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How Should Be the Robot That Coexists with Nature, Life and Human
:Autonomous Shock Avoidance during Falling Down and
Instantaneous Rising of Biped Robot GENBE with Instability

Yoshihiko KAWAZOE*

* Saitama Institute of Technology, 1690 Fusaiji, Fukaya, Saitama 369-0293, Japan

ABSTRACT

It seems that the emergence of intelligence in an autonomous robot exists in the dexterity of
human or creatures as complex systems and the research style and the development procedure
along this approach should be necessary for realization of a real intelligent robot. This paper
realized the simple autonomous shock avoidance during falling down and instantaneous rising of
biped robot GENBE with Anti-ZMP based on distributed control of physical body in a martial art

utilizing instability.
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(a) Nearly State 1 (e)Nearly State 2
Fig.1 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN about body axis of humanoid
biped robot GENBE No.4 based on distributed control of physical body in a martial art utilizing instability with Anti-
ZMP, which uses only small active power. It turns instantaneously about 90 degrees per second.
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(t) =0.688 s (u) =0.860 s
(t) Nearly State 2

Fig.3 Emergence of a simple self-sustained humanlike robust instantaneous NANBA TURN about body axis of humanoid

biped robot GENBE No.4 based on distributed control of physical body in a martial art utilizing instability with Anti-

ZMP, which uses only small active power. It turns instantaneously about 180 degrees per second.
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Fig.4 Time historical turn angle during
instantaneous 180 degrees NANBA TURN
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(a) State 1(Left leg: front) (b) State 2 (Upright posture)

Fig.5 Fundamental two States of Right NANBA
TURN of small forward inclination with stride
70mm.

(a) State 1(Left leg: front)  (b) State 2 (Upright posture)

Fig.6 Fundamental two States of Right NANBA
TURN of small forward inclination with stride 97
mm.

@©t=660 (f)t=0.825s

Fig.7 Effect of stride on the turn angle: NANBA TURN (right turn) of small forward inclination

with stride 70mm.

(2)=0.396

(h)=0.462 (i)=0.528

(j)=0.594

Fig.8 Effect of stride on the turn angle: NANBA TURN (right turn) of small forward inclination
with stride 97mm.
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(t=0.726 (m)=0.759
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Fig.9 Turn angle vs. stride (O:average of 10
trials, Upper:Standard deviation, Lower:
Standard error)

(a) statel

(b) state2
Fig.10 Fundamental two states of 90 degrees
NANBA TURN (right turn) of large forward
inclination.
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Fig.12 Example of unrestricted various movement including NANBA TURN of humanoid biped robot
GENBE No.4 based on distributed control of physical body in a martial art utilizing instability.
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Fig.11 Effect of forward inclination on the
turn angle of NANBA TURN (right turn).
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d) t=5.22s (e) t=6.04 s (f) t=9.17 s (g) t=10.16 s

Fig.14 Obstacle (front wall) avoidance of humanoid biped robot GENBE No.5 using a conventional
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Fig.13 GENBE No.5 (Left) and Posiion Sensitive
Detector (Right).

(h) t=13.000 s

walking TURN. It turns about 90 degrees in 4~ 5 seconds.

(d) t=4.27 s (e)t=4.80 s

Fig.15 Obstacle (front wall) avoidance of humanoid biped robot GENBE No.5 using a simple
humanlike robust instantaneous NANBA TURN about body axis based on distributed control of
physical body in a martial art utilizing instability with Anti-ZMP, which uses only small active
power. It turns instantaneously about 90 degrees per second.

4. THARSELENEICKVER THLEED
BENEGEODEEE-BEZEAYVDOEEE
B IR

BRI e R v MZRD B D O IT s
ETIRCSBEMTHETH DN, BHEO
PIWT L IE R ICEE L v SRR A o i B e
oY ERELADbDE T RENINDOT, ZZ
TIXEEHER M E > PSD 25 H L7z

X 16 (X PSD & > ¥ & i I L 7= 5 ) )
5 Tod 5. PSD O BEA FEBER A E WO
T, AENEIxH T e < RPRERREEAZ FIH L
oo mAR Yy FOENIKRETORMERE x,
CHRBIRF ORI EEBE x o O BEHEZE (x1 —x2)
Ze wOEE & U C AR 1 B )R AT B o R Eh 5%
L. K17 &K 18 1%, =l

-17 -

() t=5.37 s (e) t=5.80s t=7.33 s

SA(Subsumption Architecture)(Z X % I 51| 4L
HEE LK ERZTHOLAREZ RS, EH
1T @) Upright posture( € 32 ) & Shock -
Avoid(Hiz 8] Ff oo 1l B [\l & 2 & 23V AT
a2 A LT 7o, EBAE R Shock -Avoid
WEET S .

B 19 13 v N E) &I E S < BB RO
B AR SR Do E BN TE oK
ARETHD. KREET : W & EE W,
TELHRTELEHZEAICHET. RE 2: &
EH#MITCFLEMOMBEZEST, HE#D
EHICFEMITLTEELO. RE 30
MBHDOETHLERTIZHE> T, K
E4: ELTHD.

20 1%, mAR Y RS LAMNDL RFEITH



ShTEE T L Ec, BEEZREL T
19 OREZEB ST T, ZHLEEX LR
DERBLLEMERTH D, (a) t=0.72s : £
DO LMD D, (b) t= 1.40s THEZH % R
Hi L Shock Avoid % BH#4s. (c)~(d) : B %
i LR E% A0 THREL OLE T
BEELZEL, EBHESAEETE=F —X
CPUODHEZB <72 ic K& Lo TH
MBHEHB D, (e) t=1.72s~(f) t=1.84 : FN
BHEEMT DL L BITTFEZATTITZE W TH

Side

o, (g) t= 2.00: FAEL T IR
B2OFLEOHBAMD THREFNLT
FOoFFEF—RICBEBETEND. BHBEFTHZ L&
Zuhy bBRRBEL, T0HEL THEME L,
HELThroREEHN D E TCORMIZEE
W25 BTHDH. K21 TIX, BABEHL

BRI BILFEODNT -RICEETHND.
LB FEOHE NG TH D, R AR L
ThHEEHNDETORRITHN 25 BT
H5D.

X1 /\ \% ']
O
X2 %
(a) Before falling down (b) after falling down

Fig.16 Detection of falling down using Position Sensitive Detector (PSD).
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Fig.17 Subsumption Architecture of GENBE No.5 with parallel modules of agents.
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Fig.18 Subsumption Architecture of GENBE No.5 with shock avoidance and instantaneous rising.
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(a) State 1 (throw back the head) (b) State 2 (crouching posture) (c) State 3 (rising posture) (d) State 4 (Upright)
Fig.19 Four states for realizing autonomous shock avoidance during falling down owing to being
pushed from backside and instantaneous rising of biped robot GENBE with Anti-ZMP based on

distributed control of physical body in a martial art utilizing instability.

@) t=0.72 s (b) =1.40 (d) =1.64

@ﬁﬁ @HM ﬂ .00 (h) t=2.08

(i) =2.24 o)rsoo (k) =3.16 () =380
Fig.20 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot
GENBE with Anti-ZMP based on distributed control of physical body in a martial art utilizing instability —
Part 1. It takes only 2.5 seconds.

©t=124s @Dt—136s

(1) =196 (]) 1—3 04s (k) 1—3 20s (1) t—3 72s
Fig.21 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot
GENBE with Anti-ZMP based on distributed control of physical body in a martial art utilizing instability —
Part2. It takes only 2.5 seconds.
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