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Graduate School of Engineering, Utsunomiya University
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1 EC&IC

YO gRAZEED, HEORBPMBEHETHL E, ECCRAIFEO—BPF—BOLAFIIAN
T3 Z5LEME - BRA AT I AORIICEIITIE, HH5, BMEBERY (1) OTFICBNTHRHAN
TR BMENT & /. ZORML LT, XENET I/ A/NEBHEET IV TRRT 58E L,
BEYNET 5 EIREIRAETCIDMRAINS. 5, TRCEZETHIE, BHUOMEMENEHO Ry b
OHRBIcHLONBA 2], ST, FTicoRy MEKOKRAFEZMAT 5MHF L, Boh iz ERIC
HBELEHOERBIZ, KBHEOHZRLED, FTOIBEIIELHRT I LRLTLEBR TR,

2T CAHATIR, M EOHRINZRIIEE LT, BEEADIERENLHESHE LIBROEEERL XS
SN EHEETFVEEZS (3, 4. FDEHD 1 DOAEMG&FIE LT, PDHEICX > THEIRELE N2
BOERTAMEY D IRA L, BEENRFETNVERRET 3 3. COETFNVOYMBEEECOVT, ¥
¥, PRADOEKS KA D THMSRE B /85 A—2ERHOEELEFELMCTS. COBRFENTIS I 42
VZHACHEMME R DT L, HERTRITICK > THNDS. 5, MBEETFNVDA VNV AGEE, B
MY aO—SORRTEELENS, BEENRFORRF (Z—Yz VM)A, BVWORELIGAERS
FeIATHEL 5 2RO RGFIZRT [4].

U EDORRTIX, REWL LTIRNX PDHEBERELED, Ric, ThiEoa—of@BicleRi
IRAOIEZMRTS. £9, L FOTRMBEREOREERLNICLIERT B LI’MLGNTNS, T
YELTAOBNRMT + — KRy JHIEEER 5] EAVW MM I 2L—a VRERETRT. EHIC, YIa
L—2 OB v FORMIEGERFEIC Rl 202 ek, FRERKVORRIREMBL, L FOTH
HERFURRR 2 WA X B TS OB O RERKT 5.

2 HALBWMOMME T
2.1 HREEIUIEFETIV

BN X RRBOTRICHBEHEERT, BUEZHRBTIHS V) EHIERFLVIN, SZiRFIZE MR
DI BBHBORBEMET VL TLLERAETNTVWS. TS5 LEEEFELY M, 1 O FOHEFEN
BREHSRBORMEMET LV EZBR LIV, FORDHICERER, M1ICRTES5%, BEELRT (CIP:
coupled inverted pendula) EF/IVERKT S [3,4]. TOEFIVIE, A; 2#EH, B, kT 73 280% %k
BISTIRF AB; (1 = 1,2) D%kik%E, Wik > BB, THEL4 R b3 FBHEA ICEX5WEN
U; E’.

u; = ufd :=r(Ksin8; + Lf; cos8;) (i=1,2) (1)

EBL T LT, BHA, LIEF B, D/KKFEAHBMOHENEAMICBT S PD H#@E2{T4%5. O PD H#ESRX, &RF
DLEFEHRR L FTEAPMCHHREHEHERETIOT, | > 2r ORFTTCHEY RS AV K, L 2BRL, RiRT
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1: Coupled inverted pendula model of competi- 2: Penalty-based spring-and-damper method for
tion and cooperation. the coupled inverted pendula model.

DLEFERETRERIZ, ETOEBERIIBNT, KEPHRICKS, Thbs, K1ORREFLCE, 4K
¥ (61,6;) = (0,0), (0,7), (,0), (m,7) B3 4 BEFEMY (quadra-stability) HBh 3.
HPERITHIET 5 CIP DR (0,,60,) %, AHETIE, KDL S ZHRTET 4. COHREL &LIC, CIP

# 1. Ecological analogue of the quadrastability.

, 9,‘ =0 ﬁm 9,‘ =7 Eﬁj
& :=(0,0) 75T (draw) S & i=(0,7) EDBF (left-win)

§s = (r,0) BDBFI (right-win) | & := (m,7) BN (scramble)

DEFET (T—Tz ¥ M)A, EOOME L BRDHICITELS 2MRE MR L, EFEONMREMIC LR
RSB L DI A F I 7 ARBAT BT LD TES [4).

2.2 RFIFa—3&

1 DHFETNVOERSERT, MOREO5ER (DAE) Lx2H, FOMBHMEIRBRcHS.
T T, NPT 1% (penalty method) ic &> T, DAE L&z MM AERLML [4). 20OHic, 1
DY Y7 BB, i X 3R E, BMULERE L Didh - FoRicksRlmiicE2misL, KonkS5h
BESEFVIMBONS. TORUEFIVOXZEABRGEROUMISBRL %5 DT, DAE OMEREDR
BENERENS. RRHROITREY L RBERED T KZ VL 2, SENEFVIZTOEFNVOERE X {
BHTS. KB, K2 0—RLEEE g = (21,61,22,0;)T eR L LI L ED, SH5UY10@MABRI,
RDE S IGBABOBMAABRRAR LS.

N | Ho(8:) 2H,(6:)(1 - lo)
T+ Cri = “mwx + Gz(gz) + Ci (_1)]- 2 + K (_1)_1' 1 ) | (2)
. . 3 . , . —

B+ Cobly = 2S94 Go(0,) + €, L0 g 2Ho@)—ko) (., o

mrQ(6;) (-1)7-22 (-1)7-1
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6,(0)
6,(0)

- 0 91 (o) T - 0 91 (0) n - 0 91 (0) T
(a) K =100, L = 10 (b) K =100, L = 4 (c) K =100, L =2

-0.4 162 f
S e

& &

-2 -1.7
0.4 6:(0) 2 0.5 61(0) 0.58
(¢') K =100, L = 2 (") K =100, L = 2

3: Initial angles (6;(0), 2(0)) belonging to the equilibria & (k = 1,2, 3,4) for z;(0) = %;(0) = 6;(0) = 0
(i = 1,2), and z2(0) > z;(0). White, red (dark-gray), blue (light-gray), and black regions represent the
initial angles belonging to the draw, left-win, right-win, and scramble equalibria respectively.

ferEL, ‘
l=+(AX)2+ (AY)?, I' :=dl/dt, AX = (x2 — z,) + r(sinf; — sinb;), AY = r(cosf; — cosb;),
25sin O(g cos 8 — r62) _ 2sinf(—2g + 162 cos 0)

Q(6) :=cos26 -3, G:(8):= o0 , Ge(8):= 2l0) , 3)
._ 8in@(AY cosf + AX sin8) . AXcosf —2AY sin 6
H6) = mQ() R )

LW C,p, Coid zi, 6; AADEHREHEBRE, C, K, 3RV > BB, DEEER L IThEHREET.

X (2) 2R 1 OMFETF VL LTRAT 3L 2R, RFIVFA—HBDRGA-2 K, C %, V7 BB %
WAL T BREERESEBR LIV S IGRESENSHS. XHTIIBRNIC K, =5x 104, C, =3D%ZHA
WA, BRI A—RIX, m=Ilg=1, r=03, C, =Cp =0.1 &L, EEMDITIX 4 RD Runge-Kutta i&
ERWE., OB T Yy id2x 1073 & L.

2.3 BHELEOFENS

BIEREHD S B TEWR & (k = 1,2,3,4) NESHMHME (0:(0),02(0)) DMEEBADITI LIt DE, B3 ITR
T, AR [, 7] x [—7, 7] ZHEIW L= 500 x 500 DERZMETF LICKERUE. FofoO&ET
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a0®®
6 r . Pl 6 JURNCETE 4 6
£ £
4l 4 4
3 s 3 . . 3 : -
-2 -1.5 -1 -0.5 0 -2 -1.5 -1 0.5 0 -2 -1.5 -1 -0.5 0
logqor logyqr log4q7
(a) Draw (for &) (b) Left-win (for &;) (¢) Scramble (for &;)

4: Correlation integrals C, and their linear parts of the basin of attractions in B4 3 (¢’), belonging to the
draw {; as white (a), left-win £; as red (dark-gray) (b), and scramble &4 as black (c) respectively.

#& 2: Correlation dimensions from Fig. 4.
Draw | Left-win | Scramble

D, 1.91 1.83 1.90
Area | 20.7% | 10.0% 59.3%

21(0) = 1(0) = $2(0) = 6,(0) = 6,(0) = 0 & L, #HRRI=T 2,(0) BED BBEC 2,(0) > =, (0) ZIRE L 7=,
BOBEAZ I & RS BHME, BOFEAREN ¢, 1ICRT 3 08ME, 7R (RIK) DTS EDOBH £, ic
R3S HFE, B (BIK) OREHSE OB & ICRT 3 TETH 3.

K3 (a) @PDFA YA K =100, L = 10 DEXDRERTHS. WHIES (6,0), 62(0)) ICIBLT, 3%
i, EOBF, A0, HEND 4 RBOLSTICBRTETH S EHTh 5. BEBTIRFOLEANHE
A5, ERO1(0) +62(0) =0 ICBIL THIFERERMBONATVS. 5, 4 RBOLTICHET 3 ROGE
B 01,0, ~ n/4 DIBEICHBETES. ChOBHERDEL TR, IHEBOMIREEICE->T, 2TOYH
RENBITTE 3B,

3 (b) iRMAF A LERUT, K = 100, L=4 & L7 L 2DRRTHS. HOBK (¢, 5I1020F) olﬁﬂl
BRIz, OB IS ERMNICBETSE5IChS. MOFA Y LEELICKUT, K=100,L=2&L7zL
SO/RY, K3 (c) TH3. ROB|E (&, #BO) AL, BIIBOEMBESEELLTVS. F3 (o)
D—EEHAR LI D% (') 1z, EHICKELHTALIEBDR () IKFRT. UHERESROZRERESYT
L7z 500 x 500 DEZMF LicKERU . K3 () DFREHEIZ 0.1 rad BETH N, TOLSBNAERX
TNVEBOTE, BIIBOEEBESEDHoN0S. UL, K3 D(c) & (), 1’64‘.0’ (€) & (c”) DM 5
COBRGIHOERMBES HCHUERET B L HBEIS.

&3 (¢') DEBE U DO TRDIAWNS C, £, K4 ITRT. K4 D (a) i2E (&, 5IM), (b) id5 (i
R) (&2, EDBF), (c) ZR (&, RBN) CNITBZRRTHS. EFNVOEENHEICKD, & (HK) (&, &
DREF) DRI (MK) & AR HEBTS. RPOBERIEL, BCHUENEET IR — IO
BICHIEL, EMREBOBEHIHHBIRT D, 25X 3. 85N/ D, DE%RE 2 ICRY. EOFERIIES () Icds
WTERRS A LD 2ERMOMSTHS. HERT D, Oz, WIFht 1855 1.9 FiRDOIEREMES L b,
3 () CBIBBRIIFEOERMEN TS 7 2 IVNTHZT LA, ERNCETIT SN :

BBIC, M4 ICERTRLUE C, DEBEORBICHET S L, BEMEOTRIZ, 2% 24 1072 rad ~ 0.57
deg BEICETRATVS. CORRIE, TORF— LU EDORARTIHEBELER S L, BRESLONE
WARHEE L X B AREE R R L TV 5.
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- 0 64(0) n

5: Experimental setup of the cou-

6: Experimental basins of attrac-

pled bistable pendula. tion of the four equilibriums.

2.4 RAMRERTORR

HHIINEBT 35, BERFROCT S LI-VIMEEEFEERL, BRNCLXSERINS (6. MDD, PD
FEE ) NRETEIRBr ORTF Iy Ve, BUEDLORF VY v VICRERX AL ERT 2 HIVE
L7=. BRERSICRYT. BEAILICED LTREAVREFERE ZEIRNEERTOZ 26, ATV VT
QENLTEML—NLELICREL, BEFORBERTY VF@QENLTY Y /BETRELTVS. K6
2, BIRFEVRAE (61(0),0:(0)) OMIERENSFHRLILL ZICHRL - PHREAINILIRTHS. ¥
B EIL 10 BEEHRDSTOEAERT L LT (36x36=1296). BUEFHMICKBR 3 (c) ICHBIL Tz, ERMAYX
TEOMENRATL NS,

3 GBIriRF ORI

CCETICRTERESIC, BABEFEFIZ 4 DOFMAREETS. choPRAEEET 3 PD &l
HEBETHE, FRAEVOBIAFHIFBANZ LRE T AREFBEBICK > T, E5OBIIIRFON
Mt BT 5.

3.1 HIEHBDT 71K

X (1) DPD HEBEBRTROFBAHLEAL, ChEERTAC LICL> T LMOHBELBS 5%
EXD. FTORDOBEBRLLT, BBAH w (i=1,2) DF 71 VER,

oi(u;) := aius + G (i=1,2). (4)

BEZD. Mo, DIV—IVIZXY [a;, Bi]) WEDBDT, 0; = (ay, 8] LS KECEWAT . HFELMRIZd = [1,0]
B3,

3.2 HATHRR
XY, B8 u, ORICA VIV AANZNGETIER,
O] = 04 i= [1, P16(t)], O = id, (5)

BEXD., TRHBOHEE ) 1T,
v = o,(uf?) = uP? + P14(2) (6)
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B 7: Equilibrium switching caused by the unilateral impulse P, #0, P, =0 for K =100, L =10.

04
50 3
0.2 } o
0 8 o
180 ™~ Ot
1
‘ 6 02 ¢
-3
§o -0.4
8 06 04 02 0 02 04 06 08
1t . : i X—(x+x,)2
0 0.5 1 1.5 2

Bl 9: Motion under the sacrifice strategy only, for
B 8: Equilibrium switching under the sacrifice strat- (P1, P;) = (10,0). The black circles represent the
egy only, for (P, P;) = (10,0). initial position.

CBITB. &(5INT)) RABARRL LT, BRBROMBANDERT 2 LHSER 7ICRT. COMRED, «
YIOVRHE P OBUAICED, STORERCBITTETED, B#fio, IFHARYOBR 3 -WEED
—flEEXTW5S.

B 70D SICBRET BRMF (P = 10) K BT B EARFOBGBA DML 2K 8 ic, ST 3EBTLER
9ITIRY. TORMKTIX, BEMICA I/ OVAEZEIME Ni-EIRT A;B, %, 3176, =0 D SIrflicHBT B
A, EREA IV AR IDNEIRTF ApB, 133741 6 = 0 Hh i 0 = ICHERBL TV,

COBBILEE, EART (T—Y 1> b) ONMEMICHI R TERT 3 L BB, $hbb, EIRF A1B,
BEHSREBANIC NS Y REMT T Lick>T, BSRIMICHML, SBEFEOERT ALB, £ESICMNT
W5, ZOHRICHEUT, BRENEERFOMBEAS o, = o1(w1) 2, ERFO BTHER LBFT2
T Licd 3.

3.3 BAOMRBICLZRE

ERTORTHEMRE o) =01 (v)) BBAL LT, GRFVBREIET 5705 3 LRNEO—F &
LT, ROEREETS.

. 0 1 <t< ity !
oL = ld’ 02 = Oy = [U(tl’ t2; t)’ 0]’ U(tla t2; t) = ’ (7)
1 otherwise.

Boni-fmEAS,
uy = oy (uB?) = U(ty, t2; t)ub?, (8)
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I : : 50
uy=0
3 -50
04 b= . .
P 06 04 02 0 02 04 06 0.8
;1 ) X—(xl+x2)ﬂ
1.5 2

t
11: Motion under the suspension strategy for

10: Equilibrium switching under the suspension (t1,t2) = (0.1,0.4) together with the sacrifice strat-
strategy for (t1,t2) = (0.1,0.4) together with the egy for (P, P;) = (10,0). The black circles represent
sacrifice strategy for (Py, P;) = (10,0). the initial position.

2, Kt <t<t, DATIXEBOPD 2> ba—S5L LTEHBE, REANTRHABILETS. ThEEIR
FABickD THAMRE) LPHZS.

EORTHER L, GORIEBREESETZL EDOBBADORKHETEEZK 10ic, NRET2RSE(LEZN 11
ITRT. AL OB, u, N —ERHMEBIET I LDHETHS. BREBSVIEL TED, GIRFIIRIEK
RBICLXAIRRTHBREPEL:, LHRNICAERZZ ENTES.

E, #BAHDOT 7+ &# (4) THRERTTHEY, NBMBEO—fAEZRLE. UEOERLicLhiE, KB
DOEREZ, WBAIDERDF|L LTIRTTRETH 5.

4 1GWR/NS > AME

BOTIREF CRIEL TROBLNIEMFFT 380 %, UT MBUTI LMHES. COBUTICBMT 5FEHE
HE 2L, ThFhOROEEEY VI/#KET 5L, RABNRTOMBFHBENEZRENBONS.

4.1 ROESMSRETIV

Cabrera 5 [5] i3, & FHMMTITSI I TICRWEThBRAr—) Y JR%E, SVELTA > OREEN
T4 — By H@ERG ZHIRTFETIV,

6+~6 — asind + BR(t)(t—T)=0 (9)

IC&-T, BRI NB T LEEBNITRLUE. TS, 713 FOTHHERSIMO RIS, R(t) = (1+vE(t))
BSVHLET4— RN 25 AL THD, ¢(t) RERAGKES, v REOMETHSY. K (9) DEFIUL,
FARBEEEOMEE R VDT, YT, ThERLHREHEETVERET LICT 5.

R (9) EWIEEM L T2, :
Az +~yA% —aAz +BR(t) Az(t—7) =0 (10)
2, MO LTMRDOKEESL o7, zp DE Az = zr(t) — zm(t) DESLNTERABRNE R 3. HE,
Bormann(7] iX, zr(t) & zp(t) OEMAS,

Fr +yir = alAz(t), Zym+vim = BR(t)Az(t — 7). (11)

ICERINA T L EERMNITRLEED, LB CHhE (10) 2185.
DI ZRER—-EORORE, ¢ ERNMEHELTHLE, o = 3g/(21) DHKIBILT 5.
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The CIP model (Nonlmear 2-D)

Inverted
.~ Connection

/ rod
i';> X2

Linearization and
Order reduction

> gm
__»q'r+l

BJ 12: A physical example of coupled hu-
man balancing tasks. Linear 1-D model

13: Linearization and order reduction of the CIP model.

4.2 RCHHESEROERE TV

ULofkrhlzeEc, K121ICRTLS5%, 2 40BRENSSEIBFORTEEELNFNRREL, 2
DORFZEIUMRT 5L 5 2RMEEX S, FOEFNVELT, i BEHOHOD L L FHOKTEEM % qri,
qM,-(i = 1,2) k: L. Chh’-’ﬁﬁﬁﬂ:ﬁ%#ﬂiﬁl = @11 — qQr2 = const. %#ﬂbf:%@%?ll/&#k%.

24r +2v4r = a Aqi(t) + a Agy(t), (12a)
Gmi +vgmi = uilt, 7), (12b)
ui(t’ T) =0 (1 + Vgi(t)) Aqi(t - T) - (7' =1, 2) (12C)

TTIT, Agi=gqr—gqmi (i=1,2) 1%, iBEOED L FHROMNEMERL, & (i =1,2) REWVICHT
ZEROBMELTS. R (12b) RIENEL Ag TROXS ICRETES,

. 1 .
Bg+ 784 — 50 Aqs + Ag) +ui(t,7) =0 (i=1,2). (13)

MEETIV (12) BET (13) &, BEAELBFEFNE, 130X S IGEMLZLDICENT 3. Tbs,
&€ |6:;| « 1 DB Lic, BACXBHETHE « sinb; %, (TRESHE o < 0 ORFBHTH & T 3550UcHY
T5. TOMEHUOREET IV (13) &, Aq = Ags, Adi = A, DEF, BHOMIT TDOETIV (10) ic—8
¥3. LT, v=50,a=22 v =06, 7=01DPAORMAETT. E/EHEE, Az, Ag %, RSVAR
P P 2S

43 WRICEBREROMLE

14(a), (b) (&, K (12) DREMTHS. (a), (b) DHEDSHEMEE ST, K (12) DRROE—DOYRIL,
NESVARZDRPTHB. HELHIPADEE Ag 13, HEITVIEAOEE Az D 1% BEET, iBE
? RMS(root mean square) Z{EML T 3. Ag DEERIZ Aqy DLDOLERIFTZ2DOTERLEE. /4 XDE
FREXTRHAIL 72 RMS 2B 15 ITRY. /A XDRAKIE 500 £ L, RMS @NBERLTH5. Rfick
MTRL7z RMS OMETEIE, MRHHDFED 1.5 x 103, K LOBPAH 3.0 x 10-1 £ h, MATHO®K
BRTE, MRICK> TGV ABBDORMS 2810~ SEEETHRDPLTVWBZ 905, T4bs, ﬁ?ﬁﬂﬂ
DEFICED, FEBOREEN TGN ELELTWS.
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40 = ‘ N " " (a)
- 30} ms =5.8 ]
20 L 4
1N M J\ ' 5
0 - A . . g
03 ’ ' ' rms = 4.2x10™ (b) &
=02 ; E
o1 M . §
0 [+'4

0 200 400 6(30 800 1000 1200 0 500 0 - 500

Index of sample

14: Balancing error Az(t) of the single system
(10) under A\; = 5 x 10™* (8 = 20.306) and Aq(t) 15: Logarithmic plot of root mean squares on dif-

for the coupled system (12) under A\; = 5 x 10-4  ferent samples of the white noise &i(t). The solid

(B3 = 21.032). lines represent the mean value of the logarithmic
plots.
10 .
£ gl / ?’) i
_'§ 03 | £=36 R (dpdpgri?) _ & ol Pt,) ©
% ) Rgpgpysnv — 2z '
i - 4
gg 0.2 g )
c L "Oooooo-..1
b Oy
}';% 0.1 & ouw : J
5% 0 0.05 0.1 0.15 0.2
ol R 3
0 0.05 0.1 0.15 0.2 0.25
T
B 17: Probability densities of the first peak point
16: Short-time cross-correlation coefficient at t =  7:(t) for the single case and 74 (t) for the coupled
36 for At = 5. case, constructed from 100 samples in the time in-

terval ¢t € [0 : 1200}.

4.4 BRICESBEMEOBL

TR TOBEMED, LA Y DOBETIIPBRELTHWANERS DIC, MO THE LD

MROEAIHEBMEEHNT S, VE, z(t),y(t) ZHEBEHRORRY], At ZERMTEEODORRMBMRE T3

L&, ORI EEEGREE, ROXSICEATS.

Clx —mg,y— My, T,t)
0z0y '

R(z,y; 7)(t) = (14)

ZZic,
C(z,y;7,t) = (z(s)y(s + T)>[t.t+ Agr Ma = (z(s))[t,t_”m], oz 1= {(z(s) — mz)2>{lt/,t2+ af
THBD, (X(9)), 4 = (b= )7} [) X(s)ds IZBEEM [a,b] DT X (s) ORMTIFTLT B,
Cabrera 5 DG IC L hif 5], BREMADEDRETIX, FUVHLY AV ORMEBNFHBICISBTIRT
DOEEMER, FEBOBNREMLDEINEZALAY— )V TRATEENSHS. TOURERDIHIC, #
DT L EMOEBEOERMEEHBIFE, Txbb, #XLOBEICDWT R(ir, irm), BED D DRE
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Simulator

Mouse
devicel

device2

B 18: Experiment setup.

’OWT R(dr, dan) (6 =1,2) BT B, ED1 DDV FIVER 16 ICRY. R(ir, i) iCBRIICRNSX
EHZ = R% 7, FUL R(dr,dm) (i = 1,2) DE—D 8% 7, 75, LERELE. KD, 4 = 0.105
LT 74, =0.035 MBENBL, —HOHIEEDEIEREI TN HIEROENRN 0.1 LAEED XL LR
r—IVTEID, AR IBEEE,IVEA LAV TEETVSC LMD S. SRR EHEERED C—
I R%Z, WBBROTEENTBRERET 1 DOBRERRT L, U EORRIZ, MNHRicREEhFEg0H
IR, WRENICIIRE 3 EREERTIRAN A LERKL TV S,

Ric, TOEGEICHT ZHBROEMERDIZDIC, Y—F K7, 7, OHBEEREE, X171C77. B
ILEEEEBARUERERX A (0, 1200] L CRMER M L7 ¥ — 2 MOMBBREENE, /A XDORARZX T 100 HEUS
L, ENEZMETIGL THBI. 7(4) DRRIZ 7(¢,) DB LRENTVIDERELT-. 17&Xb, #EBHD
DFEDHBEREIL, T LOBPSITHNT 8REBEBVE—7745, 20% BEEHMEMEMN + TEUTWS.
TabB, |/RFLMOMREICE D, HEBOBRENTEMICHELTWS.

5 fHEREROMAEER

BUERBICHLIT 2 EROMRY, ¢ FOMEHEICBNTERNSD, IV a—% « 27V —%FIE
L7eRB%ZIT- Iz

5.1 RRFAZE

CNETOBMERBTRANTERS VLY A VOBEENT £ — Ry ZEIE%R%, b FOEMIEEHS
MCBERZ B7cic, 18 OERTEREME2METS. REMCE, R (12) OZ8qu: (6=1,2) %, 2
BOBBEETNTNDOI I ARFICBEEMAS. BHRBR, TVCa—% - RZU—VENLT, BEED
KELAL gr; ZRTARE, UL T g BRTHBERREN, BERDEDSARIC, <7 ICHT
SHREEREET LS. RAREMRORTE, METZHMEBIISCTEMNT TN, HRFIHSIEYTER
TEERCHBRITES. XUV — 2 OMMEIZ 1200 x 600 (pixel) THH, X7V —2DKFEEZ ¥V [1,1200]
KX LUT, BEETVEOEN [-3,3) 2HID LTS, HREDME 0, 13, 50Hz DY YTV FL—hTE



19: Experimental velocities of the target &1 (thick
line) and of the subject’s movement z,s (thin line),
and power spectra of the balancing error Az, under
the single balancing independently performed by the
(al) first subject and by the (a2) second subject.

1 r v .
~ 08} _av*1V%00, g;g
2 06| feB g .
0.14 o
:é' 0.4 % ? o
= 02} N2 . ®
0 n i " A
0 0.1 027 03 0.4

21: Experimental short-time cross-correlation co-
efficients R under the single balancing independently
performed by the (al) first subject and by the (a2)

22

20: Experimental velocities of the target ¢r (thick
line) and of the subject’s movement §as; (thin line),
and power spectra of the balancing error Ag;, under
the coupled balancing by the pair of the (al) first
subject (i = 1) and the (a2) second subject (i = 2).
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B 22: Experimental short-time cross-correlation co-
efficients R under the coupled balancing by the pair
of the (al) first subject and (a2) second subject.

second subject.

EELEICHBENS. RAUL—FTARBLIUMRO7 A= a VBRIV EH NS, Ao Hovee
LICEREMIBL, WThAhOMSFZRAIEREEZRIR L /- L 2ICERIRT T5. ERMRIEOETILOY]
JAfHIZ z7(0) = —0.5, gar1(0) = —0.6, gar2(0) = 0.6, 7(0) = £a(0) = 0, qr(0) = —0.5, gar1(0) = —0.6,
gm2(0) = 0.6, ¢7(0) = gam1(0) = gar2(0) =0 &L, BEFNNRGA—ZFa==21,y=50,l=1& L7

5.2 SR

19 I3HRE L DBADRRT, T FhOBRESMBORFERY LTRSS VAL E 2OMERED
HERRTHS. BPD (al), (a2) EMREORNEERT. B LROER i A%, DFMICHTHOME, T
LHREDT T AMIEDEE i) CHRITLTEIELTVWS., ToBNI, #BREBEORISENE, HWBRN
HOBE, 5D, CTHhICHLT, K20 REFEFERECKTI2BLEOTMEES | THRLEZ, #RHDDIH
BORRTHS. CTOWRICKD, KRTRLUHEHOEEIMERE TR LTVWS. T, LR
DRE g7 B, BWREDT Y ARMEDRE Gary, Guz IKEITLUTEILL TS, A

4.4 MTHMRLX SIc, SRNEEHARRRICBI 3 XRNC— 7 IHEBOBHEEZETOT, 2 T)’,
HRE OB ERNUHEHBAROVY— /A2 RELTAS. #HRZLORAII, SEREHNSAELR
SRR EAEBARBI R I 21 ICRY. ENFN 7 = 014,012 ICKEME— 2 2B/ TR L35, chick
LT, &0 LsROERY | IcHRL-, #EiRHDDRSOERY, N2 TH5. B 7, =0.12,0.18
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L&Y, BREEOMEGES, BRICL> THALELSICRXS. RAROEZBORLZHTICBOTREBL:E
E—IRE, TOVEEREZIICELDS.

# 3: Peak points of STCC of different trials.

Subject Trial No. Average
A/B 01 | 02 | 03 | 04 | 05 (7)
Single: .
A 012 |1 0.14 | 0.14 | 0.12 | 0.14 | 0.132
B 0.14 | 0.12 | 0.14 | 0.14 | 0.14 | 0.136
Coupled: '
A 0.12 {012 [ 0.12 | 0.12 | 0.16 | 0.128
B 0.18 1 0.16 { 0.16 | 0.18 | 0.16 | 0.168

R IOBRICINE, BRI EOEBRER, (7) =0.132,0136 DX 5ic, TENICAREDEREEE
LTWVBILANs. Chicnl T, AUERELEEVICERTI RS L, (7) =0.128,0.168 DL S, &
REMAIENFRICZ B AN RSN S, U EORRE, ﬁiﬂ@ﬁ!@?&:cizi‘%Lwﬁﬁﬁ%ﬁ?‘%&&%& 143
LIEUREEEB L, BRENIERNHEL 2 EAEARLTVS.

COERIC & BIENHED 1 DOMIRL LT, b FOBRTHICBII 23RN EORBALERTE L TR
. LrLan's, BMEDIENFHEIIEER VR (12¢) DRELIHEHIEE u.(t,7) IC X 2BEEBRICL B
BNBDT, TOFENHELNMREELICEC TV AARERLEETERL.

6 LHERM

LHOE R ORBN PERSEMOREMEFLE LT, BUEtshr: 2 GORTAEEY v o
Lk, RABIHEFEFLVERREL, UTFORRES:.

o WERETNVIRT 4 DOPHROKT U, MLUTRHETTTIS I 2VMERT. DL E, YHHEOR
ERMENERZ 5, TS L BREBONISMRIITREEICZD > 5.

o HEBRDOT 7+ VEMERAVS L, REBNHIRFORBFIEVORA LIGHERS =HICITHEL S 58
Bz, WRICADRTES.

ULOBRTIR, REHRL LTIHNZ PD REBLRELRLY, ShEemEREsicleRz -gans
BEMML, UToRRE2B..

o SYLLTAVOBNRET 4 — K23y Ic X5 2 DOMLSEMESE MR T LS 2, MROBAICH
NT, BEMLEREOR EAES.

o REFARVOKBIMC LD, b FOTHRSENEER S22 3, MHTRIZIFASOERMELE
THHMED, MERHCIZEWCRT 5EKEERET 3HASRH O hk.

UE, 180 bSERT 3 M2 PR RESORBIC T, E0RDOBBMETVORRE, B
FTEF)I ERATBER R EO—FIER L, PRMESENY MR X -0 R 2 —BRENIC L.
SHOBEL LT, & FOBEMLERMIBD S X—2FE, BRNORE DTN IRRE & BETLE
RRRBEOBM, HERT 3 TAMEN LI 2OYURORY, F—LHROBALSEREL TV,
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