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Focusing on locomotion, we realized adaptive locomotive control consisting of a
rhythmic controller based on reflexes and CPG and a regulatory controller that
modulates the interaction between the body and its environment. We suppose that
muscular—-skeletal structure of a biological systemplays a crucial role for realizing
such adaptive control. To support this supposition we realize three types of
locomotive robots, biped, quadruped, and snake—like robots, out of muscular—skeletal
structure, and conduct experiments.

AR TERE
(BHEHAL - 1)
[ERES Y Rt & Bt

200 54EE 16, 000, 000 0 16, 000, 000
200 64 16, 100, 000 0 16, 100, 000
200 74 14, 600, 000 0 14, 600, 000
200 84 13, 100, 000 0 13, 100, 000
200 9EE 13, 400, 000 0 13, 400, 000
ot 73, 200, 000 0 73, 200, 000

WFIE43 8T T2 - A fEIR
B D45 F - fiE  BREF LFE - VAT AL ERS: - AIREaGHRE
X—U—R:BEE, mat—a, @i, K&, St

1. AFZEBIAE 4 A D 5 v = a U 8O BN OFIERIE BRI
InECcoBEnR Y ORI, WO KAElEh, TOBMRITFHRFEIC L > Tl &
HLE R 72 & O FALOFIER & LT Wiz, ZTORR, 7—x77F v & LT



ITHEH L END S OO, BRIk S
EROTWEEEZBND. AWMOHAIZIE
B0V X AR & & A E R O R
RITEICEL T M EERTH Y, FikE
BRI ORNCHFET HDHAEAERN K X LT
Wb, ZOXD R ODMERED )T A
ER P brae—a v E2ELRBT IR
T—=F%T I F ¥ EHNHZ LIk, EEL
iz kb9 2 S ECh 23 m 3 5 rlHetE:
N5, £z, SEIERBEFEICONT
OF Fua—FEWICHEDLZ Licky, B
BB RE IR AE T D o0 & FRIRAF O3 13 B
P20, BREICHEIS T D BEI &I OV T
OHMREMHETES.

INFETHEOBEIZREICK L T K
FIE T RABNRBENTNDR, K H D0
U X 2ATEY & B RBITE O M O Bk IT G
FRPR LTV, Bl X IXERMFO HRP 7' 1
Y/ MREK BffHKOE 2—~ /A R
Ta Yy FTOEBTIE, FALOSTH
R L FALOERIC X AT RIT A
I LCRY, ZOMDOFy MU —7 ik
TR EEE M BRIIZERGEE LTV D, RIFZET
%, ZOOREMOBIRIZ, EMDENERE
it LB AR EAER & LCEBRT 0T, B
BRlC kb 2 s E N R ICm 45 2 &
DRSNS,

2. WFEOEM

ARFFETIX, ZHHEOHEKEZGT L 0R
v b QRESTERY b, 4 BSHTeR v b,
ARy e ) OREMEGCB IR
KA E, BRBHEEZ AV 2 U X AFIES
R v OERERWEZT 4 — Ry
7 HIENC k> TR SN D I E &, 175
e &%l e BRO B 8) 2 BRI 12T
S I PERIE PR & o SRR AR IS X
STRERATHEDOHIEEEZIRE L, X
DFErRY ML THRIET 2. ZOMAEALE
AL, RELHREOMEAERZMIL TR
D, ERMOICER Y So@EGMER EICKE <
HETHLEEZLND. FHEOHEENRLRD
KRIZOWNWTOMIEEWFNZHED D Z &I
L0, HEEED > LBEIFREIIKT T 55
D EFIRGOE Dy EHENITH T EMNT
xhEEZLND.

K E SIS ZENIC 1T, I BT RN
B R KIMIEEEE - VN - FREORIZ L
DX I BRBRBENTFEL, EI) Voo RE AL
g2 LIk TBEIZERLTWDIN
BRI CIRIAT DRI —T "B, Y
WFFEIC X » C LRI EBLT 5 BB %
OFEER OMBEAER #3370 0k
NELNDLEEZOND. £, UWFRICK
STHELNHIEREEIC L - T, A2
BRIE DM 2 B LT 5 0 i R R I 3
B, ox ORBREORKEORIFIZ L - T

OB TE LN DS.

3. Wik

0 aE—va UHlERE, U RLARKEHND
725 FALOHIER &, Tz BAL» S R4
HEMRMRHIERN 2D E L, ENHDORO
BRFEZTIDICERE T D 2 LT kD, BREA
(LISESHICIE A S o a'— 3 I
FERERRT D, w8 E LTI —DIERETIX
<, TR, R, ~eflie PRk e ke,
Bz lpnate—v g UEERICOWTHRSEL,
ZIWHFET I e aE—y g VHBEROE
BRI R EHFEFRICOW T O A Hig4.
DD, EMNED L D rF KA -
TEY, TORERHEERIZE > W) EEE
5250 bMEE 5. KiFgeiRETIE, &
MR EFOF AREE DS, WIS 3T —T 3
VB R DRERRIC & > TIEFICEETH S
Z L ERL, WA R Ui RO
DD DEEFEFIZHONT HAFZET 5.

4. WF7ERk R

[CRuRy K]

(1) ANTfpBeEhsz B A4 Tk o0 22 & 1k
ZENF TR ZE RN TR 2 AN L, #2
HE BTSN T 0 — KXy 7 Hili# &
WHTHZLICE T, BELZFEVEZD
LERHATINEBL S NI,

(2) B OIS X B BT E
DR

HATHE O B IEE 2 HRAICS5 25D T
370 <, RS oM A2 R4 D Z Lk
S THATIEE 2932, EMRLOFEEE
IR, MEELT-.

(3) C“HEEMERFROTHEeR Y FOBk
e
E RO FRICEEHWTHDLEEZLND
5% 9 hafmxlz THEeRy hERIEL,
BREREBR 21T - C, 2 BIHEG, KR HEER
DIBKIEE T N T TR A A LT RS
OB AZEZHZ 22X, ho—Bf

X1 : —BAfif R “kotHk#E R R v b
OELIZ L BT, FmzdcxsZ &
LTz



MUEa Ry M

(4) BHERERFEHET

15 B 72 R A2 V2 = RV R ER O B
VUl e AR > b D B AR FEHEIT O EL %
HFELT, BIEY +— KXy 7 2H0W=
CPG & M7 AR Z AR LY T-TIE
ZHER LT B AEO RIS e &
FEEFRRBEIZIB\NT CPC AR X, &
FARETII AR HERE VO ZE S AT
ST ARFEIHL L) RN, Uz &
MELEPTIC—DDL AT LA THER TX
HT EraRLTE.

(5)  ANLFBHEENE Ry s DFfTEh3E
Bk

ALz Lk > THREh SN M E e R v b
ZRIEL, (KBS OT 7 F 2= —H D2E
SKIEEZTALESE D Z LI L0 IRg ot
BRI ESE, vr—2r L by hXF =
2B T D BT ORI OFLEIZ K D
BEMOMHEEZHME Y I 2L —ra vk
JON— Ry =7 FEREZBEL THRIELT-.
FOFER, FTNENDO/NRE — 2B WT
WATIEBN N L TE & 72 D KR ORI A E B
WCHFIET D ENHALMNE 25T,

2 : EEE A TAEBIE oA -

[~EmrARy K]

(6) ‘EE~roBlgRicEks3< Il
— g EANERROER R ONE
B Ry kOB
g, CT 72 E&=HW, AR OTERK
WEZMT L, T ESNny I 2 b—
R EBR LT, £, ~E ORI GE R
RDOT—ZIZFESE, ~E L REEDOBZEZE
BiffIc X 2 BREh 2 B3 5 ZEX R~
oy e L.

5. FRFEKimHE
CMEssRm ) (G 1 91F)

[1] Hosoda, Sakaguchi, Takayama, and
Takuma, “Pneumatic—driven jumping
robot with anthropomorphic muscular
skeleton structure”, Autonomous
Robots, 28, 307/316, 2010, peer

X3 :

H3

KRENTABEE~ R m R b

review.

[2] Tsujita et al., “Feasibility Study on
Stability of Gait Patterns with
Changable Body Stiffness using
Pneumatic Actuators in Quadruped
Robot”, Advanced Robotics, 23
503/520, 2009, peer review.

(3] A, HAE, AMBEERRT 7 X
DA, FHHlE Hil4E, 48, 9, 693/698,
2009, EHiA.

[4] Hosoda, Takuma, Nakamoto, and Hayashi,
“Biped Robot Design Powered by
Antagonistic Pneumatic Actuators”,
Robotics and Autonomous Systems, 56,
1, 46/53, 2008, peer review.

[56] Takuma and Hosoda, ” Terrain
Negotiation of a Compliant Biped Robot
Driven by Antagonistic Artificial
Muscles”, Journal of Robotics and
mechatronics, 19, 4,423/428, 2007,
peer review.

[6] Kimura et al., ” Adaptive Dynamic
Walking of a Quadruped Robot on
Natural Ground Based on Biological
Concepts”, Int. J. of Robotics Res.
26, 5, 475/490, 2007, peer review.

[7] Tsujita and Masuda, ” Simulation Study
on Acquisition Process of Locomotion
by using an Infant Robot”, Int. J. of
Advanced Robotic Syst. , 409/422, 2007,
peer review.

[8] Tsujita et al.,
Oscillator—controlled Bipedal Walk
with Pneumatic Actuators”, Int. J.
of Mechanical Science and Tech.,
976/980, 2007, peer review.

(9] f&l, AF&, 42vdy FoLyHRas
B S BT - BSCR TEER 2] 1T
K OBANTORES, AARRR Y M
56, 25, 1, 2007, &HiA.

[10]Kimura, Fukuoka, and Cohen, ”
Biologically Inspired Adaptive
Walking of a Quadruped Robot”
Philosophical Trans. of the Royal
Society A, 365, 1850, 153/170, 2007

”




peer review.

[11] Zhang, Kimura, and Fukuoka,
Self-Stabilizing Dynamics for a
Quadruped Robot and Extension Towards
Running on Rough Terrain”, J. of
Robotics and Mechatronics, 19, 1, 2007
peer review.

[12]Kimura, Fukuoka, and Cohen, ” Adaptive
Dynamic Walking of a Quadruped Robot
on Natural Ground Based on Biological
Concepts”, Int. J. of Robotics Res. , 26,
5,475/490, 2007, peer review.

[13] Takuma and Hosoda, ” Controlling the
Walking Period of a Pneumatic Muscle
Walker”, Int. J. of Robotics Research,
25, 9, 861/866, 2006, peer review.

[14] Zhang, Kimura, and Fukuoka,
Autonomously generating efficient
running of a quadruped robot using
delayed feedback control, Advanced
Robotics, 20, 6, 607/629, peer review,
2006.

[15] Zhang, Kimura, and Takase, “Delayed
Feedback Control”, J. of Vibration and
Cont., 12, 12, 1361/1383, 2006, peer
review.

[16] fmld, A, #EIREF 2 Hu e 4 g4
TRy b T8R4 12X D AEEHE) Y
BEMRDEB)DOEBL,  H AR T C
T, 72, 724, 3848/3854, 2006, HHiAT.

(17] A, FERRERERICEILT 2 2B T
ANy b, FHAIEHIAE, 44, 9, 609/614,
2005, AHH.

(18] AU HH, B\hfEM:ZFIH L 7- =& E s HuiiE)
ZRAT, AT L/ /1R, 49, 10,
411/416, 2005, #HiA.

[19] A&, i, MXBENCIS T D CPC DEE,
SR & 4R, 44, 9, 602/608, 2005, 2
FeA .

(FaFR] (11140

[1] Hosoda, Takayama, and Takuma,
Bouncing Monopod with Bio—mimetic
Muscular—Skeleton System”, Int. Conf.
on Intelligent Robots and Syst., 2008
#9 H 25 H, Nice, France

[2] Tsujita et al., ” Gait Transition by
Tuning Muscle Tones using Pneumatic
Actuators in Quadruped Locomotion”,
Int. Conf. on Intelligent Robots and
Syst., 2008 429 H 25 H, Nice, France.

[3] Maufroy, Kimura, and Takse, ”
Biologically Inspired Neural
Controller for Quadruped”, Int. Conf.
on Robotics and Biomimetics, 2007 &
12 H 15 H, Sanya, China.

[4] Tsujita et al., ” daptive locomotion

”

control of a legged robot with
pneumatic actuators”, Int. Conf. on
Robotics and Biomimetics, 2007 4 12
H 15 H, Sanya, China.

[56] Takuma and Hosoda, ” Controlling
Walking Behavior of Passive Dynamic
Walker utilizing Passive Joint
Compliance”, Int. Conf. on
Intelligent Robots and Syst., 2007
& 10 H 30 H, San Diego, CA.

[6] Zhang, Masuda, Kimura, and Takase, ”
Towards Realization of Adaptive
Running of a Quadruped Robot Using
Delayed Feedback Control”, Int. Conf.
on Robotics and Automation, 2007 £E 4
H 11 H, Rome, Italy

[7] Hosoda, Takuma, and Nakamoto, ” Design
and Control of 2D Biped that can Walk
and Run with Pneumatic Artificial
Muscles”, Int. Conf. on Humanoid
Robotis, 2006 4 12 H 4 H, Genova,
Ttaly.

[8] Tsujita and Masuda, ” Simulation of
Acquisition of Locomotion of an Infant
Robot”, Int. Conf. on Intelligent
Robots and Syst., 2006410 H 9 H
Beijing, China

[9] Takuma, Hosoda, and Asada, ”
Stabilization of Biped with Pneumatic
Actuators against Terrain Changes”,
Int. Conf. on Intelligent Robots and
Syst., 200548 H 2 H, Edmonton,
Canada.

[10] Inoue, Ma, and Jin, ” Optimization of
CPG-Network for Decentralized Control
of a Snake-Like Robot”, Int. Conf. on
Robotics and Biomimetics, 2005 4 6
A 29 H, Hong Kong.

[11] Zheng, Fukuoka, and Kimura, ” Adaptive
Running of a Quadruped Robot Using
Delayed Feedback Control”, Int. Conf.
on Robotics and Automation, 2005 £E 4
H 18 H, Barcelona, Spain.

(FE) G214

(1] #HE, A58, FmREDFE—H Ak kS
< HERGERIN T 7' 1 —F, ST HIRR, 2010,
432 R—3,

(2] &M, GHEZ), vV —XBEm, 4—
LEEHIR, 2010, 2%, 261-283.

6. WFIEhLR

(D) WFFe R EE

MM #F (HOSODA KOH)
KRR« TAWF5eR - R
WoeEF R 10252610



(2) WFge iz
AAF ¥ (KIMURA HIROSHI)
TRER TR RS« LIRS 5ER: - #f2
WFeE 5« 40192562

SEHE BSE (TSUJITA KATSUYOSHI)
KRIRTEERS « TR - e
WrgeE 25 1 20252603

- A (INOUE KOUSUKE)
RIKIF « T80 - B
FgeE 35 1 10344839

FHAE &5 (TAKUMA TAKASHI)
KPR LR - T8 - GRD
WFgeE 5« 40437372



