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Abstract. This paper describes the overall system of the RoboCup Hu-
manoid Soccer League KidSize team, EROS from Politeknik Elektronika
Negeri Surabaya as required by the qualification procedure for the com-
petition to be held on July 2-8, 2019 in Sydney, Australia. Our robot
specification including mechanical architecture, software development,
and hardware construction is described. We also describe our robots im-
provement, and hopefully, we can participate in RoboCup 2019 and get
an outstanding result in Humanoid Soccer League KidSize.

Keywords: Humanoid robot · Ball detection · Localization

1 Introduction

EROS (EEPIS Robot Soccer) is humanoid robot soccer which researched by
undergraduate students at Politeknik Elektronika Negeri Surabaya (PENS), In-
donesia. Our robot has been able to play soccer and participate in competition
in RoboCup Humanoid KidSize League [3]. The last participation is in RoboCup
2017, Japan and must stop in Round of 16, a worse result than before (Round
of 8 in RoboCup 2016 and Semi-final in RoboCup 2014 and 2015). It happened
because our robot can no longer adapt to the rules of the game.

The main problem of the previous competition is object perception. EROS
cannot look at the ball that has a white contour with patterns. Furthermore,
mechanic and hardware specification becomes no longer appropriate. Therefore,
we improve our robot system from the mechanical issues until the high-level
programming. In this paper, we describe our robots improvement, and hopefully,
we can participate in RoboCup 2019 and get an outstanding result in Humanoid
Soccer League KidSize.

2 System Overview

EROS has a height of approximately 58 cm and about 4,7 kg weight with 20
DoF (Degree of Freedom). In the head of the robot mounted a camera with 720p
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Fig. 1: Hardware Construction of EROS.

resolution and 73◦ wide angles. In the trunk of the robot mounted mini-PC, sub-
controller, and battery so that the robot can move freely on the field.

The entire system uses ROS (Robot Operating System) Kinetic Kame and
Ubuntu 16.04 platform. All detection, decision, and control system are in mini-
PC with Intel Core i3-5010U 2.10GHz 4 cores, 4GB DDR3 memories, and SSD as
the storage. Object detection has high priority and uses three cores to get a better
result. The remaining core for others node that runs inside mini-PC, such as
wireless communication that uses 2.4GHz frequency band. Furthermore, walking
trajectory, joint control, and low-level control based on ARM 32bit (Fig.1).

3 Mechanical Architecture

The whole shape body of the robot is just like a kid-sized humanoid robot in
common. It has 20 DoF of the total which consists of 2 DoF on the neck, 3 DoF
on each arm, and 6 DoF on each leg. The most used materials for building this
robot are 2 mm thickness of aluminum and several types thicknesses of acrylics.
The actuators that we use are servo motors of Dynamixel MX-64 for the leg and
Dynamixel MX-28 for the rest of it. The illustrated of the robot can be seen in
Fig.2.
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Fig. 2: The mechanical design and dimensions of EROS

Fig. 3: A formed link of the robot using an aluminum angle

In our previous work, we used 2 mm thickness of aluminum sheet that we have
done machining it in CNC machine before and then bent it later to make a form
of a link of the robot. However, we just aware that using a bent aluminum sheet
will reduce the precision of some part because we did it manually without using
sheet metal folding machines. Therefore, instead of using a bent aluminum, we
decided to change it all with an aluminum angle (which has the same thickness)
to link the robot. This process gives a better precision and more robust results
than before. Fig.3 shows the joint process of a link using an aluminum angle.

4 Vision

4.1 Field Detection

In detecting the field, we use the YUV color domain instead of RGB because
luminance in RGB cannot be separated from the chrominance [1]. However,
the green color in the field has hollow-cavities so that when the robot process
the images there is noise which requires morphological methods to reduce the
existing noise. The morphology includes dilation, erosion, and closing. After
obtaining near-solid binary colors, we apply the convex hull algorithm [6] to
get the entire field captured by the camera as shown in Fig. 4, the red line
displays the results of the field detection. Accuracy in getting the convex hull
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Fig. 4: Field detection in EROS Robot

value depends on the morphological parameters that used when reducing noise
in detecting the field [5].

4.2 Ball Detection

We use the Cascade Classifier method that has been researched in [7] to detect
human faces. We apply this method to detect the ball in the field with the LBP
(Local Binary Pattern) feature. Cascade Classifier used non-pixel features to
approach object detection and applied to the region of interest until all classifiers
(stages) passed. A ball is a circular object with a pattern in it, and the LBP
approach is in a grayscale image that contains a pattern, which makes us use this
feature. However, LBP is not effective against multi-resolution and rotational
invariant textures. To handle this, we applied this approach [4] to obtain positive
and negative sample data for training data.

Data must be authentic, which is taken from the camera mounted on the
robot and also in every condition of the ball in the field. Positive samples are
the image of the ball. While the negative samples are a picture without a ball in
every condition that might happen in the field, the number of negative samples
must be at least two times that of positive samples.

The multi-resolution case is a major problem for this condition —the smallest
and largest ball size in the frame up to 15 times enlargement. The smallest ball
size represents the farthest ball and the largest size for the closest ball. We use
data distribution (Fig. 5) in collecting positive samples. In this way, we get three
parameters after training data. After processing the training data, the robot can
detect the ball well where the ball is in the field line and near the goalpost (Fig.
6).

We are also still trying to improve our ball detection method. To get better
improvement, we also try to implement visual perception from another team such
as NimbRo AdultSize team that get an outstanding result in recent competition
[2].

4.3 Localization

We use the line of the field detection to recognize robot’s position on the field.
The position of the robot always changes when the game is on, such as approach-
ing and looking for a ball. The position of the line (red line in field detection)
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Fig. 5: Positive sample data to be trained

Fig. 6: Ball detection in EROS Robot

Fig. 7: Robot position on the field
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on the image also changed because the robot vibrates during the walking phase.
For that, we need a lot of accurate data so that the robot can easily recognize
its position. We use the kNN (k-Nearest Neighbor) algorithm to identify posi-
tions. Some of the data that has been taken in actual conditions is compared to
the actual data when the robot checks the position. In this way, the robot can
determine its position on the field.

As in Fig. 7, the position of the robot in the field divided into seven parts.
When the attack direction follows the y-axis (to the right), the position in the x-
axis only done near the opponent’s goal (about 3 meters), this is done to reduce
calculations in the process because of limited hardware embedded in the robot.
Therefore, the data distribution for kNN is only in these seven positions.

5 Communication

5.1 Communication between Robot

We use UDP (User Datagram Protocol) as our data travel protocol to send and
receive the data between robot. The illustration of the data flow diagram can be
seen at Fig.8

The robot sends its state to all robot and receives other robots state too.
After that, every robot that already receives other robots state, will process
that state and send the result of the process to other robot and so on.

5.2 Monitoring and Debugging

Monitoring is the way we use to know the state of the robot like the direction
of the robot and whether the robot detects the ball or not. We have two types
of monitoring, namely EROSTeamPlay and EROSDebugger.

EROSTeamPlay is the monitoring that receives the data of the robot through
the socket. It has a similar way with a Communication between Robot. The only
difference is that EROSTeamPlay only receives the state of the robot and not
sending back its data (Fig.9).

Fig. 8: Flow Diagram of EROS Communication



EROS - Team Description Paper 2019 7

Fig. 9: Display of EROSTeamPlay

Fig. 10: Display of EROSDebugger

EROSDebugger is our new software to debug every state of our robots. It
uses the feature of ROS that is MultipleMachine. This software receives the data
of the robot by subscribing the message that published by the robot. Moreover,
it little bit faster (nearly real-time) than using UDP. We still develop this to
make it easier for us to debug the robots (Fig.10).

6 Motion

EROS has undergone many developments in the method and control of walking.
In the case of walking, the angular speed control has been successfully imple-
mented along with the joint trajectory control. Further optimization has also
been carried out by controlling acceleration and deceleration which makes the
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robot more stable when moving towards maximum speed. The addition of opti-
mization during landing has also been applied to reduce the risk of servo motor
damage to the robot. In the case of kicking motion has also been optimized by
using joint trajectory controller.

On the EROS robot also could balance themselves with Linear Inverted Pen-
dulum Modeling (LIPM). Also, we still on work to adding force sensor in the
toe to get better stability walking on the artificial grass.

7 Conclusion

We have described our development in EROS Humanoid Robot. The develop-
ment has been implemented in the Indonesian Robot Competition. Moreover, we
are working further development related to all aspects of RoboCup Competition.
Hopefully, we have a good match with all the teams in Sydney, 2019.
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