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Development of a wheel-based humanoid robot and its balancing strategies
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Fig. 2 Working areas of body joints

upF] 7] gk e] Bupd o] 2= 5 vl o] -Enk oF - v o] Bx
vk, A LA, AAM 7 T o' T E o] Qo 1 floll &
o] A et 25 o] Tl f1xIg & 2] w2 Al 79 erxq
(pltch yaw, roll)= 7 ftt. 51 2] 34 9] 9] F5oll= 25 A A9
-3 TRl = 3] Aol 7] ok i ELE A0 7] 3FE4], <]
i %/}l G ol FdAE o] o ¢ Fa e 7} =t E of O‘BP

T2 (F)EEA=G AR 644+ = F o] =9 oF2 A
ATt SEROPIS] Al ARGk E 139} 2,

r_{

s

& 1 SEROPI9] AL

3] 450x450%1250 mm
A 55 kg
2 6DOF x 2
AFE &l = 2DOF x 2
& 4DOF
zuldeol A 5494 | differential drive
&= max. 2 m/s
AE A% A9 94 | 76800 mm’
A4 24VDC 30Ah Li-polymer battery
4] Ao} 7] P4-M SBC

A g H )2

CAN / RS-232(1]+), Ethernet(] )

3. XtA| & of

SEROPI= 0] % 1.8 2 3o H]3}o] QA 5l A 2~ Ello] 2] gF X u}
dwo] 0] X 5 vh2be o] WA o] Z4] ¢F7] wiol] AFA| 9
ZFA O whe) Hol A <= gl o v o] 2 Hix| } o 5ted z}pA] A|o] oF
P Fo] Basit) ol g2 ﬂa% o5 muped o]
20 ¢ke) 39, 5 o] g 2ol ot FAHS 9T 2= (load
cell)o] &2} 5 o] gl.om, 0471*1 49l AR ks volHE
o]-&-3Fo] 422] (1) = ZMP(Zero Moment Point) 2] ¢] x| & A4k},

E F; S dr7

lN'—H
0_1_4 r_ﬁl—‘

O
=
KN
=
3 Re)
A=

i=fl, fr bl br
:L.ZMP:—E (l)
i=fl, fr, bl br
Z F}Xd1/‘i
_i=flLfr.b.br B
Yznr = £
i=fl, fr bl br
A7V L, frybl,bre 247 A %, U Hpo] REAG
oulsim, Fi= dlg e A =49 dola, d, 9 4,
24 914)9] ¢ 3hE, yFEOITh ZMPE 23e] 43 ezt
A arel® grel™, o] Fhel AW HEF vzbd o] ok gl

lom =R HolxA gErha dddt
A S vz o] WA o] o] ESB 253 Hlsto] o)
2 A5, 8] FAZFEE T-A19] 30% o] ske] 7] wjiel] 2o
o] m3e] kg3 2 o] glow, whebA 5E o] &4
= Frg g dvkal 7P g
B5S F2 137X (pitch), 31 2] 327

nz o 2
o X |o

5=(pitch, yaw, roll) = -



St x|

| =
[ =

tol

2007AE EA

>

cH

=]
e

e ol 9hem, o 714 pitch i ko] ARA| Al o] = F-& 2] pitchFH &
o]-&-3kaL, rolly &2l AHAll Alof<= 312 9] roll %5 o] &3,

2R A R IA F kA ot AA = 2 R,
EAS AAY7|E 2 o] F-2 2R F& AFEShaL AFA 9] =yt
ol & £43t7] 98l 32 & o] &3l Aotk oluld = F 5
pitchZ2} & 2] roll%-2 A Ao & Hd-8ha Y x| #4224
WSt 4 o5 B0l vn] Alo] A Ald ALl
REBA 7Aoo BEo A Ao daElFe 52hekar 9l
= ol 7hE, &S S ) M E BE 024 ZMPe] 1A g
W3S Fo] Fo] Aol & golH sl &tk AHE e 5232
3 2] 9] pitch= & o] &35}, Ruld W] o] =2 o] F & =0 Bl |3}

o] 3| A7

4. A
A% A 3te] 2P w9} o] 5w & o] AAISHS
AN A 20L& FAFHS H g T4l ol A Fox] A 7]
S8l FFS FOo 2 PE EHS WZ 3 3L, o] F Aol = 2m AR
TS A AP S st 7| B4 0 2 PDA| o] 7] & AL
&atglon At ZMP 91X & Alo] g o= gt

i) AAA(EAA)

SEROPI®]| 4] o] < H.e} = 5ol vl e =] o & Qb4 gk A| 28]
o] 7] W Eol] FFL o T QP ST EFL 2R AL
=17 S 21 A] ekt Fig. 3% Akl el ZMP2] x} 1 9 y2} 1 2]
W3S W ol Fu) Fig 42 A4 Ao & %2 2 -4 7} 3] 2 (roll)
Fd o] Ao FAES HoFET
tés%lij_ s 5 —controlled g‘"’os E r{l"’" = ~controlled
] = V* not controlled N 001 ¥t not controlled

-0.06

Time(sec) Time(sec)
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Fig. 4 Joints for control
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Fig. 5 Joint for control (on moving)
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Fig. 6 ZMP(x-y plot, (a): controlled, (b): not controlled)
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Fig. 7 ZMP((a): controlled, (b): not controlled)
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