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Abstract – This paper presents a modular  approach to the 
development of a hybr id exper imental platform for  Sony 
quadruped robots. Such a platform consists of a Sony 
legged robot, an overhead vision system and a desktop 
PC, and is designed for  the investigation of var ious gait 
generation [6] and vision algor ithms. Based on this 
platform, both the colour  segmentation algor ithm and 
the object-tracking algor ithm are investigated. The 
exper imental results are presented to show its operation 
and per formance. 
 
I. INTRODUCTION 
 
In the development of many robotic systems, 
simulation plays an important role for control design, 
especially before a prototype system is available. A 
good simulation tool can speed up the development of 
different algorithms since experiments on real robots 
always take a long time to prepare, including complex 
programming and huge data collection. There are 
mainly two types of simulation tools for robotics 
research. One is the pure simulation platform, in which 
only models of real robotic systems are presented. Its 
running environment is based on an assumption that 
the developed algorithms can be implemented in 
future. Another kind of simulation platforms is hybrid, 
which partially relies on the real robotic system. The 
parameters of this kind of systems are fully collected 
from real robots and the environment is also based on 
real experiments. If the algorithm works well under 
such a hybrid platform, it can also work well on real 
robots. The benefit of developing a suitable 
experimental platform includes the ability to sample 
and store sensory data. Indeed, a flexible experimental 
platform plays an important role in many aspects of 
robotics research.  
     In this paper, we describe our research work based 
on Sony legged robots, namely AIBO. In each AIBO, 
there are 20 motors for its motion control and over 30 
sensors for feedback control and navigation. However, 
there are several difficulties in the development of 
control software and sensing algorithms based on 
AIBO walking robots. More specifically, 

q  Programming Sony AIBO robots is complex since 
different algorithms and individual programs need 
to be developed and debugged on real robots. Such 
development cycle takes a long time and may have 
a risk to damage the robot. With a hybrid 
experimental platform, most of the work is done on 
a PC safely and efficiently.  

q  The processor on the Sony AIBO robot is not 
powerful enough. Complex algorithms cannot be 
implemented on real robots in real time. With a 
simulated platform, complex algorithms can be 
developed on a PC during the development phase, 
and then optimised in size for the real robots. 

q  The current interface between the Sony robot and 
human operators is not friendly. Each time when 
the experiment completed, all the results need to be 
downloaded from the memory stick manually, 
which is very time consuming. With a simulation 
platform, the progress of experiments is displayed 
on the screen directly and any problem with the 
experiment can be seen immediately.  

    Over the past few years, there are a great number of 
studies on the gait control and sensor systems of 
quadruped walking robots [8][18]. A simulated 
experimental platform can provide a convenient way 
to develop different control and vision algorithms, 
which is addressed in this paper. In section 2, a 
modular experimental platform is proposed, which 
consists of three parts: a real robot, an overhead 
camera and a PC. The vision part of the experimental 
platform, the visual tracking algorithm, is discussed in 
section 3. Section 4 describes the colour segmentation 
algorithm. The experimental results are presented in 
section 5 to show the operation of the proposed 
framework. Finally, section 6 presents a brief 
conclusion and future work. 
 

II. A HYBRID EXPERIMENTAL PLATFORM 
 
The Sony quadruped robot, AIBO, is a dog-like robot 
mainly for entertainment. It can also be used for 
research on multi-agent systems and the robot soccer 
competition. Each Sony legged robot has a quadruped 
design, approximately 30cm long and 30cm tall 
including the head. The neck and four legs of each 
robot have 3 degrees of freedom (DOFs). The neck can 
pan almost 90 degree to each side, allowing the robot 
to scan around the pitch for beacons, ball and other 
objects. And it has an onboard colour CCD camera and 
a hardware colour detection engine [8].  
     The proposed platform is based on three sub-
systems: a Sony robot, a PC, and an overhead camera 
with one frame grab card. Figure 1 shows the system 
configuration. The proposed experimental platform 
running on the PC includes three main functions: 
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q  Interactive sensor 
reading -- This 
can be used to 
acquire the raw 
data for vision 
algorithms. 

q  Real robot 
simulation -- If 
the data is 
enough, a good 
simulation can do 
more in this area. 

q  Interactive 
learning -- The 
experimental 
platform can 
improve the 
algorithms by 
learning 
processes, e.g. 
supervised 
learning. 
        

      During the course 
of real experiments, 
the PC sends instructions to the robot, 
including sensing, walking, turning, 
head scanning and side walking. After 
each cycle of operation, the robot will 
send back sensor data to the PC for 
display and analyses. All the vision 
algorithms can be programmed and 
run on the PC, which produces a 
series of instructions for the robot to 
implement. The over-head camera is 
used to collect the motion information 
of all objects on the pitch, especially 
the robots. All the information is used 
to train the robot to improve its 
perception capability and walking 
efficiency. By using different tracking 
algorithms, we can evaluate the 
performance of each robot easily. 
However, the frame rate of image 
processing is very slow and limited by 
the connection bandwidth.  
    More specifically, the program on 
the robot is designed to read 
instructions and implement basic 
behaviours. Its diagram is shown at the lower part of 
figure 2. The program on the PC is designed to fulfil 
many control algorithms. Based on such a modular 
design, a new task can be added easily. The basic 
diagram is shown at the upper part of figure 2. 
     The algorithms developed on this experimental 
platform can be used in different configurations of the 
proposed platform. In other words, if the algorithm can 
work well under the experimental platform, they can 
be implemented on the real robot without the need of 

Fig. 1 System configuration of the proposed platform 

Fig. 2. Configuration of the software environment [6] 

modification. The object tracking algorithms can work 
under three configurations: pure simulation, a hybrid 
platform, and a real robot. The interfaces are different 
from each other, but the main structures are nearly the 
same. More specifically, 

q  Pure simulation -- The algorithm has a module to 
calculate each result after getting the feedback. 
Commonly, there is only one target to be tracked. 

Overhead camera

   Software
Environment
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The interface is used only for data transferring, 
including passing current measured states and 
getting back the predicted states. The object 
tracking module works like a black box and there is 
nearly no delay from the algorithm.   

q  Hybrid platform -- The algorithm run on the hybrid 
experimental platform is much more complex since 
we expect it to track multiple targets and obtain the 
related data from the real experiments. Therefore, 
we develop the algorithm in a multi-target fashion. 
The interface of each module in the algorithm is 
different from the previous one. All the data need 
to be collected from the robots. Each image needs 
over 50 ms to collect and process. To evaluate the 
tracking algorithms, there are two methods. One is 
the comparison of the prediction results and the 
measured ones. Another one is the comparison of 
the prediction results and the feedback of the 
overhead camera.  

q  Real robot -- The algorithm run on a real robot 
may be the same with the one run on the 
experimental platform. The main difference is the 
interface. The entry can be put into the part of 
image capture. In this case, the time stamp for 
each sensor is very important to achieve 
synchronisation. 

 

Fig. 3. The interface for the robot control mode 

 

 

Fig. 4. The interface for the image-capturing mode 

     Figure 3 shows an interface for the control of the 
robot, which is a low-level hardware with only joint 
control and encoder reading. There are three levels of 
behaviours that need to be developed for Sony-legged 
robots to play football. The high-level behaviours are 
team strategy and co-operation. This means that robots 
can co-operate with each other and know what is the 
current task. The behaviours represent complex 
movements and information to be processed is huge. 
The instructions for training are commands like “ find 
the goal” . The middle-level behaviours are a series of 
behaviours achieving a specific goal. The low-level 
behaviours are basic actions and processes. 
     Figure 4 shows an interface for the image capture 
mode. The images are captured continuously, but only 
the image in the last cycle is shown here. Figure 5 
shows an interface for generating a GCD (Generalised 
Colour Detection) table manually. With the process of 
the current image, additional images are added into the 
current  

 
Fig. 5 The interface for generating a GCD table 

manually 
 
 

III. VISUAL TRACKING ALGORITHM 
 
The vision system of Sony robots is an active vision 
system, and its performance is limited by the CPU 
power, RAM capability, image resolution, and also 
camera states. The main difficulties are as follows: 

q  In Sony legged robot competitions, the whole 
environment is dynamic.  

q  The robot camera is not stable when the robot is 
walking.  

q  The robot control system needs the fast vision 
system to provide the information in real time. 

q  The processor ability is not powerful enough 
for handling complex vision algorithms. 

q  The movements of both the robot and the ball 
are highly non-linear. 
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Many effective methods have been developed in 
computer vision for modelling shape and motion. 
When suitable geometric models of a moving object 
are available, they can be matched effectively to 
incoming image data, though usually at the 
considerable computational cost. Once an object has 
been located approximately, tracking it in subsequent 
image sequences becomes more efficient 
computationally, especially if the robot motion is 
modelled. If not, all objects need to be found again at a 
high computational cost. Like other tracking systems, 
the visual tracking algorithm used in our platform 
needs to be analysed based on its tracking models. All 
the models considered here are in discrete form 
[2][7][9]. 

 
Stochastic dynamics 

 

Assume that a probabilistic framework of the object 
dynamics forms a temporal Markov chain so that 
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one-dimensional random walk (discrete diffusion) 
whose step length is a standard normal variable, 
superimposed on a rightward drift at an unit speed. In 
a real task, the state x is multi-dimensional and the 
density is very complex. Some simplifications are 
required for real-time systems, especially for active 
vision systems. 

  
Linear tracking model 
 

When the system is sampled at a discrete set of time 

( ),...,, 210 ttt , the dynamic or plant equation can be 

written as 
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where F is the transition matrix of the system, G is the 
gain through which the input (assumed to be constant 
over a sampling period) enters the system, and v is the 
discrete-time process noise. For a time-invariant 
system, 

 

( ) ( ) ( ) ( )

( ) ( ) ( )

( ) ( ) ( ) ( )kvdvetv

kGBdettG

kFettFttF

k

k

k

k

k

k

kk

t

t

tA
k

t

t

tA
kk

ttA
kkkk

º=

º=

º=-=

�

�

+

+

+

+

+

-

-
+

-
++

1

1

1

1

1

~

1

11

,

,

tt

t

t

t  

     If a Kalman filter is implemented, the noise ( )tv
~

 is 
supposed to be Gaussian distribution with zero-mean. 

Non-linear tracking model 
 
If the system is non-linear, a more general form of 
tracking models is 
 

( ) ( ) ( ) ( )[ ]kvkukxkfkx ,,,1 =+  
 

where x is the state vector, u is the input, and v is the 
process noise. 
 
Models in the active vision tracking system 
 
In the active vision system of Sony legged robots, we 
proposed three levels for object tracking. The 
dimension of the states at different levels varies from 
each other.  

Global map level: At this level, the robot should know 
its own position and track it. The state can be 
described as ( )q,, yxs ; recent beacon angles are 
associated with this state.  

Local map level: At this level, all states can be 
described as polar co-ordination pairs, especially for 
the ball, its state is ),( dx q . However, the state of a 

beacon is only of one dimension, ( )qy . A local map 
has the following structure. 
 

struct localobject 
{ 
  int PixelThreshold, Range2Obstacle; 
 int PixelSize,  Certaint, Image_cx,  Image_cy; 
 int Image_x1; int Image_x2, Image_y1;  
   int Image_y2; 

      double Rou, The; 
  }  // Note that Rou and The are the basic state 
parameters to be considered [8].         

Fig. 6. A plane of a GCD table 
 
IV. COLOUR SEGMENTATION 

 
The mathematical problem of image segmentation can 
be defined as follows: 
 

Let ( ){ }NnMandmnm ££££=W 11:, denote a 

NM ´  lattice of points ( )nm, . An observed 
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image f is a function defined on this domain W, and 

for any given point ( )nm, the observation ( )nmf ,  at 
that point takes a value from a set L . A segmented 
imageg is also a function on the same domain W, but 

for any given point ( )nm,  at that point takes a value 
form a different set G.  
 
     The thresholds for the colour segmentation depends 
on the colour space the operation implemented. 
Commonly, HSV colour space is very suitable for the 
colour segmentation, but the camera output may not be 
in this colour space at all. With a powerful CPU or a 
special hardware for the conversion, thresholds 
working in this colour space can do very well for the 
colour segmentation and colour recognition. There are 
many papers discussing the colour segmentation in the 
HSV colour space, with adaptive algorithms or 
without. The camera of Sony-legged robot outputs the 
images in YUV format and has a hardware colour 
detection table (CDT) whose condition can be 
described in this way: 
     In fact, it is rectangle threshold in a 2D UV space. 
It is unavoidable that some unwanted pixels can fit 
such condition and some wanted pixels may not. The 
GCD method was presented by the Australia team to 
solve such problem. The primitive method is to decide 
if a pixel belongs to a colour or not by a huge table 
GCD. The GCD condition can be described in this 
way:  

iVViV

iUUiU

Y

TPT

TPT

Pi

maxmin

maxmin

8/

<<

<<

=

( )( )colourMarkPPPGCDif VUY ==,, , 

where( )VUY PPP ,,  is in the colour indicated by colour 

Mark. 
     It is very similar with the LUT methods presented 
by Schroter [12][14], which is mostly 
based on a statistical approach. Figure 6 
shows a plane of the GCD table. The 
thresholds of the GCD method can be 
any shapes in the UV space. The main 
difficulty of the GCD method is how to 
construct the thresholds under different 
lighting conditions. Learning algorithms 
can be adopted to produce a suitable 
GCD or other kind of thresholds 
automatically [12][16][17]. 
     

V. EXPERIMENTAL RESULTS 
 

Based on the proposed experimental 
platform, we can grab images from the 
on-board camera of the connected Sony 
AIBO. Figure 7 shows the raw image and 
the segmented image by using the CDT 
table at AGC=112. In contrast, figure 8 presents the 

raw image and the segmented image by using the GDT 
table at AGC=112. Note that AGC represents "Auto 
Gain Control" here. As can be seen, the GCD method 
works better than the CDT method, but the GCD 
method is also difficult to be constructed. 

     Figure 9 shows an image captured by the overhead 
camera. The ball is marked with a square. There is a 
little deformation of the pitch. In the algorithm the 
global position needs to be calibrated. The size of the 
ball is about 10cm in diameter, which is about 20 
pixels in the image. There are about 300 pixels for 
each robot after segmentation. 

Fig. 7. Raw and segmented images (CDT) 

Fig. 8. Raw and segmented images (GDT)      

Fig. 9.  An image obtained from the overhead camera 
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VI. CONCLUSIONS AND FUTURE WORK 

A hybrid experimental platform for Sony quadruped 
robots is developed in this paper, which is very useful 
in the development of different vision algorithms in 
the RoboCup domain. Currently, the problem in this 
platform is that the serial communication between the 
robot and the PC has a rather limited bandwidth (up to 
19,200 bits/s), which is too slow for image 
transferring. We are currently investigating the 
replacement of a wireless Ethernet connection in order 
to solve the bandwidth problem. Future work will be 
concentrated on three aspects:  

·  how to achieve the efficient operation and 
evaluation of tracking algorithms;  

·  how to improve vision system in terms of speed 
and accuracy;  

·  how to build behaviour-based adaptive vision 
algorithms. 
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