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Abstract

The main theme of this subproject is
focused on the autonomous dynamic balance of
humanoid robot. A strategy of the autonomous
balance for different operating conditions is
established. The related topics of this subproject
include the following ten parts: (i) mechanism
design, (ii) design of servocontrol system,
(iii)design of dynamic sensing system, (iv) gait
plannings of the walking on flat surface, step
and uneven surface, and running, (v) the
derivatives of kinematics and inverse kinematics
of hand and leg, (vi) the approximation of
inverse kinematics using a MLP (multilayer
perceptron) with PSO (particle swarming
optimization) learning, (vii) the derivative of
dynamics for running, (viii) autonomous
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dynamic balance for the single and without
support phases, (ix) autonomous balance for the
condition of large payload or interaction with
enviroment, and (x) development of payloaded
and running humanoid robot. The project of the
first year concentrates on the designs of
mechanism and servo control system. Most
important subjects are the enhancement of servo
stiffness and the passive dynamic walking and
running using springs.

Keywords: humanoid robot, servo control
system, plannings of the walking, mechanism
design.

-~V ERd 2P

*?%iﬂﬁﬁiﬂﬁﬁmé B A A
BEA KR f”%F¢ﬁ%$‘Mﬁﬁw
P’%_;“erls“m,ﬁ:fu?* FORT RSP
PRI O St R s FE"‘ ¥ im%ﬂu
1A q;ﬁ&sg& }‘ Y7 @{;J"Z’EIPB;?J —\,L§7 B
PRIFERRG LA AT LT A
/f-i1<if1¢ﬁ$‘3?4blt’m&’1%334’.1’4;%
AT T ] E AR bldod B~ T
3L a2 a2 RHI[1-10] ) B E
POBmE I F2 p AT E(1114) 2 27
THEgahi 4 chl BB L 2 B o

BN s B ApMAR S TFT Y 0 BHR
CERESE ALY G Aﬂ/ﬁﬁﬂg’\mﬁﬂﬂ'*ﬁ—
EARMA L S R - FEAP T A F LR
Fopdit g kg w*‘ﬁﬂﬁ@
M~ % 2 ks QIR B EAPM B 5 -
BRAREMELE - FAMBEY B 3
Rzl 3 S %k@“’%@iﬁ%i”f
TAEFPEA G (HEIIRG - FEE
FoORREF2T PRI FE P FHIGHT
FRAL G FEE 0 Fl 2005 £ ro e
HEAWEAAEINZFELZ-Pwd 2
EAFRTHE (T RBET £ o
ﬁ%%ﬁﬂ~£ﬂ%%Wﬁﬁ%&?€ﬁ%



BAASEPNZAY B P T IR R
ehi RATE & 45 0 2% iE-Smart Toy ~ 7%
WEA-RFFAERLE S RPEL - &
FIEFHRBAEE2PEL A TERY
AENHRFEFPBEL S LY LAPBER
PTG B (RGP AR - F R PRE
T2 R RS M AR 220 T iR
o) AMEERGEEA S A B (i
FR)EHS GRS BEPM TSI A
el e, 2 T ARIEASEA L L ot
b L A 2007 EHEF A T HE
CEFREEME 0 Ao - BESFEL
WELAARXEDE T HETREE R
LECFREFLE RRFEEAFT A
MEER S FARL s Ao kiR BEL A
¥ BB S BEARDATE

AERZFLPFOREFT BRI R
2 A R e B A B2 E N 2
PSR R PRGBS PRS2
2B R B B T ke Pt iR R
B g 2 RIE AR R R LR
% ey B [15-22] -

L o

o

B

B Rl S

K

Fl- o~ LA E 4R U

Fo s AMEE L2 R

i3 542mm
£E 4.2kg
EEIR 12 Bpd R
L4 BAA EX2
pd R IR L2 Bpd R
#rm o7 @Bpd BRX2
L3126 pd R
%renk @ Robotics 7 PR 5 i RX-28
. £ 2R : Robotics 7R 5 £ RX-28
[293°8 ., )
5t "E2R 1 Robotics 7 PR 5 £ RX-28
R Y (GWS) PR B i
Micro MG
- B F & 7 #DC14.8V
e HF & T DC 7.4V

Bl= ~ 4248 E 4 3D B

APES-EPRAIRERA- L8
FEEABERES R AN LA
E LR PRI E w2 8l
fEo B ¥ rdess PIREP R LY ALE A2
SRR = BT
?i#%ﬁﬁﬂJ%oiﬁg%T,$%§
A - S4rE]l- AfmehA R A L H
AL RS EETE R
3D HHEE - APRALTI BT A



wEAL ()L - Bpd R
QL rBpd Rz LS QLG -
B pd A2 LHE st anibiE o (4) PIRE 2
2 BRE TR B0)F AR vk e

2153 = B A J RS

Bl= ~ 42548 E L 2 4rnis 4 3D 1L

- EhpEERA-EF-BAd R
FEHFRES 2 W 2 92 IR E K
[20-22]- Bl = 5 #F 3 % 2 A A4 B A yrinilig
3D HHEW  HEF LB T I B (D)
PR Ed 0 (25 AR R ()
Badaue 21 (OB EiE > 20)aig iy
FU o s Bl gt e
(1) »t @RS g 4 e 3nA > At g

% & 37.7Kg-cm HRE E o 4ot A

A2k b2 A A5 & a\ng#&ﬁ#—a 1R

BT EFZah T A 4 el o
(2) * 5 AR P hhit FHEIRA o NPT &

BERME S BREFRR A YRS

S A gihin 1tk - B - T

B oodepto ko TR EA D FER

LR BT Y
(3) *t B E ARV B (LA 5 A g g T I

FRIREE > ot - kT A REE RS

SPELEL 0 e s R AT i)
(4) >R FInA o ApEr it i

RSB DR et - KT LR
PR R R B e s TR
FLAESEE o
(5) *+a i i IINA > A RIS A g
BT FOBTABEORCEL A
L M A R L E R Sl
foprs Rt E A ER -
3 g s E A URIBEG 0 T
fde v 81[20-22]
(D%t 32 2 5 4 > (™ ks i
Boxfok g FIEF 4 chpt S (3)4rHE YA
B R RELIF o (4)% F R
SEES & 5 N

227w pd B2 FINBHE

Wle ~ A A5 E L2 £ 20454 3D & HEH

F-oE2Pp IR FE e BAd R
EAAEEEF 2 il A £
ERR kAo Bl TR A2 A AEEA LN
gt 3D SRR c HERFELH HA4oT v
B (1)PPRES 44 B QBEEAR M
FHOQ)FERRECEM  HA)E R oo
T A W it e
(1) PR G Ed 4 Bk mA > A Pgr gyr

AR e PR G i > F]p AR e A A5

B AW J&;%*;;hg‘;f;; B E R At R

4 2t o



Qfﬁ’ﬁﬁkﬁﬂﬁﬁﬂﬁ’ﬂwiawa
B R RN Pkt o e B 5 i v B
AR - TG oo et - GREEE

BorFERFREOGREE L
;\‘l o
(B) *+ B EREL S F LA Ay B

TR RIS N F T 4 B Rt
BB RS et g -
GRS SR TR
MRPEEP BT LHP I TN AT
X ﬁjl%‘_lg_;ﬂ , E‘_:ui&—i fp-‘j’b&ﬁl\ ¢

SRR S Rl S

2355 - Bpd RL LRMAFIOBHE

53D 45 H

F-FGpPHRERFEF - Bpd R
2 (R SOEER FREN E 20
PR KBTI LR A A AR g
I 3D BHERl - H KL T -
%i@ﬁ%#*&%&%iﬂm%ﬁﬁw”
IR e R T R K 2K e A
Koik o o
(1) * s £ % 2 PRt s o d
Bing PR E A Tk T A 2 R
WEA TGN RS R BE
At {7 APE R R R R S
(2) »rEREyriR AR T & HE ML > A
PRI L R YRR & e
Lhd REENE- TR HpmEE
FWEA G U F IR P E A B
W R e

24 PIRG F

sysch . ..

2_BRd TR

tita_sync_fren

feset

3ys ok

puse. . ..

reset

finish, data.
B -

bl starth

—| enable

et rumber(d. 0]
[+

# e

MaFi

dection
biad_tioneH
bt

oo _packetage e puntefL]. or_nbr(4.0]
M M[7..0) LT pulse_number(4.0]
e 7.0 WA 1) .01
T e e s8]
e e [

At

inst28

N T Tyt

- 2P RIS EGT ERBEARD

B GE R B A B W $RensREs T B o APt
= 2. FPGA Pzt — TR M A 254

BAGEFEATA S DR B L B R T
ﬁ9m°i”%é*@ﬁ%ﬂm#%Rsms

H1 @ ’_,’f.!l;?ﬁ;];ﬁ
—’:[-\0

r'gl—t’ﬂ '%L/ ?_‘

f-g]_: B

V12 W12

1
2
2200uF/25Y D- 3

o i
®

R = =
10K vee

485 Driving Chip
CPU RxD ; o el 8
RE g o+
DIRECTION48S DR =1

3 oE
T R — B

@:‘5§R3%5®%ﬁ%~ Ty

104

s X g %,
R Ak AL

B~ > Zfhicid B RT R

7 E

Fo 2P ERI eI hhE R RTE
Bl R4 RRIEH e R EFR B~ 5 &
TErR APz i R RTRFUEH
2 = fhdeid Btk KXP84-1050 [23]5 & % 3¢ -
H ORI sitdeT ¢ E b B Rl b0 R deag



GZyr 8 RRAFE P2 4eid B)- A4
Se i E PR uxi} }'}IE‘?*"mgFJHﬂFm"
AR PR E AL A P D
“#EI 5&5% ’f‘-"]‘f’,ﬂ» ES L] o B AR 0 3R
HoahRieg BRE G AT R M fi‘fif’ﬂ%%v
ERATFE FHEL G IO R SeiE
PRI GEE SRR SOREL EL R
BAAp R g .

i RAKRERX Y B Z 2B
beid Bt gl AID i B SHKE
ts> 2 # * 1°C(Inter-Integrated Circuit) i#
s [24] 2~ _SPI(Series Peripherical Interfac - ¢

LD )@ﬁ%ﬁiﬁi[%]%ﬁﬁ:iﬁ e B 3
BEAFL R I AR s
FC%@ﬁﬁﬁo

SoL 2
$0A .
L3
e [ afi.af
M) - — 7.0 GLEILD —=yey
W] e e m.o B i)
0] R G2
[ - e 11p.01
7] - — 7.4]
ap.) 17.0]

i — B

TR

instl?

BT

Wi~ =it R RiGHTE
FIp AR A KSR 3R @ % VHDL 2% -
i @ﬁ;‘]’fﬁ—?_’ #EWEA N Boig b0 JEF = b
beig B ORATAEL A B ARV Z T H e
4eBl4 T o BlP L g el L F A
beft B A E B fhbeE Bk 1R A S
afr:@am-ﬁ—@aﬁc@ﬁﬁw’ﬁ:
B e B2 AR
o iz I°C B > A0 8bit chF R
WOPC e R ER s b B K 0 4 #U I°C
S Nt @ ehz phieid B TR L 8bit o
R E® o dpit it e il > L& B A4t
IE KIS 2 fhicE R Rehdte 312 5
i I°C e ddte @ik s PC i
FOoRTAHE 2 i R RP Y F
he b cds (T o §Avdndt e W R AP €7 -
R B H F B e W F e W)
BB B B~ 2 phto i R ROT R SE
# 2 phieid B k3 e f5t 0 56 I°C B
Bl gt 2 b & IC it st » i sz
4vzi)*§:liif£ e ﬁp@%?]?‘}—’#%%“ 1’C @ﬁﬁjﬁi‘.—'
I‘gF"’ﬁpﬂf. = dhicid B &k eneriE kenz
fhiviE B RDOFTAH L ETF B4 W fRE

> 2 & Bhit ehF gl » AR E XM~ XL~ YM -~
YL‘ZMl:/'i’ZL°ﬂ§@$%]';’;T“{8bit§—f[%
#He o k&A= B wabed B
12bit> F]pt = phteiE Rk § 5 H FALA 2] 2
i 8bit 4e® -+ #7715 > D & Fklerbit #c0 s
PR B4t e T2 enT ol ¢ 5~ £ 8bit hF
‘f—’ Flet & oRriE * it % R -5 i 8hit

— 1B 12bit > B {5 ® 4 = & 52 12bit > 55 12
& og_c ke £ FRIE P g 8c12 B
o B Bedt e ﬁ-.&.“rf'» e £ 8hit & 3%
% = & 12bit m’?r}—' » b L = e ?}imm °
Hgriz 2 3 i ek = b'“'rrp [23] -

|D11 D10|D09|D08|D07 DO6|D05|DO4

D03|D02D01D00 XX XX

R+t~ Zdwheid B RTHR >3

4. - ~g_c&g 8cl2 z

Hriz i

ey i

sys_clk kKL

nReset TR e

SCL 12C CLK#%r iz

SDA 12CF A5z

Ack FETRE = phte it B Redd & 3F

g_reset €8 = fhicik B R

Cs % HipF e 8 12C @ By o2t

Addr % 5 Lowsc® 12C & 3 5
XM ~ XL X o ing A i oA
YM -~ YL Y& o g A M A F
ZM ~ ZL Z7 %o B M T

GX_12 X~ o chdcid B Bl

GY_12 Y& e endeid B #cE

GZ 12 27w eatheiE BB

*%“m@*kﬂwm%4—%ﬁ%
AGB65-4FS #-% » ks X3 - 4@ L - 97
TR R LRA RRE - BF
BRI BT (s 0 2 T E 4 ZMP i
Rl Bt A R A I ZMP 2§ 56
LTI A hp o




Bt~ B4R B4R
T Ik

AFFAEY-FC R LGV £y
PEFZ2EaH L4 DB EA B P
PREZF] & ek 3R FEH 1 (T o AN PR 4 3h
BWEAF R Ak St i © 0 A A
WE - ENRF OB EAPBRER LR TF
EEFERFE LN TFR &S - E B E
AR FEE G o gtk B R A
FERZAR AT A B (D)EFRR S
%y - RhE ERE LTS R Y
A 0 2 R 4 d B L B S 0 (2)
PWEA LR KT @ FLRE g
o A Eg o s (F o

. ‘Z‘«l‘,’éfk

[1] Q. Huang, K. Yokoi, S. Kajita, K. Kaneko, H.
Arai, N. Koyachi and K. Tanie, “Planning
walking patterns for a biped robot,” IEEE
Trans. Robotics & Automation, vol. 17, no. 3,
pp.280-289, 2001.

[2] S. Kajita, T. Nagasaki, K. Yokoi, K. Kaneko
and K. Tanie, “Running pattern generation for
a humanoid model,” IEEE Int. Conf. on
Robotics and Automation, Washington DC,
pp.2755-2761, May, 2002.

[3] T. Nagasaki, S. Kajita, K. Yokoi, K. Kaneko
and K. Tanie, “Running pattern generation and
its evaluation using a realistic humanoid
model,” IEEE Int. Conf. on Robotics and
Automation, Taipei Taiwan, pp.1336-1342,
Sep. 14-19, 2003.

[4] S. Kajita, F. Kanehiro, K. Kaneko, K. Fujiwara,
K. Harada, K. Yokoi and H. Hirukawa, “Biped
walking pattern generation by using preview
control of zero-moment point,” IEEE Int.
Conf. on Robotics and Automation, Taipei
Taiwan, pp.1620-1626, Sep. 14-19, 2003.

[5] 4 4= > “Walking pattern analysis and control
of a humanoid robot,” Master Thesis of

Taiwan University, 2006.

[6] J. E. Pratt and S. V. Drakunov, “Derivation and
application of a conserved orbital energy for
the inverted pendulum bipedal walking
model,” IEEE Int. Conf. on Robotics and
Automation, Roma, Italy, pp.4653-4659, Apr.
10-14, 2007.

[71 M. E. Abdallah and K. J. Waldron, “A physical
model and control strategy for biped running,”
IEEE Int. Conf. on Robotics and Automation,
Roma, Italy, pp.3982-3988, Apr. 10-14, 2007.

[8] H. Hirukawa, S. Hattori, S. Kajita, K. Harada,
K. Kaneko, F. Kanehiro, M. Morisawa, “A
pattern generator of humanoid robots walking
on a rough terrain,” IEEE Int. Conf. on
Robotics and Automation, Roma, Italy,
pp.2546-2551, Apr. 10-14, 2007.

[9] F. lida, J. Rummel and A. Seyfarth, “Bipedal
walking and running with compliant leg,”
IEEE Int. Conf. on Robotics and Automation,
Roma, Italy, pp.3970-3975, Apr. 10-14, 2007.

[10]R. Niiyama, A. Nagakubo and Y. Kuniyoshi,
“Mowgli: A bipedal jumping and landing
robot with an artificial musculoskeletal
system,” IEEE Int. Conf. on Robotics and
Automation, Roma, Italy, pp.2546-2551, Apr.
10-14, 2007.

[11]K. Harada, H. Hirukawa, F. Kanehiro, K.
Fujiwara, K. Kaneko, S. Kajita and M.
Nakamura, “Dynamical balance of a
humanoid robot grasping an environment,”
IEEE Int. Conf. on Intelligent Robotics and
Systems, Sendal Japan, pp.1167-1173, Sep.
28-Oct. 2, 2004.

[12]K. Harada, S. Kajita, H. Saito, M. Morisawa, F.
Kanehiro, K. Fujiwara, K. Kaneko, and H.
Hirukawa, “A humanoid robot carrying a
heavy object,” IEEE Int. Conf. on Robotics
and Automation, Bacelon, Spain,
pp.1712-1717, Apr., 2005.

[13]K. Harada, S. Kajita, K. Kaneko, and H.
Hirukawa, “Dynamic balance of a humanoid
robot during manipulation tasks,” IEEE Trans.
Robotics, vol. 22, no. 3, pp.568-575, 2006.

[14] K. Harada, S. Kajita, F. Kanehiro, K. Fujiwara,
K. Kaneko, K. Yokoi and H. Hirukawa,
“Real-time planning of humanoid robot’s gait
for force-controlled manipulation,”
IEEE/ASME Trans. Mechatron., vol. 12, no. 1,
pp. 53-62, Feb., 2007.

[15]T. C. F. Wong and Y. S. Huang, “Stabilization
of biped dynamic walking using gyroscopic
couple,” IEEE International Joint Symposia
on Intelligence and Systems, pp.102-109,
1996.

[16] K. Kaneko, S. Kajita, F. Kanehiro, K. Yokoi, K.
Fujiwara, H. Hirukawa, T. Kawasaki, M.
Hirata, and T. Isozumi, “Design of advanced
leg module for humanoid robotics project of



METI,” IEEE Int. Conf. on Robotics and
Automation, Washington DC, pp.38-45, 2002,
May, 2002.

[17]N. Kanechira, T. Kawasaki, S. Ohta, T.
Isozumi, T. Kaawada, F. Kanechiro, S. Kajita
and K. Kaneko, “Design and experiments of
advanced leg module (HRP-2L) for humanoid
robot (HRP-2) development,” IEEE Int. Conf.
on Intelligent Robotics and Systems, Lausanne
Switzerland, pp.38-45, Oct., 2002.

[18]K. Harada, S. Kajita, K. Kaneko and H.
Hirukawa, “ZMP analysis for arm/leg
coordination,” IEEE Int. Conf. on Intelligent
Robotics and Systems, Las Vegas, Nevada,
pp.75-81, 2003.

[19]K. Loffler, M. Gienger, F. Pfeiffer and H.
Ulbrich, “Sensors and control concept of a
biped robot,” IEEE Trans. Ind. Electron., vol.
51, no. 5, pp.972-980, 2004.

[20]R. Sellaouti, O. Stasse, S. Kajita, K. Yokoi and
A. Kheddar, “Faster and smoother walking of
humanoid HRP-2 with passive toe joints,”
IEEE Int. Conf. on Intelligent Robotics and
Systems, Bejing China, pp.909-4914, Oct.
9-15, 2006.

[21]S. Kajita, K. Kaneko and M. Morisawa,
“ZMP-based biped running enhanced by toe
springs,” IEEE Int. Conf. on Robotics and
Automation, Roma, Italy, pp.3963-3969, Apr.
10-14, 2007.

[22]M. Wisse, D. G. E. Hobbelen and A. L.
Schwab, “Adding an upper body to passive
dynamic walking robots by means of a
bisecting hip mechanism,” IEEE Trans.
Robotics, vol. 23, no. 1, pp.112-123, 2007.

[23] http://www.Kionix.com/accelerometers/acceler
ometer-KXP84.html

[24] http://zh.wikipedia.org/wiki/12C

[25] http://en.wikipedia.org/wiki/SP1_bus




