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On the Six-Legged Curling Robot at the Winter Olympic Games
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Abstract: The six-legged curling robot is the only robot to enter the Winter Olympic Games site required by Beijing
Organising Committee for the 2022 Olympic Winter Games. The purpose of developing this robot is to demonstrate the in-
dependent innovation ability and level of robots in China at the Beijing Winter Olympic Games. By imitating the behavioural
characteristics of a curling player throwing a curling stone, we find unique ideas to design and develop a six-legged curling
robot. The design of the six-legged curling robot faces many challenges, including the configuration synthesis of the six-
legged robot imitating the human curling behaviour, the establishment of the correlation characteristics between the curling
task chain and the robot behaviour chain, and the trajectory planning of the robot hitting the curling stone. The developed

six-legged curling robot successfully completed the performance of hitting curling stone at the Ice Cube for the Beijing 2022
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Winter Olympic Games.
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the six-legged curling robot)
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Fig.1 Configurations of standing and walking, and curling
stone throwing of the six-legged curling robot
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Fig.2 Product of the force-control composite driving unit
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3 KFTESRENEAITHEE (Behaviour chain
of the six-legged curling robot)
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Fig.3 Task chain of the curling stone delivery by human
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Fig.4 Sub-chain decomposition of humanoid behaviours of the six-legged curling robot
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Fig.5 Area division of the curling stone delivery by the robot
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KIENEWTZARENENL (Trajec-
tory planning of curling stone delivery by

4

the six-legged curling robot)
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Fig.6 Behaviour sub-chain of critical tasks of the curling stone

delivery by the robot
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Fig.7 Motion of the curling stone after delivery by the robot
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Fig.8 Trajectory description of the curling stone after delivery
by the robot

B 7 P L as AR AT i UK S A8 Rl J T )iz
2. FIHE 8 s rvkazi #ijﬁ% » =43 A
FEH AT AR R B R vk a2z 5, Hp S AT R S22k
I O ¥l IWHE ST LI s, UK r SR8
Be b RBREER S, XFERTELN 3 B R AT
BRI L IE 8. K 8, UK EAER—

MOP RN R Py SRR P INEERE P
@)~ DEHINELARR, j AR ELH

(e
P=R+r, P=R+i, P=R+}¢ )
o
R=Re"?, r=rel@+?) 3)
JCH ¢ 9 R GRS ARHY x 10 Fi, 0 9 r RS
R RERFAA. 30 (3) WX A ¢ KT, T4
R=Rke? +RY(?*3)
iF=r(¢+6)¢ i(ovo+3)
A (@) PSSR, A
R=Rei® 1 2R¢ei(0+3) 4 RGei(0+) 4 Rg2eilo+m)
F=r($+6)7" ) 4 r(¢ 4 6)° 00

EE 8 1, K3 (2)@4) IR P sl 53 5

4

&)

£ R REMIEHT R KEMTTH EHF, 13K (6)
PR 70 3 -
v’;:R+r(¢+9)cos<0+g> .
o ©6)
vh=Ré+r(6+6)sin (0+7)
X (7) EXH A
VT
tanA = % (7

Vp
PR oK i it 52 (UK T EE 45 35 3K (6)(7) 1Y 7 Tl
MBS, PRIER] LLEAT

Fr= \J(FT) + (FR)" = mgf
F® = Ficos A (®)
F' = FsinA

Hom, g M f 50 IR RVKEE BT, 5 7 s A
UKAE SUKIETZ [ BEE R E, F FR R 3l E0R
VKA T2 KA BE R F. Wy R R BT A A BEHE 14y
EAMEET R REMN T D) .

MUKIEEAE 0 o AlEL o Flw i, il (6)(7) 15
AT

R +r(¢+06)

tanA; = Al , 6=0
it O
tan}q:%, 6=m

UK 6 73 H 0 B i, BRUONUKAERT S
PR 73 55 UK EE 4 AR BN AR A, o0 ) ek A i =
i S UKTH B R BN fis {ka}ﬁ#ﬁﬂ%'%/?ﬁﬁ@



4455 S5

g, A BRI EHLE BT 537

BEREN o, BF fr=nf, HHn 2 MEER
B EIEEL AEE T

1 1
F,=3mgfi, F.=3mgf (10)

SER Ry ARy 42 BUAOKEE N MR 4 5 K
THI 2 1R R BE 5 70 K 2K (10) BTtk 1) JBE 16 71 4 S A
R RET M EMEE T R RERTT A LR, 15
F =F,cosh, Ff=F,sink
F =F,cosk,, FFf=F,sink,
1 LA b % 3R] DL S VK AT I8 3 ) ) 5 T
18 = —(F] +FD)r
ma’ = FJ —FflT (12)

R __ R R
ma- = _Ffz _Ffl

b a® M a® 3 RHIONAE R RETTH EMEET R K
EINE LRI, 6 UKAESe L A [ I
B, Iy RUKIEGERTL A BB .

HI P& 7 AT, ARAE LA N SREAE 5 UK 2 £ Rl J3 i
Ja s s BATEEE K, SR A (12) SR AL
v NI AT SR 0 B i UK AT 38 Bl A B A B2 DL K B i
HIK/AN 571, fHEEE R 6 X (1) SKA# HAEHLE
AR UK AR T A 9 i JhE A S 6 A SR HE B B A
MUKIZIZ S UK AT PO AR 2 o — X HESE 3 4>
Bz s 28, SERRVKRE AL E . L DI A
I S EU . B9 JvKaE N EALEE ALEIL 5
B2 UKL 7 UK RE T 40 A R

Y

Ko oKaz N EHLE NAEAL 5T 4 B A 3R
Fig.9 Curling stone throwing show by the six-legged curling

robot at the Beijing 2022 Winter Olympic Games
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