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A Constructive Approach to the Principles of Emergence of Dexterity
in Sports and Robot Movement

Yoshihiko KAWAZOE, Yuto TAKANO, Masaki MITSUOKA and Masamichi NAKAGAWA

Saitama Institute of Technology. Graduate School of Engineering
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There is no robot around us in our society at the current stage and also there will be no robot in the future if we
define a robot as a machine working in the arena of offices, homes, and disaster sites, etc. outside the factories and if we
continue the present conventional research and development style in robot projects. Also in sports, moving body parts
around a fixed joint is very popular, but it seems to limit one's power, whereas more power can be generated and the
strain on the body is lessen by using the entire body without twisting motion and not resorting to just the fixed joint.
This paper proposed the approach for realization of robust physical movements based on distributed control of physical
body in humanoid biped robots and in sports, which uses only small active power making full use of equilibrium
instability as a source of driving force with simple state transition. Making postures simultaneously by using the entire
body produces natural movements. It can be applied to movement of physically handicapped person, rehabilitation,

sports, and so on.
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Fig.1 Right side step with kick of ground by left leg.(250 fps)
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Fig.2 NANBA side-step of humanoid biped robot, which uses only small active power.
Right side step without kick of ground. (250 fps)

State 1 State 2 State 1 State 2

Fig.3 Two states of right side step with kick of ground Fig.4 Two states of right side step without kick of ground

Fig.5 Side step without kick during backhand stroke by K. Rosewall '
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Fig.6 Proposed nonlinear optimal control applied to humanoid biped robot walking.
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Fig.7 Example of nonlinear optimal control by Rufus Oldenburger.
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Fig.8 Servomotors configuration and the State of right side step using instability without kick of ground
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Fig.9 Measured operaring characteristics vs. operating time setting for objective operating angle of 90 de-grees.
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Fig.10 Measured operaring characteristics vs. operating time setting for objective operating angle of 180 degrees.

Statel State2 State3 State4
Fig.11 Four States of NANBA Walk and Run of biped robot with 10 freedom legs (GENBE - No.4-2007)
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Fig.12 State transition from State 2 (Statically stable) to State 3 (Statically unstable), falling down to the ground.
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Fig.13 NANBA dash  (36.5 cm/s, 6.58 steps/s) of.biped robot (GENBE No.4-2007). It takes only 0.3 seconds for 2 steps.
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Fig.14 Forward speed vs pitch speed of biped robot. ~ Fig.15 Difference between States of program and actual movement.
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Fig.16 Forward leaning angle vs Time setting Fig.17 Stride vs. Time setting
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THZEIZEY, K19 DXL, DFETECT NI BEEORE WA —Ny N EETGRITHRS ZENTES.,
BEERIN K E S THlo D R0 F W —Xy b ETOBTRI 19(), BEED/NE < TE D LT WVIR TOSR TR
19b)TH 0, VRIEIR U THEE CRiET 5.

=0.000[s] =0.100[s] (t=0.188]s]) =0.200[s] (t=0.248[s]) =0.300[s] =0.400[s] (t=0.488]s]) =0.500[s] (t=0.568]s]) (t=0.596]s])

Nearly State 0 Nearly State 1 Nearly State 2 Nearly State 3 Nearly State 4 Nearly State 5 Nearly State 6
(a) on the carpet with large friction

43833338888

=0.000]s] =0.100[s]  (¢=0.188[s])  t=0.200[s]  (t=0.268[s])  (t=0.296[s])  t=0.300]s] =0.400[s]  (t=0.488[s])  =0.500[s] (t=0.564[s])  (t=0.596[s])

Nearly State 0 Nearly State 1 Nearly State 2 Nearly State 3 Nearly State 4 Nearly State 5 Nearly State 6
(b) On the desk with slippery surface
Fig.19 Robustness of humanoid biped robot who walks and runs everywhere (GENBE-2008)
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(c) State 3 (rising posture) (d) State 4 (Upright)

I Servo motor I

1)
S :Shock Avoid > Upright Posture

® (€

Fig.20 Four states (a)-(d) for realizing autonomous shock avoidance during falling down owing to being pushed from
backside and instantancous rising of biped robot based on distributed control of physical body. (g): Subsumption
Architecture.

I

@E068s  (b)EL12s  (©tF124s  ()=136s () =152

PRraay

(@t=1.76s  (h)t=1.88s  ()t=1.96s  (j)=3.04s k) t=320s  ()t=3.72s
Fig.21 Simple autonomous shock avoidance during falling down and instantaneous rising of biped robot GENBE-No.5-2005
utilizing instability. It takes only 2.5 seconds.

State 1 State 2 - State 3 State 4 State 5 State 6
Fig.22 Six states of GENBE-No.4 with 10 freedom legs for going up the stairs (GENBE-N0.4-2006) .

0 t=4.33s (m) t=4.66 ©t=5.33s () t=5.66 5
Fig.23 Going up the stairs of Biped robot with 10 freedom legs (GENBE-No0.4-2006) .
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(c)t 0.990 s @t= -1.254s

front view  side view front view  side view

I( (©)t=1815s Ht=2.013s @t=2.l785 (h)t=2343s
(f) nearly statel
4 P L gy : -+ -
| it | . 1 .5 i

front view  side view front view  side view i § . :
(a) state 1 (b) state 2 (i) t=2.508 5 () t=2.673s (k) t=2.838's o (1)173.003s2
. nearly state’
Fig.24 Two states of 180 degrees NANBA TURN. : .

Fig.25 NANBA TURN based on distributed control of physical
body. It turns instantaneously 180 degrees per second.

(p)-t=0.4';0 s (q) t-=0.5; s (r) =0.574 s (s t=0.634 s
Fig.26 NANBA TURN based on distributed control of physical body. It turns instantaneously 180 degrees per second.
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H, BN KB ~DERNZFIH LT D, X281%, [T ] 76 [H55RE) 2 To MEE B2y |
DFEETH L. WIET] 25 THORE] ~OB &S, MAMEX L THOEED 2R L THEZMEIT 16 5
DIRENAIE ST B0,

-
-~ ! ¥/
el /e i /

-4 e E

(a)t=0.48s (b)t=0.60s (0)t=0.72s (d)t=0.84s (e)t=0.96s (H)t=1.08s (g)t—l 20s
(a)Nearly State3 (c)Nearly State4 (e)Nearly State5
(h)t=1.32s ()t=1.44s (§)=1.56s kyt=1. 68s De=1. 80s (m)t—l 92s (n)r2 04s
(j)Nearly State6 (n)Nearly State7

Fig.27 From prone position to rising up using gravitational force.
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(a) t=0.00s (b) t=1.00s (¢) t=2.00s (d) t=3.00s (e) t=4.00s (f) =5.00s (g) t=6.00s

(h) t=7.00s

(i) =8.00s  (j) t=9.00s (k) =10.00s () t=11.00s  (m)t=12.00s  (n) t=13.00s (o) =14.00s (p) t=15.00s
Fig.28 From face up position to prone position and rising up using gravitational force.

291%, rYxy MMHREIBTA/NEZEBM TR Y MZEXDE—FT 77 v 7B B 5771
Ry MUZRENE OERMGI AT, 2 o B ASTENTERIERE) S OfiliE & EERSE k) X 5.

t=38.57s t=38.77s t=3897s t=39.17s t=3937s
(a) Walking with Ssteps per second

s

0.000s 0333s 0.667 s ) 0.999s

1.67s 2.00s

o

3335 3665 3995 4335 466
(b) Falling down the beach flag pole in acrobatical way

[ Battery ]—bl SitOntheFIoor}
[ Sensors ]——Dl Rising

© (d)
Fig.29 Presentation of autonomous robot behavior in the beach flag robot contest in a class.
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TN ZFATHOT, OB B 7200,

311E, 7= AL —TIZBWTHAERREN ) —F v F - =22 WML & & OFE~OREE DR

AR, BE MDD L X ITER TS ENENK->TRY, AZ =L D LENRTHS.

NTEEDWERD 7 TN R, K331 CHEL TWOZRWY) EFIMRET DTN T T AV R,
341 2 SORFEX TH 50, HAREEREZFRREFIENCEI) T Z LIk 0 FHTHI i<, ENTHLAAS T
L, BELLTV. R LIFHFETL—Y—DR—LOFESCEREIC L VIRED, RE21ZE 212D
T2V E S TIRED DT, R—IVEMNATe X A 2 7T EERTIUE L. K35 134 —T U AZ U AND

D7 F TN ROBETHD.

o g o L]
(2)t=0.00s  (b)t=0.08s (c)t=0.16s (d)t=0.24s (e)t=0.32s (f)t=0.40s (g)t=0.48s
(a) State3 (g) Stated

Fig.30 Robust NANBA backhand-stroke of biped robot , which uses only small active power. (250 fps)

0.199s 0233s 0.266 s 0299 s 0.333s 0.366 s

(a)

0.067 s 0.100 s 0.133 s 0.166 s

0.233s 0.266 s 0.299 s 0.333s

(b)
Fig.31 Side step during receive a served ball by T. Suzuki.

0.0s 0.1s 02s 03s 0.4s 0.5s 0.6s
Fig.32 Conventional forehand-stroke by KAWAZOE.
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(a) NANBA forehand stroke proposed by Kawazoe (Proto- typel)
(b) NANBA forehand stroke proposed by Kawazoe (Proto-type 2)
Fig.33 Robust instantaneous NANBA forehand-stroke utilizing instability, which uses only small active power.
nearly state 1 nearly state 2 nearly state 1 nearly state 2
(a) (Proto-typel) (b) (Proto-type 2)
0.0s 0.1s 02s 03s 04s 0.5s

0.0s 0.1s 02s 03s 0.4s
0.1s 02s 03s 04s
E h
Fig.34 Two states of NANBA Forehand strokes proposed by Kawazoe.
Fig.35 Open stance NANBA forehand-stroke proposed by Kawazoe, which uses only small active power.

. b P /.' ’ P
@)t=0000s (b)t=00627s (c)t=0.0990s (d)t=0.125s (e)t=0.L.82s  (f)t=0.201s

Fig.36 Forehand-stroke during receive a served ball by K. Date Krumm.
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