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Abstract. The Barelang63 team competes in the Indonesian Robot Contest,
specifically in the Wheeled Indonesian Soccer Robot Contest (KRSBI-Beroda),
where ball interception is critical for both offensive and defensive strategies. This
research aims to improve the robot's ball interception capabilities by developing
an algorithm that leverages a Kalman filter for precise estimation of the ball's
position and velocity. The algorithm integrates data from both omnidirectional
and stereo cameras, using color segmentation for ball detection. Experimental
results demonstrate that the Kalman filter significantly enhances the accuracy of
ball tracking, resulting in a high success rate in interceptions at lower ball speeds
(0.8 - 1 m/s). However, at higher speeds (1.5 - 2 m/s), the robot's interception
success decreases due to its speed limitations. Future work will focus on
increasing the robot's maximum speed to enhance the effectiveness of the
interception algorithm in high-speed scenarios.
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1 Introduction

The Barelang63 team focuses on developing autonomous wheeled soccer robots that
compete annually in the Indonesian Robot Contest (Kontes Robot Indonesia, KRI),
organized by PUSPRESNAS [1]. One of the categories contested in this competition is
the Wheeled Indonesian Soccer Robot Contest (KRSBI-Beroda), which challenges
teams to design robots capable of communication, coordination, and autonomous
soccer play [2]. Ball possession is a critical factor in robot soccer, with the ability to
intercept the ball playing a key role in both offensive and defensive strategies [3][4].

In previous implementations, robot passes were guided primarily by the receiving
robot’s position data obtained through odometry. However, odometry is prone to
inaccuracies due to wheel slip [5], leading to mismatches between the estimated and
actual positions of the receiving robot, often resulting in missed passes [6]. To address
this issue, this research focuses on developing a ball interception algorithm aimed at
improving the robot’s ability to accurately control the ball, thereby enhancing overall
game performance.

A key aspect of successful ball interception lies in the accurate estimation of the
ball’s position and velocity. The Kalman filter has demonstrated excellent performance
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Implementation of Intercept Ball Algorithm

in this regard [7], providing reliable estimates based on noisy sensor data. Additionally,
research [8] has utilized the Kalman filter to estimate the ball's velocity and employed
geometric approaches for interception. However, there are notable differences in the
types of robots used; in that study, the robots belong to the Small Size League (SSL),
where the camera is positioned overhead and remains static. In contrast, the Barelang63
robot integrates a camera that moves with the robot, introducing unique challenges and
opportunities for real-time processing and decision-making. In this work, the Kalman
filter is utilized to predict the ball’s trajectory based on camera inputs. Additionally,
trigonometric calculations, slope analysis, and time prediction are employed to deter-
mine the optimal interception point for the robot. The proposed algorithm is expected
to reduce missed passes and improve the team’s chances of success in competitive
matches.

2 Methods

Figure 1 illustrates the block diagram of the software design used in the robot, enabling
the ball interception algorithm to function. First, the ball is detected using two types of
cameras, and the system acquires data regarding the ball’s position. This position data
is then processed by the Kalman filter, which provides an estimated and filtered posi-
tion, along with the ball’s velocity. These estimates of position and velocity serve as
inputs to the interception algorithm, which calculates the ideal target position for the
robot. The robot then moves to this target position to intercept the ball's movement. The
software design will be explained in further detail as follows.
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2.1  Ball Detection

In this research, ball detection is performed using two types of cameras: a stereo camera
and an omnidirectional camera.

Receive data from
Omni and Stereo
Camera

dist = 4m?

YES Set Ball not detected

Use data from Stereo

Camera

Use data from Omni
Camera

Kalman Filter

Fig. 2. Coordination between the two cameras.

Figure 2 shows the coordination between the two cameras used, the omnidirectional
camera is used when the ball is within four meters of the robot, while the stereo camera
is employed when the ball is located at a distance greater than four meters from the
robot. This approach is necessary due to the distance limitations of the omnidirectional
camera. To detect the ball, the color segmentation method is utilized. This is an image
processing technique that separates or identifies objects in an image based on their color
information. The technique leverages variations in the color spectrum, typically using
the HSV (Hue, Saturation, Value) color model, to segment the image into blobs of
color, allowing the computer to detect the objects [9].
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Fig. 3. Flowchart of color segmentation.

The flowchart on Figure 3 illustrates the color segmentation process to detect an object
in the form of an orange ball. The first stage is image capture from the camera, which
is then converted into an image in HSV (hue, saturation, value) color format. This con-
version is done to simplify the segmentation process and produce more accurate results
[10]. The next step is to determine the threshold value of HSV to detect the orange
color. The value is then compared with each pixel in the image. If the intensity at a
pixel is greater than the predetermined threshold value, the pixel will be considered part
of the object. Conversely, if the intensity is lower, the pixel will be considered part of
the background. After the camera detects the ball, distance data in the form of pixels is
obtained. The data, in the program for the omni camera, will be processed using the
interpolation method to produce the actual distance of the object to the robot. Mean-
while, the pixel distance data obtained from the stereo camera will be processed using
the depth sensing method, which also produces the distance data of the object to the
robot.
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2.2 Ball Position and Velocity Estimation

The information about the position and velocity of the ball is very important in this
game as the ball is the main object that affects key decisions [11]. Therefore, this infor-
mation should be as accurate as possible. To achieve this, a Kalman filter is used to
improve the estimated ball position obtained from visual information. Kalman filter is
an algorithm used to estimate the state of a dynamic system that evolves over time in
the presence of uncertainty or noise.

The ball is assumed to move at a constant speed between cycles. Although this is not
entirely true due to the short time between cycles and the noisy environment, this as-
sumption is quite reasonable. Therefore, factors such as friction and external control
are not considered in the model. Based on the Kalman filter formula (described in
[12]{13]), the assumed state transition model given by

KXie=Fxy_y

(e))

Where X is the state vector that containing position and velocity of the ball, and F is a
transition matrix with the following equation.

Fe [ 4
(2

Where At is the difference between the current time and the previous measurement time.
Kalman filter consists of two main stages, namely prediction and update, which in the
prediction stage Kalman filter uses a mathematical model of the system to predict the
next state of the system based on the current state. Then in the update stage the Kalman
filter updates the prediction results with the latest measurements obtained from the sen-
Sors.

2.3 Intercept Algorithm

This algorithm aims to get the target position of the robot, so that the robot can intercept
the movement of the ball.
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1: Algorithm intercept ball(xb, yb, xr, yr, vrobot, vbx, vby):

vrobot = 1.6

5]

flag = 1
3: A= xb - xr }/{ yvb - ¥r
4: discriminant = -A%*vby®+2*L*vby*vbx-
vhbx*vbx+vrobot#4+4%*vrobot?
B if({discriminant > 0) then

R e I R Ty
E = vdiseriminant

T alpha = atanZ ( (A®*vby-vEx*A+EB)/ ( (1 + A%) *vrobot),

(A*B-A*vby+vbx) / {(1+A%) *vrobot))

g: time = (yb - yr) / (vrobot * =in(alpha) - vby)
9: else

10: time = 0

1 M fE- alpha = 0

12: flag = 0

1 B if(flag = 1) then

14: target X = Xr + vrobot * cos(alpha) * time
15: target_¥ = ¥Ir + vrobot * sin(alpha) * time
le: target_theta = atan2( yb - vr, xb - XIr )
17: else

18: flag = 1

159: time = 5

20: target x = xb + vbx * time

21: target ¥ = vb + vby * time

22: target theta = atan2| yb - vr, xb - Xxr |

Fig. 4. Intercept Ball algorithm.

Figure 4 shows the ball interception algorithm (adapted from [14]) with information
about the ball position (xb, yb), robot position (xr, yr), maximum robot speed (vrobot),
and ball speed (vbx, vby). In line 2, the robot's maximum speed is initialized, along
with the flag, which is set to 1. Line 3 contains the equation used to calculate the slope
between the ball and the robot, which will be used to find the solution for the ball in-
terception, as represented by the equation in line 4. If a solution to intercept the ball is
found, the angle alpha, which indicates the direction the robot needs to move, and the
time required for the robot to intercept the ball are computed using the equations in
lines 6 through 8. However, if no solution for intercepting the ball is found, the values
for time, alpha, and the flag are set to 0. If the flag remains 1 (indicating that a ball
interception solution is found), the target position of the robot (x, y, theta) is calculated
using the equations in lines 14 to 16. On the other hand, if the flag is 0, the robot's target
position is calculated using the equations in lines 18 to 22.
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2.4 Omniwheel Robot

Fig. 5. Omniwheel robot.

The robot used in this research is an Omniwheel soccer robot. This robot is equipped
with two types of cameras, namely omnidirectional cameras and stereo cameras. In ad-
dition, the robot is also equipped with a kicking system and a ball handling system. The
kicker system uses a solenoid mechanism, while the ball handling system utilizes two
PG 36 DC motors.

—| Proximity Sensor |
Omnidirectional
Camera
> Mini PC —| Rotary Encoder |
Stereo Camera —| Limit Switch |
T —| IMU |
v

STM Nucleo F767ZI

v ! v

Driver Escon Kicker Controler Driver BTS
A4
Motor Maxon
Motor PG

Fig. 6. Hardware block diagram.
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For our robot's movement, we apply kinematic calculations to ensure precise control
and positioning. Kinematics is the study of robot motion, focusing on the geometric
structure of a moving reference frame system without considering the forces and masses
acting on the robot. Robot kinematics is used to account for changes in the robot's po-
sition relative to both global and local reference frames [15]. In robot kinematics, there
are two main models: inverse kinematics and forward kinematics. Inverse kinematics
is used to determine the speed of each wheel so that the robot can reach a specified
target point. Forward kinematics, on the other hand, is used to determine the robot's
global position based on its linear and angular velocities [16].
Vi V

~
S

N

Fig. 7. Wheel configuration of the Barelang63 robot.

Figure 7 shows the wheel configuration of a three-wheeled omniwheel robot. Based on
the figure, the inverse kinematics equations that can be used are as follows.

01 — cos9 sind L .

0, =1 X
2 | = - 0 -1 L 3)

r I

25 cosd sind L Wp

Based on equation 3, @ represents the angular velocity of each wheel in radians per
second (rad/s). L is the distance from the center of the robot to the center of the wheel
in centimeters. X; represents the local velocity of the robot along the x-axis in centi-
meters per second (cm/s), while y; represents the local velocity of the robot along the
y-axis in centimeters per second (cm/s). As for forward kinematics, the linear motion
of the robot is determined based on the linear velocity of each wheel vi. Which vi is
obtained from odometry with the following equation.

tick encoder
V= —— 2Tr
ppr

“4)

Odometry is a technique used to determine the position of a robot based on data from
sensors on the robot. This data usually includes information about wheel speed, roll
angle, and position change. After obtaining the linear velocity value of each wheel, the
following equation can be used to obtain the position of the robot.
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. 1 [cos 6 —sin® O i,
= (5) sin® cos® 0 (1;;) ®)
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Based on equation 5, x,, represents the robot's global velocity along the x-axis in cen-
timeters per second (cm/s), while yw represents the robot's global velocity along the y-
axis in centimeters per second (cm/s), and wp represents the robot's angular velocity in
radians per second (rad/s). Once the robot's global velocity is determined, its global
position can be obtained using the following equation.

Xpos = Xpos—l + Xy

(6)
Ypos = Ypos—l + Vw
@)
en = en_l + (Ljp
)]

3 Result

This chapter covers the ball detection test, the results of the Kalman filter, and the suc-
cess rate of the ball intercept algorithm.

3.1 Ball Detection Testing

This test is carried out by placing the ball in a certain position which is then detected
by two types of cameras, namely omnidirectional cameras and stereo cameras. In addi-
tion, testing was also carried out on the distance between the robot and the ball which
was measured based on the results of camera detection, then compared with the meas-
urement data using a tape measure.

originalimage x Segmented - X

(b)

Fig. 8. Segmentation result image on omnidirectional camera.
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Figure 8 shows the results of object segmentation from omnidirectional camera. Part
(a) shows the original image taken by the omnidirectional camera, while part (b) shows
the segmentation result where an orange colored ball was successfully detected. The
detection of the ball is indicated by the blue colored spots surrounding the ball object.

Original segmented

Fig. 9. Segmentation result image on stereo camera.

Figure 9 shows the object segmentation results from the stereo camera. Part (a) shows
the original image taken by the stereo camera, while part (b) shows the segmentation
result where an orange colored ball was successfully detected. The ball detection is
indicated by a red circle and a blue dot on the ball object. To obtain the ball position
data, two methods are used based on the type of camera used. The stereo camera applies
the depth sensing method to measure the distance of the ball object to the robot. Mean-
while, in the omnidirectional camera, the distance of the robot to the ball object is ob-
tained through the interpolation method. The distance data obtained is then converted
into a global position using a rotation matrix.

segmented

()

Fig. 10. Comparison of actual ball distance with ball detection results from stereo cameras.

Figure 10 shows the distance of the ball to the robot. In part (a), the distance detected
by the ball using the stereo camera shows 3.36 meters. The actual distance measured
using the tape measure is also close to this result, which is about 3.3 meters.
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Fig. 11. Comparison of actual ball distance with ball detection results from omnidirectional cam-

era.

Figure 11 shows the distance of the ball to the robot. In part (a), the distance detected
by the omnidirectional camera shows 1.41 meters. The actual distance measured using
the tape measure also shows similar results, which is about 1.4 meters.

Table 1. Comparison of actual ball distance with sensor results

Ball Distance (meter)

Actual Omni Camera Stereo Camera
0,82 0,81 0,8
1,12 1,09 1,1
1,53 1,49 1,5
1,77 1,79 1.8
2,13 2,09 2,1
2,37 2,38 2.4
2,63 2,63 2,6
2,78 2,82 2,8
2,82 291 2,9
3,1 2,99 3

RMSE 0.051 0.044

Based on Table 1, the evaluation compares the ball distance measurements obtained
from two different cameras: an Omni Camera and a Stereo Camera. These measure-
ments are compared against actual distance data measured using a tape measure, and
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the Root Mean Square Error (RMSE) is calculated for both. The RMSE for the Omni
Camera is 0.051, while the Stereo Camera achieves an RMSE of 0.044. These results
indicate that the Stereo Camera provides a more accurate distance measurement com-
pared to the Omni Camera. Specifically, the lower RMSE of the Stereo Camera sug-
gests that its distance estimations are closer to the actual distances, resulting in less
overall error.

3.2 Kalman Filter Testing

Kalman Filter testing is done by throwing a ball at the robot and observing the move-
ment of the ball. The position data obtained is analyzed and compared with three
sources: Omni data (from the omnidirectional camera), Stereo data (from the camera
stereo sensor), and Kalman Filter data (Kalman Filter prediction results). In Figure 9,
it can be seen that the prediction of the ball position by the Kalman Filter has high
accuracy, with results that are almost in line with the stereo sensor data. The data from
the omnidirectional sensor shows some deviation at some points along the trajectory of
the ball. These test results indicate that the Kalman Filter is able to reduce noise and
produce a more stable and accurate estimation of the ball position compared to other

Sensors.
VVBaII Posm?n Comp.)!!son

™ ® Omni Datas

34 \ ® Stereo Datas |
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Fig. 12. Plot of Ball Movement.
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Fig. 13. Ball Movement.

In Figure 13, the blue circle shows the position of the robot, while an orange ball is
detected moving towards the robot. The Kalman filter successfully estimates the veloc-
ity vector of the ball, which is visualized as a red line.

3.3 Intercept Ball Testing

The test was conducted using two striker robots. One robot takes the ball and functions
as a kicker to pass the ball to the other robot. Testing was carried out 20 times, and then
the percentage of success will be calculated.

Number of Successes

Success Rate (%) = X 100 ©)

Total Trials

fleld

CoooeEEEE

CooDeEBEEEaE

(x=133, y=499) ~ R:0 €200 B:0

(x=3,y=384) ~ R:0 G200 B:0

(a) b)

Fig. 14. Intercept ball algorithm test with simulation, the blue dot is the robot and the orange dot
is the ball.

Figure 14 shows that the algorithm works well. In part (a), the robot position is at point
(0,0) and the ball position is at point (5, -1) with ball speed (-0.5, 0.5). While in part
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(b), the robot position is at point (0,0) and the ball position is at point (5, 3) with ball
speed (-0.5, -0.5). It can be seen that the target movement of the robot (shown by the
red line on the robot) successfully cuts off the movement of the ball shown by the red
line on the ball.

Table 2. The results obtained in the interception tests performed on the robot.

. Ball Velocity Status
Experiment
(m/s) Success Contact Failed
1 0.8 100% 0% 0%
2 1 100% 0% 0%
3 1.5 80% 20% 0%
4 2 40% 60% 0%

The results of the intercept algorithm test conducted directly on the robot indicate that
at ball velocities of 0.8 m/s and 1 m/s, the robot achieved a 100% success rate across
five trials for each speed. However, at a velocity of 1.5 m/s, the success rate decreased
to 80%, with the ball making contact with the robot's body in 20% of the trials. At the
highest tested velocity of 2 m/s, the algorithm's performance further declined, resulting
in three contacts, one failure, and only one successful interception.

4 Conclusion

In this paper, a ball interception algorithm was implemented on a robot using color
segmentation-based ball detection with two types of cameras: an omni camera and a
stereo camera. The omni camera produced an RMSE value of 0.051, while the stereo
camera achieved an RMSE value of 0.044 in estimating the ball's distance compared to
the actual distance. Subsequently, a Kalman filter was applied to smooth the data and
obtain estimates of the ball's velocity. The data obtained were used as input for the ball
interception algorithm, demonstrating high effectiveness with a success rate of 100%
at speeds of 0.8 — 1 m/s. However, at a speed of 1.5 m/s, the success rate decreased to
80% due to the ball bouncing off the robot's body, and at a speed of 2 m/s, the success
rate further dropped to 40% due to the robot's maximum speed limitation of only 1.6
m/s. For future work, it is recommended to enhance the robot's capabilities to achieve
a higher maximum speed to improve the effectiveness of the ball interception algo-
rithm.
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