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Abstract

This paper presents a real-time visual tracking
system in the robot soccer domain. The details of
the Essex Wizards robot football team and its
control system are described. A real-time visual
tracking algorithm has been developed. Some
initial results of the image pre-processing and
visual tracking algorithms in real environment
setting are given to show the performance of the
system.

1. Introduction

Robot soccer provides a good research platformin
the area of multi-agent systems, which involves
automatic control, wireless communication, image
processing and artificial intelligence. Many
researchers have studied and got some vauable
results from it [1,4,5,6,7,15]. It is as interesting as
the real soccer game. Since raobots run fast in the
pitch, the requirement for response time of the
system including image processing, team strategy
and communication is very high. Any delay of the
system will lead the team to |ose the whole game.

The tournament is one of FIRA games [17] and
aims to develop multi-agent systems to play the
game of soccer and complete various team
strategies against each other [10,14]. The 1st
MIROSOT World Champion was hold in 1996
and then became an annua event. The MIROSOT
tournament has a simplification of the standard
rules of rea soccer. It consists of teams of three
small robots following commands from a
centralised control computer. Each robot has wire-
less link to communicate with the centra
computer to receive commands. They also have
some IR sensors used for object detection. An
overhead camera gets the continuos images of the
pitch, which are converted to digital format and
processed by the software to indicate the positions
of al the robots and the ball [12].

This paper presents a real-time visual tracking
system according to the MIROSOT soccer games
requirement. In the next section a brief
introduction of the robot soccer systems that were

built at Essex is presented, including robot
configuration, the team controller, vison system
hardware and software. In section 3, image pre-
processing is briefly described. The object
detection algorithm for our soccer robots is given
in section 4. The proposed object tracking and
prediction algorithms are detailed in section 5.
Section 6 presents some initial results for the real-
time tracking of the ball and robots. Finaly, brief
conclusions and future work are summarised in
section 7.

2. Therobot soccer system

According to the FIRA rules, the team consists of
three small robots with the size of 7.5cm” 7.5cm
“7.5cm. This size limits the amount of the
components onboard and also redricts the
structure of the gearbox and motor system. The
central computer takes the jobs to perceive the
environment of the pitch, remote control each
robot and co-ordinate the team behaviours. With
the simple control system on-board, each robot
only follows the commands from computer and
reactsto the local hazard.
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Figure 1 Essex Soccer Robot

The FIRA rules define blue and yellow as the
official team colour and orange as the ball colour.
Each team needs to prepare other three colours to
identify each robot. The top of the robots must be
marked with their team colour clearly. The pitch



colour is black and it has some white to indicate
the border and specia spots.

2.1 Robot configuration

The Essex soccer robot, as shown in figure 1, has
three main modules: a motor-mechanics module, a
control module and a sensor module. An 8MHz
Motorola 68HC11E? is used as the CPU of the
control module and it works in the single chip
mode without any extending RAM or ROM. The
robots have two front wheels differentialy driven
by two small DC motors with gearbox. The motor
speed is measured by the optica encoder. Four
infrared sensors are used to detect the obstacle or
other robots to deal with the emerging collisions
that can not be reacted by the central computer.
There is aso a ball detector in the front pand of
each robot. To adjust the compensation of the
battery power, the robots have sensors to read the
battery level.

The software development based on the
interrupter processes. This means that most
control functions are fulfilled in the interrupter
routines. The lowest process is the PWM control
part and the upper ones change the public control
variables, which make the PWM output is
adjusted to control both motor speeds. The
software diagram is shown in figure 2.

2.2 Theteam controller

A Pentium Il PC is used as the central computer
to control the three robots via a single-direction
wireless transmitter. A frame grabber gets the
video images from the video camera and transfers
the image data to the PC RAM that will be
accessed by the program. The system programs
need to predict the changes of the pitch and plan
the path for each robot. Some machine learning
programs for team strategy and team formation are
also needed to win the game. Figure 3 shows a
block diagram of the robot control system.

2.3 Vision system hardware

The vison system hardware includes two parts.
One is VC TK-C1380 video camera that has the
horizontal resolution of 470 TV lines and provides
three kinds of output video format. Another is the
Ellips Rio frame grabber that is designed to
capture dynamic images up to 768" 576 at 25Hz
and 384 288 a 50Hz. The digita images are
stored into the RAM directly instead of SVGA
video memory, which make it easy to access. It
also uses the PCI DMA mode to transfer the data,

which means the transferring rate can be up to
132MB/s and only cost some CPU idletime.

The manufacturer provides some developing
library under Window 95/98 and Window NT
with the hardware as well.
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Figure 2 Robot software flowchart

2.4 Vision system software

Since the hardware manufacture has provided the
basic library in MFC style, the development of the
computer vision system is modular and can be
implemented in stages. The modules consist of
image pre-processing, object detection and object
tracking.

The image pre-processing module mainly deals
with the white noise and makes the images more
clear to recognise. The object detection module
extracts the concerned object from the images and
the object-tracking module provides the position
and search region of each object.

Using predication algorithm has two
advantages for the whole system. One is it can
reduce the search region greatly and save much
processing time. The other one is that it can
provide some predicting information for the path-
planning module.

3. Image pre-processing

Commonly the processed image isin the format of
RGB mode and the colour depth is 24 bits. It
means the maxim colours can be 16.7 million.
Because of considerable low resolution, the white
noise might reach high level. This module mainly
reduces the white noise on the background.
Normally, the background including the pitch and
others is very steady, so it is very useful for the
following stages to get several frames of
background and average them. Because the white



noise is random, the image quality of the
background can be improved dramatically.

Figure 3 The robot control system

The image-processing filter is very helpful in
many applications. In this case, a high-pass filter
is used to get the border of the pitch. With the
high-pass processing, the border can be much
clearer to be recognised.

The light on the pitch can affect the later
process greatly. If there is too much light and
reflection, the colour of the object is difficult to
recognise. The pre-processing module uses an
auto-additive adjusting to balance the light. The
total luminance on the pitch is firstly calculated,
and then converted into a suitable luminance rate
for each pixel. The program can adjust the option
for the frame grabber if the rate is in particular
range.

4. Object detection

The object detection module consists of two main
parts. Oneis the colour filter and another is object
position. Colour filter works to get the image only
with concerned colours and object position is used
to get the position of each object.

4.1 Colour filter

The FIRA rules state that the team colours are
blue and yellow while ball colour is orange. The
rules also state that markers with a unique colour
can be used to mark each robot individualy. To
position the object, these colours must be detected
and extracted. This means that it is necessary to
recognise two colours for robot detection and one
colour for the ball. With the colour filter, the
simple image with Yes/No will be available.
While theimage in RGB format is not sensitive
to colour, RGB to HSI converter is used. Image in
HSI format can be set considerably small

threshold for each colour and H value is only
related with the colour itself. The equation used by
the converter is showed as following.
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While the range of each colour is different
from each other, the threshold needs to be
different aswell.

S=1-

4.2 Object detection

If the concerned parts of image are available, it is
very easy to position the object. When al the
pixels are from one object, the position will be the
average co-ordination. But there are always some
separated pixels in the image. A quick and simple
way to remove the noise is to iterate through the
whole image and remove any small groups of
pixels. A process named open including the
erosion and dilation operations can be used to do
so[4].

The erosion operation is a smple filter used to
delete small groups of the same colour. It works
by passing a filter template over each pixel in the
image. If the filter completely matches a group of
pixelsin the template, then the pixel at the centre
of thefilter is copied to new image array.

The dilation operation uses same filter template
as the erosion operation, but it works in the
opposite way. The centre pixel of the filter will be
copied to the any connected pixels in new image
array.

With erosion and dilation operations the new
image can be much clearer. Then it isimportant to
get al the connected pixels. Because some of
concerned pixels might be ignored or the colour
filter might let in some other pixels, a pattern is
used to do the recognition job. The similarity is
measured and the object is found if similarity is
greater than the pre-set level.



5. Object tracking and prediction

The predictions for movements of the ball and the
robots have two aims. One is to reduce the search
regions of each object. Commonly the speed of the
objects, robots and ball, is less than 1 meter per
second. The maximum distance for each object to
move in this short period is less than 4 cm when
the operation frame rate is 25Hz. The search
region can be only 0.2% of the whole pitch.
Without the reduction of the search region, the
computation load is too heavy to bear. The second
aim is the predictions can provide some useful
information for path planning module and strategy
module. There are three kinds of prediction
methods implemented in the application: position-
based predictions, velocity-based predications,
and accel eration-based predictions [2,3,6,8,12].

5.1 Position based prediction

This is a simple predictive tracking method. It is
the only useful method when the object follows
irregular movement. The next position will be the
same as the previous one and the search region
will be the rectangle region with the size greater
than the maximum distance that the object can
move. This method costs less on the computation,
but the search region is bigger than other two
methods. It can not provide valuable information
for the strategy module. The search region can be
reduced to about 0.2% of the whole pitch.

5.2 Velocity based prediction

The velocity-based predict the next position using
several previous positions. The method is based
on the first-order polynomial fitting on the
assumption that the variance of the object velocity
islow, and it moves in a straight line if the object
does not hit the border. The search region for the
velocity-based prediction is much smaller than
that of position based prediction and it can provide
more useful information than the position-based
predictions. The predictions have two steps. one is
to find a fitting straight line and another one is to
calculate the future position.

While the measured positions contain some
errors from the real ones, the measured positions
are not in one straight line though the object run in
astraight line. Then the fitting straight line can not
be calculated by using only two near points. If so,
the errors of the robot orientation can be
considerably big. A good method is to accept the

measuring error for each position and use more
points to fit astraight line.

Assuming now there are n+1 points (XO, yo) to
(x.,y,)and straight line is p(x) =a, +a,x. The
error from each point to the straight line is R,
then we have

d=zn:R =2[P(>q)- yl’

To make dleast, a,and a,should be the
solution of the following equation

S +53 =1,
S8 +S,8 =1
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It is suitable to let n=5 in the application. The
next step to calculate the future position is:
V(t) = dX(t) _ dX(t- 1)
dT(t) dT(t-12)

dX(t) and dT(t) can be approximated to OX(t) and
Dr(t):

)
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The equation for co-ordinate prediction using
velocity is

X(t)=X(t- 1)+V(t)O(t) (5)
By substituting it in equation 3, this becomes:

EX(-1) ey (6)

X(t)=X(t- 1)+ i

Note that the result should be projected onto
the straight line that has been calculated.

5.3 Acceleration based prediction

Most of the object movements in the application
are constrained by obstacles. It is very difficult for
objects running without changing their speed. For
example, the ball runs while its speed decreases
until next hitting. Then using the second order
polynomial fitting that presumes the variance of
accelerate is changing less can be more suitable.
The acceleration-based predictions can not reduce
the search regions any more than the velocity-
based predictions and cost more computation time.



But it provides an accurate method for strategy
module. In other applications, it can be much
more useful than the other two methods.

The calculation has two steps. First one is to
get the previous tracking points. For convenience,
it can be a straight line or 2™ order polynomial
curve. The second step is to calculate the future
position.

Assuming that there are n+1 points (XO, yo) to
(x,,y,) and straight line p(x) = a, +a,x+a,x

The error from each point to the straight lineis R

Then d :iR :iZ[P(Xi)' y,]°

To make dleast, a,, a, a,should be the
solution of following equation
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In the application, it issuitableto let n = 5.

and

The next step to calculate the future position is:
X(t) = X(t- 1) +V(t- )dT(t) +%A(t)(dT(t))2

A = av() _ dX()  dX(t-1) (8)
S dT(t) dT(1)? dT()dT(t- 1)
VD) = dX (t)
dT (t)

These can then be used to produce the find
accel eration equation:

= T(t)
XO=XE D+ Xt D0
2 (9)
S T0 0 e xe ¢
2 T T(t2)

Note that the result should be projected onto
the straight line have been cal cul ated.

6. Experiment results

To evaluate the performance of the various
predication algorithms, a ball was manually rolled
across the pitch repeatedly. Each prediction
algorithm was then used to predict the movement

of the ball. The frame rate for this experiment was
nearly 50 frames per second and the resolution
was 384" 288. With the fast CPU speed, dl these
algorithms could achieve a high frame rate.
However when the number of the object
increased, the frame rate of acceleration-based
predictions was a bit lower than other two.

These figures show the position errors for the
agorithms. There are two lines in each figure
describing the errorsin both X, Y directions.
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Figure 4 Errors of position-based predictions
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Figure 5 Errors of velocity-based predictions
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Figure 6 Errors of acceleration-based predictions



7. Conclusions and futurework

Raobot soccer is a challenging task that involves
many areas of electronics and computer science.
The visual tracking system is the vital part of its
whole system. In fact the control system program
is embedded in the visual tracking system
software and takes the idle time of the visud
system. The paper has presented such a visua
tracking system for our Essex Wizards team. The
tracking algorithm is able to accuratdy track
multiple objects at nearly 50 frames per second.
The system provides an effective foundation for
further developing strategy and path planning
modul es for the robot soccer competition.

The next stage of our research is to integrate
whole system from the robots, the PC-based visual
tracking system to the strategy and path planning
modules so that a working platform can be used
for further multi-agent system research.
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