
on x-axis. α was the intersection angle of the camera at 
point A on plane xoy; β was the intersection angle of the 
camera at point B on plane xoy. The length of line segment 
|AB| was h2 ; the length of line segment |BE| was m . The 
coordinates (a, b) of point D were finally confirmed by the 
values ofα , β & h . 
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Then, the coordinates (a, b) of object C on plane xoy 

were obtained. 
 

 
Figure 3. The projection of object C on plane xoy 

In Fig.3, point F was the projection point of object C on 
plane xoy;γ was the droop angle of the cameras at A and B 
respectively. The mean value of the droop angles of the 
two cameras was chosen forγ , because these angles were 
different to some extent.  
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The following equation was obtained by referring to 

equation (3). 
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Thus, the position (a, b, C) of object C in the coordinate 
system was determined, as shown in Fig.1. 
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Where, h  was a known a fixed value; the values of 
γβα ,, were acquired by the measuring device inside the 

robot eyes. 

III. THE IMPLEMENTATION STEPS AND FLOW CHART 
Step 1: Two identical cameras were chosen and placed 

on a free rotating bracket and also used as the two eyes of 
the robot. Then, the distance h  between the two cameras 
was measured. 

Step 2: Two cameras were in a parallel, static forward 
state and also turned on. They were allowed to take out two 
images to compare at a time interval t. 

Step 3: The object into the robot binocular vision was 
tracked and captured using the method in reference [15]. 

Step 4: The values of the two cameras' deflection 
angles γβα ,,  were acquired in real time through the 
measuring instrument installed on the free rotating bracket. 

Step 5: The measured values of γβα ,,  and the value of 
h  were substituted into equation (6). Then, the location of 
the moving object was preliminarily positioned. 

Step 6: The positioning value obtained in the above 
measurement was substituted into SVM or neural network. 
Then, the trend of the fast moving object was predicted. 
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Finally, the moving object was quickly, accurately 
positioned using precision positioning device. 

The flow of robot binocular to position a moving object 
using geometry method was as follows: 

 
Figure 4. The binocular geometric positioning flow 

IV. CONCLUSION 
The experimental result showed that the calculation 

process was simple and quick if robot tracked and 
positioned a moving object using geometry method, and 
also the speed and accuracy of robot binocular to position a 
fast moving object were effectively improved in the 
traditional algorithm. In the meantime, the application of 
geometry method to tracking and positioning a moving 
object is an effective backup positioning method once all 
the positioning systems built in robot fail to work. It makes 
robot still capable of maintaining its task execution if other 
positioning systems suddenly fail to work. 
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