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Development of the Autonomous Bipedal Robot
for the RoboCup 2023 Soccer Humanoid League

O Masato KUBOTERA, Hiroki NOGUCHI, Satoshi INOUE, Riku YOKOO,
Gaku KUWANO and Yasuo HAYASHIBARA (Chiba Institute of Technology)

Abstract: In this paper, we introduce the development of an autonomous soccer-playing bipedal robot for the RoboCup 2023 by
CIT Brains. The robot is developed as an open hardware platform, with design data available on GitHub. We are also developing
software executing on SoM with GPU, such as decision-making with task-based Al, body control on artificial turf fields and

image processing.

1. IEL®IC

TETERERRKRT 1 7 2R OZEEFLE
L CHi & 7= — 24 TCIT Brains M) 1%, aRA v
THYvh—ba—~</A4AF)—-FRELTHRERY
ta—</4 FaRy POBEBICEDHATYS.
F— 1% 2006 D STEELTE D, BAEIIKERAE S
HeHE 1 AVFELTWS. ZhxTig, 6 o
v P AL XDba—</4 FaKy + (Fig 1) 28
L EEMNICY v =B EIT D 12D O BRI 2 FF
LT&7.

FEETE, iLtvwe Ry b5y P74 — A4
[SUSTAINA-OP™ 231 | ZEAFEL TW5. £ Z ClIHEE
LT R 72 ¥ D 72812, Graphics Processing Unit
(GPU) % &L HALHATHEZ System on Module (SoM)
PHOWTWS., ZhAsDN—FY 7O T — &I
GitHub ¥ T—fRICABI X T W53,

B EAT D 2D OBERFMNICIE, BRI, fTEIR
E, BREIEZYOY 7 b2 7B EENE. TS
IHERE Z LN LTSN EIES B Y 7 b = TRE
EREEL TV,

FacrDF—21x, aRAy FOMFEREITHRIZN
LTEBD, aRkby 72022 ZATEK D arkphy
72023 77 ATHEBEBLTWS. AT, =
ARy 72023 1M TR INZ, vRy v FF v b
TA—neV 7 bz 7BRCHESEYT, MNT 5.

1st znd 3|'d 4lh 51]1 601
HR18 HR30 Dynamo Accelite GankenKun SUSTAINA-OP
2006~2011 2009~2011 2010~2014 2012~2018 2016~ 2022~

Fig.1 The history of CIT Brains’ KidSize robots.
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Fig.2 Soccer competition in the RoboCup2023 Humanoid
League KidSize.
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Fig.3 Overview of electrical system configuration in the
SUSTAINA-OP™,



Table 1 Specification of SUSTAINA-OP™ RoboCup2023 Edition

Height 0.65 m
Weight 5.3 kg (Battery included)
Walking speed Max. 0.33 m/s
Degrees of freedom 19 DoFs
Actuators 10 x B3M-SC-1170-A (KONDO)
9 x B3M-SC-1040-A (KONDO)
Sensors IMU(3-axis gyroscope and 3-axis accelerometer): ICM-42688-P (TDK InvenSense)

Camera: e-CAMS50_CUNX (e-con Systems) with wide-lens: S02512512524F (TOWIN)

Encoders: Contactless magnetic 12bit/1round in actuators
Single board computer  SoM: Jetson Xavier NX (NVIDIA)

Carrier board: A203 V2 (Seed studio)
Battery LiHv 11.4V 3S1P 2800mAh: HP-G830C2800S3 (Hyperion)
Materials A2017, GFRP, POM, TPU, PLA, etc.
Custom Circuit Boards 1 x SUSTAINA Core Board Rev. 1

1 x A203 V2 Expansion Board Rev. 2

1 x IMU Measurement and Transmission Module Rev. 1

1 x USB to Quad RS-485 Conv. Module Rev. 1

4 x Power Monitor Module Rev. 2

1 x USB-HID Control Switches Module Rev. 1

1 x Buck-Boost Switch Mode Power Supply Module Rev. 1

2 x Quad Load Cell Amplifier to RS-485 Conv. Module Rev. 1

1 x ICM-42688-P-Module Rev. 1

Camera with wide lens
* ¢-CAMS50 _CUNX (e-con Systems)
¢ S02512512524F (TOWIN)

USB-HID Control Switches Module
* 1 XDEV-12640 (sparkfun)
¢ 2 X Tactile Switches

IMU Measurement and Transmission Module
* ICM-42688-P (TDK)
* XIAO SAMD21 (Seeed studio)
Single Board Computer
» 1 X Jetson Xavier NX (NVIDIA)
e 1 X A203 Carrier Board (Seeed studio)

A203 V2 Expansion Board
* FE1.1s (Terminus Technology)

USB to Quad RS-485 Conv. Module
e 1 XFT4232H (FTDI)
* 4 X ADM3078E (Analog Devices)

Power Monitor Module
* 4 XINA226 (Texas Instruments)

SUSTAINA Core Board
* 4 XINA226 (Texas Instruments)

Buck-Boost Switch Mode Power Supply Module
* LTMB8055 (Analog Devices)

| Battery

* LiHV 3S1P 2800mAh (Hyperion)
Actuators
* 10 XB3M-SC-1170-A (KONDO)
*  9XB3M-SC-1040-A (KONDO)
2 X Quad Load Cell Amplifier to RS-485 Conv. Module
* 1 XXIAO SAMD?21 (Seeed studio)
* 4 XHX711 (Avia Semico)

8 X Strain Gauge
* SC700-40kg (Sensor and Control)

Fig.4 Overview of the hardware components. The blue text is the main COTS (Commercial Off-The-Shelf) components and the
green text is the custom circuit boards designed for SUSTAINA-OP™. The design data of the custom circuit boards are available
on GitHub ¥
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(c) Green field detection

(d) White line detection

Fig.6 Object detection procedure: (a) Image capture using a
head-mounted camera. (b) Detection of the ball, goal posts,
and robots using YOLO. (c-d) Detection of the green field and

white lines using SSt.
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Fig.7 An example of a task tree in the attacker robot. Actions
to be executed are called Primitive Tasks (red nodes) and ab-
stract actions are called Compound Tasks (blue nodes). The
set of actions is Subtask, and the set of Compound and Primi-
tive Task is Method (green nodes). A Compound Task is a set
of Methods.
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Table 2 Awards of CIT Brains in the RoboCup2023 World
Championships.
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KidSize Technical Challenge 3rd

Fig.8 Players and robots in the RoboCup2023 Humanoid
League.
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