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Abstract. This paper contains an introduction to PENS ERSOW robotic team which
have been taking part in Indonesia Wheeled Soccer Robot Contest (adopted from
MSL - Robocup) since 2017. ERSOW has carried out long and continuous research
in building a soccer robot that complies with MSL Robocup competition rules. As
our contribution as researchers, we have published many research results in
reputable places. ERSOW robot soccer has many abilities such as object detection
and classification, control and navigation system, self-localization and mapping, and
also realtime communication between each other. This year will become the first
time for ERSOW to take part in 2022 RoboCup middle size league. We will try to
give our best performance.
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1. Introduction
The ERSOW is one of the robotics team from Politeknik Elektronika Negeri Surabaya (PENS) Indonesia.

ERSOW team was formed in 2016 to participate in the exhibition competition for the Small Size League (SSL)
category in Indonesia. Then in 2017 until now, ERSOW participated in the Indonesian Wheeled Soccer Robot
Contest which was adopted from the Robocup Middle Size League (MSL) competition. The journey of the
ERSOW team has been quite long and has made many achievements at the regional and national levels in
Indonesia. ERSOW tries to show its best ability in the Indonesia Wheeled Soccer Robot Contest at the regional
and national level to win the championship. ERSOW's ability is always improved to meet the target in the
competition every year. Our best achievement is the winner of the regional robot competition and runner up of
the national competition in Indonesia. Several awards for ERSOW in the Indonesia Wheeled Soccer Robot
Contest, namely, 1st regional in 2017, 3rd national 2017, 3rd regional 2019, 2nd national 2019, 2nd national 2020,
best design and 1st regional 2021, 3rd national 2021. With experience in competitions in Indonesia, in 2022 we
will try to take part in the Robocup competition in the hope of gaining a lot of knowledge from other teams from
abroad.

The ERSOW team consists of 17 PENS students, each of whom has special skills such as computer vision,
image processing, hardware, mechanics, etc. In 2017, the ERSOW team focused on kicker systems and ball
detection systems using omnidirectional cameras. Meanwhile, in 2018 it focused on self localization. In 2019,
the ERSOW team focused on the development of four-wheeled robots, the use of Robot Operating Systems,
obstacle detection and obstacle avoidance. In 2020 to 2021, we focused on building cooperation between robots
in passing the ball, corner kicks, avoiding obstacles, and kicking the goal accurately. ERSOW has three robots
that have their own names and tasks. The striker robot is named Okto, defender robot is named Hendro, and the
goalkeeper is named Jamil. This year, we are trying to build two additional four-wheeled robots to participate in
the Robocup competition. Two additional robots are under construction. Previously, we also had a total of eight
three- and four-wheeled robots. But on the way, we decided to use a four-wheeled robot because it was the most
ideal design for our conditions in Indonesia. Wheels with four wheels have great power, so they are easier to
control.
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2. Robot Design
The general form of this robot is a wheeled robot. The structure of the robot form consists of 4 omni-wheels

[1] for attacking robots and goalkeeper robots. ERSOW uses 4 omni-wheels as a robot driving mechanic
because it is more balanced in moving in all directions, so it can be more stable and balanced when chasing the
ball, and avoid obstacle. A ball thrower serves to kick the ball by lifting the ball and Kick the ball in a straight
line. The head is equipped with a sensor system. They are visual organs that function as eyes in humans. This
sensor will it functioned as a tool to track the whereabouts of the ball to be kicked, and it is also to see the
position of the opponent who is blocking the direction of the kick. Structure in terms of mechanics, the omni
wheel used has a diameter of 100 mm and each wheel has an actuator powered by a DC motor. The ERSOW
robot has a physical shape like a cone with a diameter of 46 cm and height of 78 cm. The ERSOW robot has a
ball launcher with specifications. The throwerhas to throw the ball up and also throw the ball straight at the
forward at high speed.

Mechanical design of the ERSOW robot is divided into 3 major mechanical parts, that is the upper body,
the base, and the lower part (the actuator). Fig. 1 shows that the top of the robot has one camera, that is an
omnidirectional camera to help map the field and find the location of the ball, and another robot which are then
processed on a Laptop/PC using image processing.

Fig. 1: The upper body of the robot

Fig. 2 shows the core parts of the robot. Because in this section there are actuators from the robot, that is 4 DC
motors with 4 Omni wheels to change locations. And in this section, there are hardware and power sources.

Fig. 2: Body-base robot



Fig. 3 shows the design of the attack robot used by ERSOW. which has dimensions of 46 x 46 x 78 cm.

(a)                                                                (b)

Fig. 3: (a) 3D design (b) ERSOW Robot

The kicker and dribbler are attached to the middle base (before the top). For the kicker, ERSOW uses a
solenoid powered by a voltage from a capacitor to generate a magnetic field to attract the shaft. This driving
force is used as a ball pusher. Expected with this can produce a hard ball kick and accurate. This new proposed
mechanical model can produce a straight kick and bounce. Speed and the power in kicking depends on the
amount voltage and current flowing in the coil winding solenoid. At a voltage of 235V the kicked ball can reach
a speed of 7m/s.

This design is a 15 diameter pipe mm with a length of 7 cm where in the middle of the pipecoiled around a
copper coil. In the pipe there is a piece of iron measuring 10 cm and can be move freely. The iron is placed in a
straight line with pipe. When the copper coil is energized, then automatically the iron is pulled into the in the
pipe and right in the middle of the pipe. Process Withdrawal of iron into this pipe, can be used for make a
pusher to kick a ball. This technique adopts a coil gun in shooting games.

Fig. 4: Kicking and dribbling system design



When the robot is about to kick the ball, then the coil must be electrified with a voltage and a certain time
so that the solenoid can attract the iron used for impetus on kicks. When the process of kicking the ball is
complete, the electricity is on copper can be turned off so that the iron position returns as before. During the
process of withdrawing iron by solenoid, there is a very strong pushing force, this push can make anything it
hits can thrown away. If the ball is placed directly in front of the pipe, then it will be pushed strongly. The three
most interesting ingredients to be used for solenoids: Supermalloy, Silicon Core Iron and Carpenter Electrical
Iron.

The materials used for the manufacture of this ERSOW robot consist of the main material uses a type of
aluminum plate and stainless holo. This material composes almost all the mechanical parts of the robot. Also
using supporting materials that is used to construct other parts of the robot's mechanics, such as rubber for the
lining of the motor dribbler, acrylic, and foam for the lining of the body accessories and controller compartment.

3. Hardware

The ERSOW robot is designed to be able to run autonomously. Therefore, the robot must be able to detect
the ball, its coordinates, the coordinates between the robots, and the goal, and enter the ball into the opponent's
goal. So a systematic system must be put in place that can describe all the ways the system works and get
maximum results.

Fig. 5: Block Diagram of the ERSOW Robot’s system

From the block diagram above, it can be seen that the main controller is the PC, and the sub-controller is
the STM32F4 Discovery. Then the computer or PC processes the video data captured by the camera. The video
will be processed to find out if the objects around the robot are the ball, goal, or opponent. In addition to
processing video data from the camera, the main controller also acts as a strategy center for the robot, receiving
data from the "referee box" and sending commands to the sub-controller. Meanwhile, the sub-controller is in
charge of taking data from the gyroscope and accelerometer, which are used to balance the robot. In addition,



the sub-controller is also in charge of sending the data to a PC serially for further processing. The STM32F4
Discovery is a link between the main controller and the actuator. All information about the strategy will be sent
to the sub-controller, which already contains motion data from the actuator.

Fig. 6: Block Diagram of the ERSOW Robot Working System Documentation

The camera takes pictures that will later be processed in the form of data that can be used to find an object
that has been determined. The objects taken are the ball, the goal, and the opponent. The data obtained from the
camera is collected. It is then processed to be sent to the main microcontroller. The main microcontroller
processes data from the referee box via WiFi communication. On this microcontroller, give commands to the
sub-controller in the motor drive to drive the DC motor where the robot will move.

4. Software

4.1 Robot Operating System

ERSOW Robot soccer uses several data sources available. Typically, Execution time for each sensor that is
attached varies depending on what kind of sensor it is. Ersow robots are working with respect to real-time
system autonomous models that mean all the sensor data must come in at the same time. In order to achieve
that term, we could use the Robotic Operating System synchronization mechanism [2]. In this section, we could
form a synchronized dataset by one ROS node as a synchronizer of all data sources.

Fig. 7 shows that the synchronizer nodes subscribe to 4 incoming channels then by using a generated
timestamp included in each of the topics, it publishes a single synchronized dataset callback. Each data source
will be represented by at least one node to set up and maintain its transfer rate frequency.



Fig. 7: Synchronization Design

4.2 Image Processing

The vision system on ERSOW robot use image classification method [3,4] for detect allies robot, ball, field,
and obstacle object. Image classification is the process of categorizing and labelling groups of pixels or vectors
within an image based on specific rules, for specific rules ERSOW robot use color for differentiate each object
in one frame. Frame in ERSOW robot camera obtain RGB colorspace, ERSOW robot change colorspace into
HSV (Hue, Saturation, Value) to get object contour. Then from object contour, ERSOW robot count the mid
point of object by using contour height, width, x, and y area, then ERSOW robot count distance pixel between
robot and object based on the middle point of robot and object. In every x, y, and distance pixel change into the
real value of x, y, and distance by using ab-Exponential regression. ERSOW robot use image classification
method because this method has low or light computation.

(a) (b)                                                       (c)

Fig. 8: (a) original, (b) ball, (c) obstacle



4.3 Communications

In a match, it is forbidden to use a program that directly communicates with the robot. So there must be an
external system that becomes a medium of communication between the five robots [5]. Wireless communication
uses the IEEE 802.11/n access point standard. Base Station is a program that has the main function of receiving
orders from the referee box and then make decisions based on the referee and data from all robots after which
the data will be broadcast to all robots. The base station program receives data from the referee box directly
using the TCP protocol. At the same time, the base station also receives data from all robots using the UDP
protocol to determine the position of the robot and the ball.

4.4 Strategy

The strategy used by the ERSOW robot depends on the target challenge in each type of match. Generally,
the ERSOW robot uses an initial position strategy, takes the ball at the kickoff point, kicks the ball towards a
friend`s robot, receives feedback from a friend's robot and dribbles it towards the opponent's goal. .

To optimize the movement of the ERSOW robot in dribbling and kicking the ball towards the opponent's
goal, an accurate position estimation is needed [6]. ERSOW robot implements pose estimation which aims to
determine the initial position and target position using position coordinate calculations obtained from the rotary
encoder sensor. The robot ERSOW consists of 5 robots all coordinated by the base station, the goalkeeper
robot is responsible for keeping watch and catching the opponent's ball, then 2 attacking robots are responsible
for attacking or passing the ball and scoring goals into the opponent's goal direction. Robot ERSOW performs
obstacle avoidance [7] to avoid the opponent's robot while dribbling towards the opponent's goal, the method
used to avoid obstacles is the substrate method. With the obstacle avoidance feature, the ERSOW robot will not
hit the opponent's robot and minimize the opponent's chance to loop the ball from the ERSOW robot.

5. Conclusion

This paper describes the development of the latest Ersow robot form and system for the 2022 version.The
main points in the development of this robot are the use of four omni-wheels, a dribbling system, a kicker and
the use of ROS in robots. Based on the results of trials and research, the ERSOW robot has good abilities in
movement, electronic systems, vision processing, and communication systems. ERSOW has also been
customized according to standard soccer robot match wheels in general and Robocup 2022 in particular.
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