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NANBA TENNIS with Powerful and Injury-free Robust Movement
Utilizing Equilibrium Instability without Kick of Ground
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We realized the simple self-sustained humanlike robust walking & running NANBA of humanoid biped robot
GENBE based on distributed control of physical body in a martial art, which uses only small active power with simple
chaotic limit cycle utilizing instability. Instability makes the natural movement and can be applied to walking of a
physically handicapped person, rehabilitation, sports, and so on. This paper showed the development of robust NANBA
walking of humanoid Biped Robot GENBE to NANBA-Tennis making full use of instability as a source of driving force.
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Fig.1 Study of NANBA TENNIS

2. TAZEHET -BMEESLHV] FRENOANR MeEIEE
&4

B2 L3 %, e Ry ML 2888 (V1 RAT
v ) ThHDH. K 2a)0E—EN A BB O a2~ 5T
HY, K3 T REEFENE THIE 2 S AW (v
Nt RRAT v 7)) OA % OB ZRd. FROMEHM
KxHZ 72> T 5.

B 2(b) %K 2Dt D VA RAT » 7Oy & O A R
TREXTHY, RE1T, K200 J7 0652527k
M A AEIZBRZ 9 LT A, AR < FMICHm I XV BT
2T 5H. 20Dl Ry MIRERWIEAFRM(ELE) 1T
WOFRMAENZBEIT S, K& 2 TEHNALTWLIE—XIZ
aRy NOLEBOEBEFHORTHD.

B 3(b)IEIX 3Dt B e A RAT v 7O E O
ZaRTIRIEERITH Y, WEILST D & RIFFCE 2 iz -
FH L CHiia & ORENR IR IR, EBBEIIZ X IR A
=05 e R U EIC AT, XRFREDORIE L 2L, X
ER A B/ S, REE2 TIE, OoT—4 (IRBEE)OMIC
O~DDE—% Z8) LIEZ T Tl & B 722285 4 B
<. REERFHARRED O L EIRRE~—B (19 0.3 7))
TEBETS. ZhE TN RRAT v 7] LIRS,

[09-12-3~5, &[T,V a4k« Y URY T L2009 (AR—YTEV VR L) (VYRIT L Ea—~vy « BAF 7 R)

- 136 -



SE R

=0.10[s] =0.20[s] t=0.30[s]

t=0.50[s] t=0.60[s] t=0.70[s] t=0.80]s]

(a)

=0.40[s]

=0.90s] Statel State2

(b)

Fig.2 Right side step with kick of ground by left leg.(250 fps)
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Fig.3 Robust instantaneous NANBA side-step of humanoid biped robot GENBE No.4-2 utilizing instability, which uses only small
active power. Right side step using instability without kick of ground. (250 fps)

REAZ S (R ICEST, MOV TRLEEEFAL
THEBEI T2 O T X 2B EEN B> T NSV ED
STWVWHDIZH LT, K3k HITEENELTITHR
ICERICBEIT D, LR THD Lo 2ny oA RAT
v T DIFREBEE O Y —RE—Z TN D AN /NE 0.,
3. ZReRy b NREH) oFVNAEYOANIME
=l T oNdED ) X, KZE BRI S 2 & TRak
WV W72, HAHWRENLHOREIC—KICELT
LHZEICEVHESEEDREWS.

TS TRy b REM OF o BRE ORI, &
bV 6 BRMEOSE, RIEZE T, (1) RE
1 HERERIZEBIT S EEMBES. 2) RiE2 . 2ok
SR ERNCHT RS EZ L 5 L RB ARICERTGT ~FR,
FERRDEMT D KR 3 LREE 4 13K & A ~ET T SR o
BEThY, ZH) LImEEEEARLEICHYIRLTHL.

Rz bFlee EBRCHT~ENEL S & T2 N EFIMT 5.

JER 10 A BEOHEA (M4), EEBEEEHE - T LK (57)
WEFIED RN L DR Fr &g, aifEmE %
RELLCEyFEHESTEHLHRIZEVICEELS.
BEHF U RNEV L, NATy PRy —7p L
DR 7 MECHBE D &y V2 (ICHETh B0, #£
D HE U ASFERISIR VO, R OERERUER O E D IZ R
THEVICEHMET, BP0, =T E N> TH R
MBI ZNZITH 2 EIFFEFICEE LW & Wb H[8]. B~
DEAE & i L CHREIIRF O R 2 e/ NC T2 K2 ez &
Mpgh& &, BEPOFRILD ERDE& 0 BEMIEE
2OV TERTHRO- Db~ 7z,
BEoBEfizhCrZ toTErn gue Ry MEEMEO
(o) OFENY, REERFHRE (K5 - 1)

A AR 23 [N0.09-45] 3 LR w7 Ak Sk

NHARZEEZFMN L CRER R IE (RE - ) ~ES
EBI OB D AR ERERVIERT, Wbwd, FEREN
FIRBTDIVI Y MY A TNV T I3 X—ThHbH.

BTy TR G IRE GRE) HIZIXENTH 50,
Bt (b —ARE—4) ~OAMOREIXLEEDT DA
ENEE BT DRSS HMICERE L, SO G
B LIS I BT 50, Ehdzic, THERIELIC K
LCurAx b (EfE) THhY, KoB IR THE 0
NERETHD.

BEHAIICIE, BEN —ETHNIZE v FlEEICHA LT
AEER & B8, BT, vy FEE T & B (Y
—RE—H) ORI RBEITE OIS BN SF, HiEd
S o TEHBE LTV, UL, v Ry b [HTHE)

% %
(a) state 1
(b) state 2
Fig.4 Fundamental States NANBA Walk and Run of
GENBE-No.4 with 10 freedom legs

['09-12-3~5, @i, > a1 vk« Y URP T L2009 (AR—Y TEL VRV T L) (VURVT L Ea—vy - XA F T R))

-137-



DF o & - FUREDE, By FEENELS o TR T RL—] ThhH. K6lT2oDRERTHS. 7%

Bt BN 250 0EETH, WIZEEDFIFICHE D0 HEEPRBRT LT R T TR — | ThD. ik 1(f08)
DX OIEY, W LAWTYE vy FHECE] L TR~ P HARAE 2(20)F T—H (ZOHLEITK 0.4 BHLIN) T&E
D, BREEZFECETCHmAERS WTBEIT 20038 X BThH R—LEDFAI LT HEST flS(EE TN T

DFFETH Y, BEiOAHR DI, Wh)e& f20 (FEJd 23 sz) oW (0.066 1) (2R — L% I
3. ZRARYMNBEEFEIOIFoGE-FUEY IDOKRL ADIE, ZOMOT 47y FEOE) X :t/J\focu\@T, i
—~DEH TIPEPEI N AR THERICAEO D70 v m N2k (GEfE)

FUNR L=, B Eh, #h s Jmic e CHEE A T Mo . WHE 1 BHTET L —F — DR
AT s, SEeRy b EEE) o [FrR. 7

(1) 000s 200 (2)0.10s 225 (3)0.20s f250 (4)0.30s f275

nearly state 1 nearly state 2
(5)0.40s £300 (6)050s f325 (70.60s f350 (8) 0.70s 375 Fig.6 Fundamental two states of NANBA
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Fig.5 Robust instantaneous NANBA volley of humanoid biped robot GENBE
No.4-2 based on distributed control of physical body in a martial art
utilizing instability.
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Fig.8 Fundamental two states of NANBA
Fore-Volley proposed by Kawazoe.
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Fig.7 Robust instantancous NANBA forehand-volley proposed by Kawazoe utilizing
instability, which uses only small active power.
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Fig.10 Fundamental two states of NANBA
Back-Volley proposed by Kawazoe.
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Fig.9 Robust instantancous NANBA backhand-volley proposed by Kawazoe
utilizing instability, which uses only small active power.
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Fig.11 NANBA Turn of Yoshinori KOHNO. It turns instantaneously 180 degrees in 0.5 seconds.
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Fig.13 Robust instantaneous NANBA TURN about body axis of humanoid biped robot GENBE No.4 utilizing instability, which uses only
small active power. It turns instantaneously 180 degrees in 0.7 seconds.
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Fig.14 Robust instantaneous NANBA TURN utilizing instability, which uses only small active power. It turns instantaneously 180 degrees in
0.7 seconds.
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Fig.15 Two states for robust instantancous NANBA
backhand-stroke of humanoid biped robot GENBE utilizing
instability, which uses only small active power. (250 fps)
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Fig.16 Robust instantaneous NANBA backhand-stroke of humanoid biped robot GENBE utilizing instability, which uses only small active

power. (250 fps)
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Fig.17 Three dimensional analysis of forehand strokes by top-pro Rojer Fedeler.
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Fig.18 Conventional forehand-stroke by KAWAZOE.
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(a) NANBA forehand stroke proposed by Kawazoe (Proto-typel)
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(b) NANBA forehand stroke proposed by Kawazoe (Proto-type 2)
Fig.19 Robust instantaneous NANBA forehand-stroke utilizing instability, which uses only small active power.
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Fig.20 Fundamental two states of NANBA Forehand strokes proposed by Kawazoe.
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