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SUSTAINA-OP™: Kid-sized Open Hardware Platform Humanoid Robot with Emphasis on Sustainability
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This paper describes the open hardware platform humanoid robot SUSTAINA-OP™ | which has been under
development since 2022. SUSTAINA-OP™ is accessible, flexible, and robust for beginners and researchers who
want to operate multiple robots. The robot has shown its potential as an open hardware, as evidenced by its first and
second-place results in the RoboCup Humanoid League’s soccer competition at the World Championships. Currently,
the experience gained from the competition is being used to accelerate software development and humanoid research.
In addition, through the release of robot development data, the competition is contributing to the creation of new

deliverables.
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(a) RoboCup2022 Edition (b) RoboCup2023 Edition
Fig.1: Open hardware platform SUSTAINA-OP™.
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Fig.2: The final match in RoboCup2023 Humanoid League [6].



Table 1: Specification of SUSTAINA-OP™ RoboCup2022 Edition VS. RoboCup2023 Edition

Type [ Specification [ RoboCup2022 Edition [ RoboCup2023 Edition
Height - Weight 647 mm - 5.2 kg (Battery included) { 650 mm - 5.3 kg (Battery included)
General Battery LiHv 11.4V 3S1P 2, 800mAh
Battery life Max. 30 min. walking possible
Materials A2017, GFRP, POM, TPU, PLA, etc.
Total 10 x B3M-SC-1170-A 9 x B3M-SC-1040-A
Actuators Stall torque - current 7.6 Nm-54A 46Nm-3.6A
No load speed 46 rpm 54 rpm
MU TDK MPU-9250 TDK ICM-42668-P
Camera e-con Systems™ e-CAMS0_-CUNX
Sensors Camera lens TOWIN S02512512524F 160°(D) - 125°(H) - 90°(V)
Encoders Contactless magnetic 12bit/1round
Strain gauge [ 8 X Sensor and Control SC700-40kg
System-on-Module NVIDIA® Jetson Xavier™ NX
Carrier board AVerMedia EN715 \ Seeedstudio A203 V2
Control boards Microcontroller ATmega32U4
3 x ATSAMD21G18
Custom boards 3 types 3 boards 9 types 12 boards

Note: Changes are indicated in red text.

3 ISy bhT7F—LOKRY DEITHE - IR

KoKy bBANZD, ba—< /A RY—=TRETI7v F 74—
L8Ry PRV OPEREXIATVAS. 2011 4, ROBOTIS #¢
N— P =7 TRER2AI R T DARwIn-OP(ROBOTIS-OP) % B3
L7z, ZOHE 46cm, HE 2.8kg, 20 HHELZFO b2 —</
A RTTy b7+ —u1F, BEONREICE > THRAIRTWS.
RoboCup2011 225 2012 123 TDOk 2 —< /A FY—=F+F v F
A4 ZEFIT, TeamDARwIn (3 DARwIn-OP [7] ZffifH L, 2
BCHEBE R L. 512, RoboCup2014 TiEF v FH A4 XE
FUCBIN L2 F— A D 50%75 DARWIn-OP 75 v s 7 4+ — L %72
Bz R—R2L7zaRy FZ2#HL7%. RoboCup2015 T,
74— RIRATZPRA S H, BEHIROEMZ Y OHRANSES
T 7z72, DARWIn-OP 3B THETHE D T2 X5 1cko7-.
FEX, 3 AR H T3 3 DARwIn-OP3(ROBOTIS-OP3) [8](X] 3a)
MR ENTWED, BFEEBITET LT3,

ORAy Fa—~</ 4 R —OBBREOEIEY, 7
v b7t —2su0Ry PADERDENLLTNSE. 77 RADKR
)L R —K%2® Rhoban Football Club 12 & % Sigmaban+ [9](IX] 3c)
R, FAYDANTTNTRKEDBHFE L 7z Wolfgang-OP [10]([X] 3d)
REDHLWT Ty b7 43— EELTED, ZhboonRy
M, & b EMERBRETOMEREN B, IBEIRFOBIEY 27 DK
Wiy, HarREEPHEIITVWS.

Haarnoja 51%, ROBOTIS - OP3 O—#N—F v = 7 #HR L
T, FHliZEfT>TW3 [11]. BHEEIRFOEHE R BT 2 72 DIk
DRIEZIZ 3D 7V ¥ ML 2 RENVS=BMMEh, KEEIC
N ORISR AN 2 S, EIAMRED X D ¥FIC 0
N, BEHBEIED Y A 7P EIND LSRRI TWS., 2D
X I BFHRE R Ry b ADEEHTIE, RREOBIENLE L X
NB7=D, Iy b 7x—2raRy FRERBICBVTIE, B
MREEC R T & 2 @0 iR » B kD s h 3.

(@) (b) Modified (c) Sigma- (d)
ROBOTIS- ROBOTIS- ban+ [9] Wolfgang-
OP3 [8] OP3 [11] OP [10]

Fig.3: The major platform robots in recent years.
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(b) Chulsoo OP4 [15]
Fig.4: Derived anti-backlash structure inspired by my design

(a) Original structure

(b) ICHIRO [16]

Fig.5: Derived electronic circuit board inspired by my design

(a) Original board
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Fig.6: Power monitoring module on control circuit board and
its role.
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Fig.7: Configuration of load sensor with strain gauges attached
to the sole.
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(a) 3D design model (b) Simplified 3D model

Fig.8: The 3D design model and simplified 3D model for the
simulator of SUSTAINA-OP™,

Fig.9:

Robot simulator environment for SUSTAINA-

OP™ with Webots.
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