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S, BERRKOT—V v NAT (RPT—V = Mk
Br—T =2 b)) Z2BIIETEOIEERE RO, EHRS
ETIVOBHEITAA REHRELECTRE R D DOERALT (&
L, 7T 7 FARITLOEGEER 5 ~10, flOFRHEEDOEEK)
5~20 Thotz) . I - BT — 22, wEgsER (B)
ICBRANCEET DRI (]9 2000 25 v ) T, @I L EE
ooy, 77 —4% GRES+ERY) , WEHOR, EF
oA, O3IFEErHAE L (K2E8H) .

B4 5 XA (B, AdlBE, B, MLy —,
770 HNRTE) RSSO NMEOIEEFE R, RS
ELTO TEBEE) \ZITAEORRYIZ 7 — ) 2E#] L Tx 7
JAR B DR RS & =, RN, ML, £, BT,
TNT =5, WEM O, EEHORE ST, 1EFEF v A
VUL 50% ThD. NPT R AF—TIL, EFHOHDY
HITITH 71% OEZRTH L. ZOFRRIE, IFEH= X
—D LI, IRFOFMAEAMRE L LR %2 Hoiud (R
RATY =) BEOERICH DHHEHOENEHNTE B2
EERTRBT S, — T, 7T AARITETIE, HFHTRLFE
—ZETERVD, EFRHOLOHEAEIZIIN 64% OEZEET



eE & (AARRRERR Y 7 ¥ 1 Fa5h)

HD. ZOFERIL, 7T 7 ZARICE DD BED LB FHEA]
RERBMEBICEHTIE, Eromi@zats L &b (F
AT =), BEOERITH D RMAN72 2w OE % 5%
BITEDZ LETRET 5.
WEMOHDEGEE, EOREEEZ AW-5E THRIES
L 50% FREICHEES. ZhuE, REOME L, iEhgt (%
W=z b)) LRGN R —y = b)) OBV
AT AT B R EOIR Y EIFAEICH Y, ATEREE R
BT 2RTOMWEL TIXEMEOENIIE LA LW & 2R
LTV, @EHOBECE L CUHET oMzt s Lzl
FH TR NLXF—THHEIOENEZHFR TE 2O T, B0
BAEIEEE L2WT T 7 LRI CHITE OE W 2 355 C & 72
WZ IR NRERIEEBE A BND.

4.

AFTIE, BRREMICHET 2FERIE#R LTS &I, »
NI LT RESPZZEEOERICH 2B (HIAE) oEWE
BT E B0 EW o T, AR TIEL, Warneken & Tomasello [3]
HAOHERE O DELEBRICERE 2 I ER Z e L, HlEgRo
SR & EEFFOECHINEE X 5 2 & T REBI L -5
VERABIZTHRI D 2 SORIEZ FEB LTz, ZOFERFKFOT,
FHRF ORI il 22l (R & Fali CRWEIE ()
ZENEIEAER (RREDGAME) & BRUARERL (RERIR) &
HIe L, —REL LBET — 2 b2 OERIZH D BINORK
) - REGEOE Y, TRb L (EX) OBWERHTE 50
Z ATz

AT, it 2 FEOHIBOE NN ZN D OHIE TR S
NIZBE (UE) OHRPLIHEEESND 777 X Aot (HHE
EREOT ) OMEL LTRINTE S, LW HRIEHR L
7o BIEFEROMER, 777 ZNVRTENI NEROAEE
R e L7chE, IRTOMMERHEE LK &b, MVIEASR
THIEOBENEZFRANTE D Z EARENT. 7 I 7 X AVKRTTE
R L L7236 OIEERIY, IR OMBE iR 35 7P
RX—E R E LTGEICITET 5. Z OfE R, FEHR
ERTHDH7 77 ZNRITITERTHZ LT, HOHHOEXHE
EME & A EERTER S LI EREEOBEN L ABETH D
ZEERETS.

AR TIE 2 oOMEE H . FH—I1%, BEREREEOTT
ETHY, FATANEBEOEZIZRETH D, & _oRE
IEBRR G, 5% 0 BRIk L C— R L 2 8EN H DIk
W (HBIRENE TS —) ZEV 12342 L T, 2058 L iat
L7z, F—OREIE, AROEIEER TIIEMD) - Kiim—
= N (GEHEE) BT ORIEFANCDIREL Y (AE L AE
) &, 777 FZNVKRTEAVD ATV =8 (BIEE) MNEE
BETERVW I TR ENEZ. 77 AARTEEM NS AT
W= DB L T DIRF BRSO XY JERE T — 2 CTh Y, FE
RAWEOBEITHRTESL TV D, AEEERTIE, 29 L
BERRREROFEC L DDLLT, 77 7 2R w A
BT W= NF XY FERET — 2 BRI D SR OE N &
WATCEDLZEER L. TR ARETHLDIL, 777XV

WOLHN M D el (B22) (T 2 AL | THY, Kili Lo
T B REOEVIARERFERER L TWDEDEEE XD
ns.
AROREILER (HIE) OMAINEE D28, AfORREIE
H B OHEESCAT 2 ORI B 5 WITE DR [4] 12T 7o —2
EWVZ D, FERIEBIORSC [18]ICRE DAY, EH HIX A OWER
BCHT DT FEBR T, 7 T 7 ¥ RTE % O T BRERE 1 D 45
ST, AEE LHOE GEBNHIE OBt g 13 h 5 &
B2 F) EFHAITEDEBEEERTHREE A TWD. 51T,
AFROPLIE L LT, BROHEE L HbETAHT =L D
HEOHEELEMEDO AR 2 Mt L T <13y, AMoITE 7 —
HICHARFEDT AT T HREATEDL L EZFLEL TN E T
W

e
AL 3B 20T B4 Bh 4 JP16H05860, JP17H06713 DB %
ZFCTirbir.

Z2 E X W

[1] M. Tomasello, The Cultural Origins of Human Cognition,
Harvard University Press, 2001.

[2] N.A. Bernstein, Dexterity and Its Development, M. L. Latash
and M. T. Turvey, Eds., Psychology Press, 1996.

[3] F. Warneken, M. Tomasello, "Altruistic helping in human
infants and young chimpanzees," Science, vol. 311, pp.
1301-1303, 2006.

[4] C. Breazeal, B. Scassellati, "Robots that imitate humans,"
TRENDS in Coghnitive Sciences, vol. 6, no. 11, pp. 481-487,
2002.

[5] FJIIACk, Aot ks, KEFIER, & 7, " L B %
Wiz ARy b ORI ORI, AIEE & 1R, vol. 30,
no. 5, pp. 709-716, 2018.

[6] BHEFE, AR+ 7=V v u &, FIIKIL, HHER, "%
FIER AR Y MBI 2 HREE & RIFE(IC K DIk
RINEOHIGZNR," 41gg & 57K, vol. 30, no. 5, pp. 700-708,
2018.

[7] &=, BHET, EEE, WEORKELAE 15—
=2 — B AT AOFGETT IV, in F29/6 H Kz

P FRFTAHFE S THEE, 2011,

[8] /NEFHE, "HEDRT 4 7 ANELHIHERE T 2=
—a DT NS G A Y = XA L5 vol. 29,
no. 1, pp. 26-30, 2005.

[9] EHH&IT, "RAFEDOFMAES : Bt - EBEROT
RS BHRRET L, NE— 7 T2 X, vol.
15, pp. 22-32, 2015.

[10] D. Marr, Vision, Cambridge: MIT Press, 1982.

[11] )5, B0 A ER R, 7E 314 &, 1996

[12] K. J. Astrom, K. Furuta, "Swinging up a pendulum by energy
control," Automatica, vol. 36, no. 2, pp. 287-295, 2000.

[13] K. Doya, "Reinforcement learning in continuous time and
space," Neural Computation, vol. 12, pp. 243-269, 1999.

[14] R. S. Sutton, A. G. Barto, Reinforcement Learning: An
Introduction, MIT Press, 1998.

[15] E. Todorov, M. I. Jordan, "Optimal feedback control as a theory
of motor coordination," Nature Neuroscience, vol. 5, pp.
1226-1235, 2002.

[16] S. Hidaka, K. Neeraj, "On the estimation of pointwise
dimension," ArXiv:1312.2298, 2013.

[17] L.-S. Young, "Dimension, entropy, and Lyapunov exponents,”



WL A B

Ergodic Theory and Dynamical Systems, vol. 2, no. 1, pp.
109-124, 1982.

[18] BJREES | HEGHE, “Fil& F & M0 F0 Bt 5 < #
SRR~ DO ERIT 70 —F (KERREZEURD) ) &
FFL4 vol. 25, no. 1, pp. 122-125, 2018.

[19] I Grondman, M. Vaandrager, L. Busoniu, R. Babuska, E.
Schuitema, "Efficient model learning methods for actor-critic
control," IEEE Transactions on Systems, Man, and Cybernetics,
Part B (Cybernetics), vol. 42, no. 3, 2012.

[20] S. Schaal, "Learning from demonstration,” M. C. Mozer, M.
Jordan and T. Petsche, Eds., Cambridge: MIT Press, 1997, pp.
1040-1046.

[21] C. D. Cutler, "A review of the theory and estimation of fractal
dimension," vol. 1, World Scientific, 1993, pp. 1-107.

[22] E. Todorov, "Optimality principles in sensorimotor control,”
Nature Neuroscience, vol. 7, pp. 907-915, 2004.

(rrmetnn B av )
(et B arEARR)

[fvvE 5]

T923—1292 AJIREESLTIERL-1
el =y R S NG S TN

I 5

TEL : 0761—51—1728

E-mail: tak.torii@jaist.ac.jp

NES
A. RLEEE % AV HESR OB L

SRALSEE [14] (TATEO BB IR & b DML 2
Th 5. WL OFEEILIRE s TITE) a 2RO, T OREE,
WM r EROIREE S’ = P(s'|s) 2 D. TIT, PIXREER
B TH L. FEHEOREITHRMORFE LR AT DL 7%
HiEs gals) ZRHOTFHZETHS.

BISEAR TR VAt 2% TH] « SHTAe T A 4% 5 oy LAY 72 IR
Th 5 [13]. ZOHEEFIML T I Y X ATEHFETH
BB ENTWA[19]. WO T AT XWET 74—+ 27 U T
o4 715 [14] ERRITh, SRR g(als) 2T T 7 Z — LAMfER
v 2zRTI7 VT4 7 2R BEHMELTHD.

R 70 22 [ & RERE] 2 4 5 R I LRI o 7z R 3
& 5. SRR 72 iRk Todeen 72 22 ) & RERE A BlERU L L Gl
2HETHA. ARTIE, RRICBELCE, A4 7 —F (R
7 v 7E dt =0.01) ZA, ffasE 3 27y THRTx
o, ZERNCELTIE, ZANa—F 47 [14] LEEN 5
AR 2R AEZE M (0,6) € [—mn] x [—2m,2r] % SRR
40X 40 PEI L= b0 (BB LEOORE s IZxHIGT D)
AL,

SRR, REEME V(s) Z2HEE L, IRIEME O @R
~OFMEREEZRD D L O ICHIER glals) #EHTH & T
HATT 5. WEHEX SR TH L HIEFAIREs b0, HIfEes
DSHIEE S w 2 V) ug & 53k 02 DIEMMG u = N(us, 0g) 1&
Mo THZ, TORRE, Hlr LIROWREES 2% T - LT 5.

Zorx, EE (VT4 2) IHMMERE V(s) & ROFH
BT (TD#EE) .

AV(s) = ac [r +y:V(s) = V()] Ec(s)

ZIZT, a. =01 13FER, v =097 1THI5IR, E. (L@ E
FlL—2 (IR A, =0.65) &V, EITOIREEIE L mV
EEED YT, HERETOEBE L RETHITRTHS.
HHAEOHIE A S 2 5 72, FE IR s 12
RAF LT u = N(u, 05) (256D Hlar 4 2 3. #
BOZE TILRREIFIC T pg & 01 02 ZFRHET 5. BRI
i, FEE (774 —) FEHLBOARICHESE, £RT R
— X B ROEHRIZTELT FRAEE Tk .

ON (us, o5)

A%:uah+nV@0—Wﬂk—ar—hO%®)
80, = a, [ + 7V )~ V) 2t %) ) )

I T, a, =0.001 (FFHEEK, v, =0.651LFI5%, E, Xk
ERL—2 (HE#H1, =00 ThHo.

WIBIEL r = f(s,0) IFFRED BT 5 & 9 HEEL
AT AMERS D, HATHIE[L3] 1> T, AT r =
cos O & Wiz, Z OWMMBEIEIIE SR FIEO BB A AR T
5. R EIFIREEO =0 D & E DM cos0 =1 1Tk &
20, ), BY TFIFTRIES =+ D& ZDOHRM cosm = —1
TN e 722D, AR TR RN X, cos 6, Z I RILT DD
T, BB FERETIRY LT CEORBEMRT D L)

ERRRTED.

% & R

< E

BIE B 2R

201447 Jb R Je iRl FH AT KB R LR
BT HURRT. 20164F 0 GasiBlys) . 2012
Fon— R 74— RU v KPS CHRMER.
20144F B R R B T2 R 7R CTHIFE
8. HUE, RIRZEH#H. BARMBES, AT
HEERRARA. AOBWRM L \ZEE - BX
BT A aFFEIC e

VFEHR LI~

HE FA-F (E2HA)

20074 FUER R 2R e B PR ZE R AR

ET. L (EWRY) . FES T 40 7 FRE
ICCHEERFZER. 2010FAb RS timA Bl R
BeXFEB . B, RRFAMESRE. S5f -
FeiE, BB ORI A N =X L& RS
52 L BRI, (DBESEER - B -

L JERUERESRIRNT 72 & BRE L7 e 2

179 AARBARER, ATHEYRR E2A.



HIRE L AFH (BAKBERHR T 7 ¥ 1 256

Modeling intention inference as a basis of imitation learning: analysis of pendulum swing-up task
by
Takuma TORII, and Shohei HIDAKA
Abstract:

Learning an action from others require to infer their underlying intentions. Psychological studies have reported behavioral
evidences that young children do infer others' underlying intentions by observing their actions. The objective of the present
study is to propose a mechanistic account for how intention inference is possible by observing others' actions. For this purpose,
we performed a series of simulations in which two agents control pendulums for different tasks and goals, and analyzed which
types of features is informative to infer their latent intentions. Our analysis showed that a type of fractal dimension of the
pendulum movements is sufficiently informative to classify the types of agents. With respect to its invariant nature, our results

suggest that the fine-grained movement patterns such as the fractal dimension reflect the structure of the underlying intentions.

Keywords: imitation learning, intention inference, dynamical systems, pendulum swing-up
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