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6​ FrostyDesign 

Abstract. ​This paper describes the overall system and design of CIT Brains            
KidSize humanoid league’s open platform robot GankenKun. We introduce the          
new open platform robot last year in 2018 and made significant hardware            
improvements to the platform performance. We also made software         
improvements; developing a 2D strategy simulation for collaboration strategy,         
enhancing object detection system to detect ally/enemy robot, and         
implementing Walk-Kick method to enhance ball kicking. 

Keywords:​ Humanoid Robot, Open Platform Robot,  Robot Detection, Walk-Kick. 

1 Introduction 

CIT Brains is a team consists of mainly undergraduate students from Chiba Institute             
of Technology. We previously competed in RoboCup KidSize Humanoid League and           
won first place on 4-on-4 competition in 2014 and 2015 and won first place              
consecutively in the Technical Challenge for 8 years. 

Our previous humanoid platform robot, Accelite, was developed with Hajime           
Research Institute, where they developed the mechanism while undergraduate         
students from Chiba Institute of Technology developed the overall system such as            
image processing and behavior planning. Last year we introduce a new open platform             
robot GankenKun[1], where the whole system from hardware to software was           
developed by undergraduate students from Chiba Institute of Technology. 
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This paper describes the overall system and design of CIT Brains KidSize humanoid              
robot GankenKun. The first two sections describes the overview of the system and the              
hardware modification. The last sections discuss the software improvements in object           
detection, behavior planning and control system. 

2 Overview of the CIT Brains System 

Our robot, GankenKun, and its specification is shown in Fig. 1 and Table 1              
respectively. GankenKun uses Jetson TX2 with a Auvidea J120 carrier board which            
included a MPU-9250 IMU (compass is not used) and uses a total of 19 B3M Kondo                
servo motors. All processes is handle in the single board. The overall control system              
is shown in Fig. 2.  

The software architecture is shown in Fig. 3 where the lower level control such as                
localization and body control is written in C++ and the higher level control such as               
soccer strategy is written in Python 2.7. 
 

 

Fig. 1.​ Structure of the GankenKun. 
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Table 1.​ Specification of the robot. 

Name GankenKun 
Weight 4.6kg (including Battery) 
Height 640 mm 
Velocity (forward) 0.3 m/s (maximum) 
Walking 
Directions 

All Direction and Rotation(Select the Angle, 
Stride,Period and so on) 

CPU board NVIDIA Jetson TX2 
Carrier board Auvidea J120 
OS Ubuntu 16.04 

Interfaces 

1 x Ethernet, 
3 x USB, 
1 x Start Button, 
1 x Stop Button, 
1 x Emergency Stop 

Servo motors 9 x Kondo B3M-SC-1040-A, 
10 x Kondo B3M-SC-1170-A 

Battery LiPo 3S (11.1V, 2400mAh) 

 

 

Fig. 2.​ Overview of Software architecture. 
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Fig. 3.​ Overview of Robot’s Control System. 

3 Hardware 

GankenKun, a robust Open Platform Robot developed by undergraduate students          
from Chiba Institute of Technology, is developed for RoboCup KidSize Humanoid           
League. Its unique hardware is design to withstand against various impact and            
external forces such as falling down and robot clashing, a common occurrence in             
RoboCup matches.  

The 3D CAD data is available at https://github.com/citbrains/OpenPlatform. This         
year, we removed the pitch axis speed reduction mechanism. In doing so, we             
improved the robot’s walking speed and kick stability. We also optimize the servo             
motor gain to alleviate the damage to the servo motors caused by the impact from               
falling down. 

4 Software 

4.1 Object Detection 

Our robot uses YOLO[2] to detect the ball and the goal post and uses color-based               
image processing[3] to detect the white line and field area. This year, we implemented              
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a robot class to YOLO. Our robot can detect ally robots as well as unknown/enemy               
robots, without explicitly labelling specific robots. The result is shown in Fig. 4. 

 
Fig. 4.​ Detecting Accelite as robot. The model was trained using dataset with only 

GankenKun’s image.  

4.2 Behavior Planning 

a) GOAP 
We are using GOAP (Goal Oriented Action Planning)[4] for behavior planning.           
The robot generates its own goal based on the current situation and plan optimal              
behaviors to achieve its goal. 

 
b) Strategy Simulation 
We are currently developing our own soccer simulator (Fig. 5) in order to create              
a noiseless environment to test our strategy software without using real robots.            
With this simulator, debugging and developing new strategy for our robots           
become more efficient.  
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Fig. 5.​ Strategy Simulator. 

4.3 Walk-Kick method 

Until last year, our robot kick the ball using a predefined motion, which waste              
time switching between gait motion and kick motion. We implemented the           
Walk-Kick method [5], a walking pattern generation based on preview control,           
where our robot can kick the ball while walking. This method saves time as the               
robot no longer need to switch between gait and kick motion. 

The ZMP pattern realizes the Walk-Kick method by planning in the step of              
adjusting, approaching, and swing as shown in Fig. 6. For the swing leg             
trajectory, we used the cycloid curve during walking and the Bezier curve when             
kicking so that the robot can cope with dynamic change pattern. Even if different              
curves are used, theres is no need to seperate by gait and kick motion as the kick                 
motion can be generated in the same hierarchy as the walk pattern generation.  
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Fig. 6.​ Planning method of Walk-Kick. 

5 Conclusion 

In conclusion, this paper describes the overall system and design of CIT Brain’s open              
platform robot GankenKun. We apply modification to the hardware and software to            
improve the robot’s performance. 
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