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ABSTRACT

We proposed the concept of Human-Robotics, where robots and engineers should learn and develop
in collaboration with each other in the real world on the basis of the dexterity of nature, life and human.
We showed as the case studies the simple self-sustained humanlike robust walking & running &
instantaneous turn NANBA of humanoid biped robot GENBE based on distributed control of physical
body in a martial art utilizing instability without ZMP (Zero Moment Point) control, which uses only small
active power with simple chaotic limit cycle utilizing instability, further developing into autonomous
shock avoidance during falling down owing to being pushed from backside and instantaneous rising.
Instability makes the natural movement. We also showed the case study of an autonomous robot without
SMPA (Sense- Model- Plan- Act) framework. It is based on the development of human's dexterity or
proficient skills with Subsumption Architecture (SA) by learning in the real world.
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LML, 27 - @lfbttSiciff s s —exmeRy MONMER Ry MY, Fx OFFICAAE L THIZ
B1< (REROMR &I TEMICE D) ARy FEERTH20IE, BREOHEICL» DL, Tk
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oRy beF7Z7 /0y RT) EWHIHEZBHICTSEZ ENEW. ABEERO Ry FOERIIMAYIZHLD
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FRELBRR K EDL LW Z & 2E X, FHERIITAEM (e : X DH871) OMRD THUINRE
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2L DM EREZHELPL TR Y0V 27 FELTRBBEENTEZAADE 22—~ /4 K- Ry b
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TR RICHLBFH S NBD - L9 KR H 20, FEFDICHEMEIN TS X IIT R0,
12050 A2V —/b R v FANEF— LD 0D BEZ DT THAROMIEE DRETHE STt 2 —
~ /A RK-uaRlhy THRERSZICEBNT, aFaFHEOoaRy NBEANXANKEEET 805 5RO
T, EMFEFEN Ry MIBENEZD ELEEZD T 3DEFAREMO THE LW LML TV 5.
LML, =& 2 BAEER O 2050 272 LT, HAVTEEARNZ—ETZLELTYH, vdhy bO
XIS LFRIETEY 72 <, Ry NMERFENFRFOMPI R v bA~OHFREN HIXIE EE . RANE DN
FZAT HILTWRWIRY, EEOWFRIIMEE Y L5878, Ax B b T 28 MR, B -
e HEICEIX A D Z ENTERVE Y e Ry ML, ARET LV LREHB L ESRTHY, BZE
KT D EIIARARETHAH. v Ry hOBETHS. BkoaRy MIERBEOEEZEZX2WRD, FTx D
FELeBEMARTHC oAy hOEIUIARAGETH A H[1].
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THONTEHL ARy FOFEBITIE, vaRy MCHLERFFEICOEIGME « ZRERRDOND. AExPr
N DILH S DI EE DB GEOBAN DB 5 &, BIERBINTWDHEER AR v MEFRIZH T 2 AED
RRMaERT A RRAXTKRD., BR AW & hoRTEHS v Ry MIBAKR - AZH - & bD
T S DFEFEIZF 5 LORWO[1]. fE3k D SMPA(Sense -Model -Plan -Act) <> ZMP(Zero Moment Point) il #1112 J&
S aRy hOEEEICBIT ARG KETERL, AMEERO Ry NOBEERE - AT RO Ry
MR THDIL, FHELERAR Y PEPHIZRFICHRZEL TV EWVD Tba—<r - -vhy NE| &
PEET A, FHHRFZELE LT, REEEZAMATA EuRy NOBEEOE X DA L ElEEr T 5 EEY % (42
Bz (0.5FC) EHEETHBE AR Y MERBINTSH.

22 FAREZFATHS-_EORVFOBHEDOBZTDERK

22X, vy hOZRBITIIEDOOTHLWESbNTE., LML, “2udry hoBxoED X
ARBIZEHELWEA 90, B MIETHLEHICHWEZDESTD T 5.

Fig.l 1%, AMA XL —% DOFIC L HENROLEHIEIZ I TEHEB D ZMP N 7= H) 7 Wil T h
D, WICHEEISEST L) ET5. ZOFNL—F [ THE AR IR LA, fER, 60 BRIOLZEIIZE
S o7, Fig2 1IAREEZFA LI r8Eitic X 2 RIS & O fT2 ER TR L TV & REICHE)
ENEENTRY, BISEBIIFHIEL TWAEOICAZD. L LERLELTHWADOTIERL, #Hx /)< 8)
WTED, ZHUBABONALSH DVIEB TSI LTV N2 "MEEZ L SEBTHY, ARMA —En
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RNy b NI (Fig3, Figd) OBTREITH 5. BINBORTT ~OBE A IS C THBEOME Z
LENIBRIIN S TN DIRIFEEDOERB THITICED. NEEREHEE 2ELDTH Y, EROHUN

Fig.1 Stablllzmg behavior similar to ZMP control

(NRO1) seems not to become skillful. B -
ﬂ ~ (b)state 2

Fig.2 Stabilizing behavmr utlhzlng 1nstab111ty develops Fig.4 Fundamental States of NANBA Walking of
from baby walk into NANBA running of biped robot GENBE- No.4 with 10 freedom legs.
GENBE.

(a) State 1

i}

Front view Slde view  Front view Side view

] (b) State 2 ) (a) statel (b) state2
Fig.3 Fundamental States of NANBA Walking of Fig.5 Fundamental two states of 180 degrees NANBA
GENBE- No.2 with 6 freedom legs. TURN.

(1) £ =3.003

(k) t = 2.838

Gt= 73

8
Fig.6 Emergence of a simple self-sustained humanhke robust instantaneous NANBA TURN of humanoid
biped robot GENBE No.4. It turns instantaneously 180 degrees per second.

(g)t=2.

(a) t=0.68 s (b)t=1.12

(h) t=1.88 (1) =1.96 (§) t=3.04 (k) t=3.20 D =3.72s
Fig.7 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 2. It takes only 2.5 seconds.
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EEROMBICHIE & IIAREHNC R/ D, Figd, Figd TiX, =Ry MIFMEZE TR A T CRIEMOE 2 1F
5L, BARICHTHICEN T EEMT 5. RLEXFIMT 5 GERIBHRIENC L 2) AR e Ry b T
Feflif) OF R ST THT - EATIE, BE) EHIEIC K VB S ekb TR Iy MY A S
Ve T RT72—ThY, AEOFEENFARETH Y, MO TN M ThDH[1].

Fig.5 1%, —WB%T 180 FED H MR A T2 [FonN ¥ =) 2ERT 00— >ORETHD. i
IR H U CRME TAMICE O 2R RE CRB 1) 22O FAMARNICH L72RE (K& 2) ITEBT
52Tk, ZOSTOBRRINZ: 180 FE T AERH Figo O X 9 ICHHT 5. HITLCE o %
—5UZ 1 FPLL T OREE CTHIAER TEX 5. & HITFig7 1%, B8RO LALLM IS T ~afE+ 5 & X
(ZHERBIRF OB 2 /NS5 80 T MR E & LB OH R EASEIE O AFMREETH
L. B —IC R VIBEAZRT S L, IRE1ORE4 ET (KITER) —<UTEETS.

23 BERELICLSRHEEEBEDRYE

OIEME A RO ARy ME, REBICREAD A EL &, B L~LofTE) (AfFTEN e &) 23k L
Th, T~V oOfTH) (EEDRGE, AR L) NETIN, BRIzl eENnTE 5.
ANHID X5 2 BHFEEY & 30 THMRNIZEEY ZBEEL 2235 CCD A T TR L BEDIRVERS A %
A5 &) BHRVITHE), E618, WIZR-7c ZODOHA R ERNER D X 5 2 BME7R RIEBR D BR BT 2 #E
Lo &g, FEHOUEHEIZ LV LWERITHZEA2 LT TS, &1, WA — FTHEILL
TL ZEEY (FRTIIEEN > T 53 b —R—
V) ZlEE L7228 b0 HEYTE) (BERFR) BT L
WERTEN 2B L CTHA LD 2 & (AEEE
k) ICkvEBE L (Fig8) . REMDOIL CTHlE - = & e

El = N RELS A~ - 24 t=10s 1335 t=167s =205
ijﬁﬁ% Ei 7(%;\;2)/ Emg?‘;ﬁ%z % i/lo_ gg Fig.8 Avoidance (0.5 s) of Mobile Robot 2004

R PR ’ N 7MT#\ against an approaching high speed ball during
LCRA LIFH 2 L2k ) (BEMEL) , B earching for Red color.

BER T 2 MEEY A 05 B CREUZ[EEET 5.
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BARHAARANOLHIZEH D REE R FEE - FE SRS ER L T s 2], TR0 REE Lo
LPED KL 53+ 300 F 2 (BkN) A HE > THENTWAEKFIOBEERNHLHLEEH. bOEZHI LWV T-
HHIZAZ 28X CTH, EFRICHFIE, S@EOANOMGELOEIZHTL0THS. [KkE EFITHES =
ETIRERIZH Y 72K 720, HDIRENLRIOREIC —RIZELT 22 N TE D X HicianiE, K&
I AL, FIRFHCEI D, THRIZEZE e ERICEDEDL LR 720I2HbDHDTH
ST, £I)LEBIENRARLEFTOTEDIL, RERFIHANONTN K92 M b—=u T3 _&E )
ERRTWVER, HREV—RE—X ICEZHBEIIE, FSICALEERFMATS EaoRy b (2.2 )
DEHETEHEOEEOARFHTHS.

KB %, [EFE, B, PR, S LFEC—#B TR, MEESZ LMoL ), Rke+52
EHLED TANEEZ TV ZODEDFENT 22500 ] & L CEREE I CRAAT R & 7280
IHBORRMIL, KBEZ2ERT 4 7 ACZOEFEEEIMIDHIENTEDL. TLES—ATYH, BA D
IR Z A LIV, BIAENRESINTHDEDICXK LT, BROFTlFEA TWHIIE, DL
HFNLEIRT 20 TR, =LA TIIELNRWEROREBRN D D Lk Tnb., BRI, —&ZHO
ETHV, FROZMARMENTCHMARTE 2 A0 L THE S Z oo 257 Tns. 51, ARk
X, SESERFECENT I ENTELN, —BEIHLOBRNERERL NS LORHH-T, SETH,
FICH U TEREICR S Ko REEIL, HEOEWRICITHEDT, KIS b BREREEZFES LW .
KEIREEBFETHZENHERA 1 HEBLUTOFM LI TV RN L HBENMETHY - & 21T/
B b, IZE ST, KxREBEOESCEAR EEBIET L, —HRESTZHBOREICR D 13T L HEy
RIFWo. vRy NOEE - 98 - BRICOWTHLE o< FAETHA ).

4. %

PEFeD SMPA HilFHI<> ZMP I L2 v A v h OFERRICB T 2 AREM e KipxEwRk LT TeRy b
BLO MlaRy b2 N2 HRICAESIERD 2D, Hox - BER#ELZEE LT, ®itd (B8)
taRy b RboA) ENRHICKREBICREL W KO REMEEAL L, BR-AEEW - b bOIHR
SISV T T v a VMR OMEREZERL, (ta—~r - afRy hE| LS L 2RE
L, ZOFEFEFN LIz, vRy MORFMTEETIZEIIARARETHY, TBEHIELZLZDHLDIZ
D] EWVWIHILEIL, ba—~ vy u0Rhy FREICHESE LU TITES.
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