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Fig. 8. Robustness of the trained neural controllers while viscous parameters
(b12 and b21) are exhaustively changed.
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Fig. 2 Reaction time as a function of epoch (group of five blocks) for
new and old sets of frames (left). The difference between the new
and old sets (amount of contextual cueing effect)
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Fig 1. Examples of the target frame (top) and no target frame (left).
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Abstract— Memorization, abstraction, and generation of a
time-series of sensors and motion patterns are some of the
most important functions for intelligent robots, because these
memories are useful for situation recognition and behavior
decision making. In conventional research, recurrent neural
networks are often used for such memory functions. However,
they cannot memorize a lot of patterns and its learning
algorithm is unréliable. In this paper, we propose a method
for the induction of behavior and situational estimation based
on Hidden Markov Models, which is currently one of the
most useful stochastic models. With the proposed method, we
show the feasibility of: (1) Both recognition and association
are executed at the same time, and (2) A multiple degrees of
freedom and multiple sensorimotor patterns are acceptable.
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Fig. 7. Observed image data on a mobile robot
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Abstract—In this paper, a method to model human opera-
tions using Hidden Markov Models (HMM) is presented. The
“optimal” HMM with an appropriate number of statesis deter-
mined based on the MDL (Minimum Description Length) crite-
rion. Human pivoting operations, a typical graspless manipula-
tion, are modeled using Gaussian mixture HMMs. The obtained
HMMsare analyzed by metric MDS (M ultidimensional Scaling)
to reveal individual characteristics in the operations.
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TABLE |
OVERVIEW OF PIVOTING DATA

Operation Time [s]

Operator | average S.D. max min

A 445 044 558 3.75

B 362 042 470 285

C 354 052 573 3.06

D 558 055 750 4.82

E 313 037 376 258

F 507 050 6.18 4.26

G 423 051 569 367

H 472 079 637 349

| 369 036 461 313

J 634 058 741 544

K 683 074 944 553

L 494 051 661 4.36

TABLE 1l
OBTAINED HMMs

Operator | # of States Log Likelihood MDL [nat]
A 36 4.96 x 105 —1.44 x 10°
B 29 2.71 x 103 —0.77 x 10°
C 25 1.81 x 108 —0.51 x 10°
D 34 525 x 103 —1.48 x 10°
E 22 3.01 x 103 —0.86 x 10°
F 32 5.96 x 103 —1.71 x 10°
G 38 2.90 x 103 —0.79 x 10°
H 34 243 x 103  —0.64 x 10°
| 35 3.42 x 103 —1.00 x 10°
J 42 7.29 x 103 —2.05 x 10°
K 28 7.35 x 103 —2.14 x 10°
L 35 4.92 x 103 —1.43 x 10°
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TABLE 11
HMM DISSIMILARITY

A B C D E F G H 1 J K L
A 0.0
B 31.3 0.0
C 39.2 25.9 0.0
D 57.5 67.2 70.6 0.0
E 96.4 69.0 335 157.7 0.0
F 104.4 123.6 200.0 190.7 11438 0.0
G 45.3 452 36.5 62.3 415 59.0 0.0
H 53.3 90.5 36.7 1275 101.7 1508 179 0.0
| 21.2 44.6 40.5 260 1211 535 275 54.7 0.0
J 44.5 459 73.0 65.0 70.9 86.6 16.0 187 528 0.0
K 327 1079 1683 469 3038 1296 963 1889 382 949 0.0
L 9.3 18.7 27.3 36.9 66.8 1333 334 335 202 464 375 00
o
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Fig.1 Fourier pectrum of the hand speed when the hand
tracks a circular orbit. The abcissa if the frequency and the
ordinate represent the Fourier component.
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© Pulleys O "Shaft 5] 165x30x40 | 0.33
¥ . - A 65 _
spring B2 wires A 03
Fig.1 Finger-type link
& mod%l Rl C 120
Projection
l Force F A 4.6[m]
B: 3.0[mm]
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0 -2l p3p 40
E- : 0.1[mm] g_ , A
¢ R33 F
,
oIS
Leg Leg 4 3

Fig.2 Structure of a mechanical Fig.3 Sectional view of a
touch-sensor
(Compliance = 0.001[m/N])

switch semi-circular soft silicone
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Table 3 Results of PCA for selecting dominant
patterns for S objects (Main coefficients of

eigenvectors of principal components)

2nd 3rd 4th 5th
p91 0.926|p21 0.909| p53 0.524|p62 0.510
p91 0.349|p122 0.391|p51 0.484
pl38 0.391|p67 0.317
p55 0.367 [ p36 0.305
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0.9998
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1st
p143 0.945
Patterns
and
Their Coefficient

A.Proportion 0.6147 0.9102 0.9997 0.9999
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Fig. 6 Dominant patterns for S objects
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Type Dominant patterns
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Fig. 8 Pattern types segmented by contact dynamics
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Fig. 1.
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A biped robot driven by agonistic and antagonistic pneumatic
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Fig. 3. Relationship between supply duration of agonistic hip actuator 7%,
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Fig. 4. A biped robot driven by agonistic and antagonistic pneumatic
actuators for running and jumping

Fig. 5. Jumping experiment: the flight time and height were 270[ms] and
120[mm], respectively. Air pressure was 0.6[MPa]. The robot could jump
several times.

Fig. 6.
1.13[m/s], respectively. Air pressure was 0.6[MPa]. It could run 5 steps at
most.

Running experiment: the flight time and speed were 0.12[s] and
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Fig. 9. Quadruped robot: Rush. The size is 30 (cm) in length and 20 (cm)
in width. The height of leg is 20 (cm). The total weight is 4.3 (Kg).

Fig. 10. Snapshots of Rush running over a step in the bounding gait.
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Fig. 11. A Snake robot prototype driven by pneumatic actuators
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Fig. 3. A rat in a Y-branch passage. A rat was released at
one end of the passage (left side of the figure) and guided
to walk through one of the branches. Neural signals were
recorded for 1 s before a rat passed over the detector
installed at the entrance of each branch.
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Fig. 2. A rat in exercise wheel. The wheel was supported
by bearings that allowed it to rotate freely in both
directions. The neural signal of the rat and the rotation
speed of the wheel were simultaneously recorded while
EM

the rat walked inside of the wheel.
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TABLE Il
PHASE DIFFERENCES IN VARIOUS GAITS

| Gait [ 61 &2 ¢1 ¢3 |
Pronk 0 0 0 0
Walk 0 075 05 025
Bound 0 05 0 0.5
Reverse Walk | O 025 05 075
Gl 0 075 O 0.75
Trot 0 0.5 05 0
G2 0 025 0 0.25
Pace 0 0 05 05

B. 00O Dy, 000

ceGOOo0OOoODOOoboOoOooOoboOoDoUoOoon
oobooooooboooboboooboooooobooooo
gobooooooobooobooobooboooboooo
000000000 0ooOoOoooOoOo[Qooooooo
gobobooboobooooooobboooobooooon
obooooNOOOOobOooooNODbObOOOoDbDOoD
oboboobobooboooobooooooooooboooo
000000000000000000 S'=R/Z0OO
gboooobobooooooboooon

NOOOOODOOOOOOooOoOoooooooooo
goooooo NOODOO CyODOOOOOOOOOO
oo NOUDODOOOOOO0 NOOOOOO Dy O
oboooooo0OoN =2000000000000
oOoopo0o 200000000000 C,=D,0000
O0D0O00ON=40000000000000000
040000000000C, 000 Dy=0CyxCy 00O
ooooooooooD b, 000000oDo

V. oooo

oooogocpGOOOOOoOoOognv-BoOOooooono
goboooboboooboooobboooooobooon
gboboobobobobooooboobobgooban
gbogbobobobobobbobobaobooboaoo
obooooboooboobooobooboobooboOono 2nb00O0
ocPGOOOO0O0OOOOnooDn

good

[1] Y. Kuramoto, Chemical Oscillations, Waves and Turbulence, Springer-
Verlag (1984).

[2] 1. Nishikawa, S. Nakazawa and H. Kita, “Area-wide Control of Traffic
Signals by a Phase Model,” Transactions of the Society of Instrument
and Control Engineers, 39, pp.199-208 (2003).

[3] Y. Kuroe, M. Yoshida and T. Mori, “On activation functions for
complex-valued neural networks ", ed. Okyay Kaynak et.a., LNCS
2714, pp.985-992, Springer (2003).

[4] 1. Nishikawa and Y. Kuroe, “Dynamics of Complex-Valued Neural
Network and Its Relation to a Phase Oscillator System”, ed. Nikhil
Pal et.al., LNCS 3316, pp.122-129, Springer (2004).

[5] I. Nishikawa, T. Iritani and Y. Kuroe, “ Phase Dynamics of Complex-
valued Neural Networks and Its Application to Traffic Signal Control”,
International Journal of Neural Systems, 15, pp.111-120 (2005).

[6] T. A. Kuznetsov, Elements of Applied Bifurcation Theory, Applied
Mathematical Sciences 112, Third Edition, Springer (2004).

[7] Y. Asa, T. Nomura, S. Sato, A. Tamaki, Y. Matsuo, |I. Mizukawa and
M. Abe, “A coupled oscillator model of disordered interlimb coordi-
nation in patients with Parkinson's disease”, Biological Cybernetics,
88, pp.152-162 (2003).

[8] JJ. Collins, SA. Richmond, “Hard-wired central pattern generators
for quadrupedal locomation”, Biological Cybernetics, 71, pp.375-385
(1994).

[9] JJ. Callins and N. Stewart, “Coupled Nonlinear Oscillators and the
Symmetries of Anima Gaits’, Nonlinear Science, 3, pp.349-392
(1993).



[1,2]

1. INTRODUCTION
1000

John C. Eccles
I1PSP

This work was supported in part by the Ministry of Education, Culture,
Sports, Science, and Technology, Grant-in-Aid for Scientific Research on
Priority Areas (N0.454).

K. SEKI is with Department of developmental physiology, the National
Institute for physiological sciences, Okazaki, Aichi 444-8585 JAPAN
(phone: 0564-55-7757; fax: 0564-55-7766; e-mail: kazuseki@nips.ac.jp).

91

1PSP

I1. METHODS

Fig.1[3]

SR

®OT G Os s g
S R e

Fig. 1. Schematic diagrams of the surgical procedure for
implanting a stainless steel chamber over a unilateral laminectomy
of the Cs-T; vertebrae and of the system for advancing metal
recording electrodes through the chamber into the spinal cord
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Fig. 3. Summary

During active movement, sensory input from cutaneous afferent are
suppressed by motor command.
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Fig. 4. Primary afferent depolarization evoked by natural stimulation
(brushing stimuli). While stimulating afferent terminal (1), dorsal
surface of hand were lightly brushed by an experimentor (2). Note that
the larger antidromic volley was evoked during brushing.
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Modeling of Neuronal Mechanism of Fighting Behavior in Crickets

Jun OTA, Hajime ASAMA, The Univ. of Tokyo,  Kuniaki KAWABATA, RIKEN

Abstract:

Keywords: multi-agent robot systems, crickets, adaptive behavior
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Analysis of adaptive behaviors emerged by functional structures in intearction
networks

Daisuke Kurabayashi, Tetsuro Funato

Abstract— Insects have only a little brain but the behavior is highly adaptive. We consider that physical
structure of the interaction network works on the creation of the brain function and model the behavioral
processor that controlled by its structural disposition. In this research, we investigate mechanisms for
intelligent behaviors from the viewpoint of network property. We focus on (i) modeling of behavior-switching
by nonlinear oscillator network, (ii) direct feedback system employing actual brain of silkworm, (iii) extended
pheromone model for emergence of transportation network.

Key Words: Network, oscillator, virtual body
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Fig. 1 SSRL: Situation Sensitive Reinforcement Learning
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Table 1
Table 1
Combination of | Brain No. of Arc expression Cells (): %
Songs Region | cyto :":;Iti nucleus Total
(A—B) 27 (26) 59(56) 19(18) 105

{A—B) CMM [22(24) 54(58) 17(18) 93

(A—A) 18 (16) 83 (73) 12 (11) 113

(A—B) 17 (18) 56 (60) 20(22) 93

(A—B) HF |16(19) 51(60) 18(21) 85 [1]  Behavioral Neurobiology of birdsong, Annals of The New York Academy

(A—A) 10 (16) 45 (73) 7(11) 62 of Sciences, vol. 1016, 2004.

[2] TD. Troyerand A. Doupe, An associational model of hirdsong sensorimotor

leamning I. Efference copy and the learning of song syllables, J Neurophysiol
CMM HF 84: 1204-1223, 2000.

[3] TD. Troyerand A. Doupe, An associational model of birdsong sensorimotor
leaming 1. Temporal Hierarchies and the Leaming of Song Sequence, J
Neurophysiol 84: 1224-1239, 2000.

[4]  JF. Guzowski, BL. McNaughton, CA. Barnes and PF. Worley,
Environmental-specific expression of the immediate-early gene Arc in
hippocampal neuronal ensembles, Nature Neurosci. 2, 1120-1124, 1999.

[5] Z Zouand LB. Buck, Combinatorial Effects of Odorant Mixes in Olfactory
Cortex, Science, 311, 1477-1481, 2006.
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Fig.1. MRI scan of M.J.s lesion. A rare lesion almost completely
circumscribed to the entire right STG, which is indicated by the

arrow, is shown in a sagital slice.
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Fig.2. Mlustration of the trial sequence in the experiment. A fixation
display was presented for 675 ms, followed by a cue display which was
either gaze or arrow direction. The cue was displayed for either 100,
300, or 700 ms, then a target was presented, either to the right or left

of the cue, and irrespective of cue direction.
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Fig.3. Results of the experiment. The mean RTs of M.J. (line) and
normal controls (NC; dotted lines) for each cue type, as a function of
cue-target congruency and SOA length. (Note that the results for M.dJ.
include right target trials only,)
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Fig.4. MRI of 1-5 (a-e, respectively), each depicting a lesion in the
unilateral (case 1 and 2, right; case 3-5, left) amygdale.
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Fig.5. Results of the experiment. The mean RTs of the amygdale group
(AM, lines) and normal controls (NC, dotted lines) for each cue type, as
a function of cue target congruency and SOA length.

DN BZ LR AL T 3L Qb Bz b
7o ZOWT, PRI, FRIIEFISIVET BRI THLD230%0
REDVRRBEORRINC, —TJ7, STSIZ, bk CREE 2T 7]

WO IR B 5L T o2 envmiesing (Fig.6,7)

you
® ® Detect eyes amygdala
° Process eyes =|STS
Orient attention
* Follow gaze
Understand mind
me

Fig.6.



Understand
my mind

Fig.7.

A RTREL R
A SFRIE ClL, 2 ORI A8 2B VEL D,

ZORFADERARNY 2 EH R D—IZ, L%t NBifR FOREE
DMEEL, (RSO REDAR FARES LD (I, B¢
DL ZAMRAED LA 1E, M OB TRUED FRL
TOBEV L DD) . Bz 13, 22 Bl A GRIEIC
RUC, _BIboFEA AT, EORER, AR CIE, B
FUZ LA BOIREIME L QOB EDHERS I, ITEEOH
FRIMEIIZECIE, FEAITHEIC I DS TSSO RER 4
TRIELCWBLOMNRHD, LU EDFERNBIT, A RIVEICE
T DAHEE DTS, ZOt MRS S5 — 2D HR]
THDH AR A NEL TEY,

LBOHE

AT, BN L DTG RS F\ O C L iR B
DRI LT DA =X D o]z, SHIT, EREOFMm
BT VAR, Fiz, R BEERAOFHERAIS 12—
NPT B I FIFEEAT) TRECH D, F-Fix 1T, BUE,
sense of agency|ZBETDIRENA, T4 EDIFHEO R B
BROUIIASA T A TNOW TR O, EFEFIE Ak
THEZRBRE L CTHIATL . 2O TEhSERORE A CE D515
et a2l — i al ERA NS0, ZRHOMZEIE, A-n
Ry MO TEFI BN A F—T oA A DERLT A
FHT DA L L B s,

BTN
1) Posner, M. L. (1980). Orienting of attention.Quaterly Journal of
Experimental
Psychology, 32(1), 3-25.

2) Friesen, C. K., & Kingstone, A. (1998). The eyes have it!
Reflexive  orienting is

Psychonomic Bulletin Review, 5(3), 490-495.

triggered by non—predictive gaze.

132

3) Tomoko Akiyama, Motoichiro Kato, Taro Muramatsu, Fumie Saito,
Ryoko Nakachi, Haruo Kashima: A deficit in discriminating gaze
direction in a case with right superior temporal gyrus lesion.
Neuropsychologia 44:161-170, 2006

4) Tomoko Akiyama, Motoichiro Kato, Taro Muramatsu, Fumie Saito,
Satoshi Umeda, Haruo Kashima:Gaze but not arrows — a dissociative
after  right
Neuropsychologia 44(10):1804-1810, 2006

impairment superior temporal gyrus damage.

5) Adolphs R, Tranel D, Damasio AR: The human amygdala in social
judgment. Nature. 393:470—474.1998

6) Whalen PJ, Rauch SL, Etcoff NL,, Mclnerney SC, Lee MB, Jenike
MA. 1998. Masked presentations of emotional facial expressions
modulate amygdala activity without explicit knowledge. ] Neurosci.
18:411—418, 1998

7) Adolphs R, Gosselin F, Buchanan TW, Tranel D, Schyns P,
Damasio AR: A mechanism for impaired fear recognition after
amygdaladamage. Nature. 433:68—72, 2005

8) Tomoko Akiyama, Motoichiro Kato, Taro Muramatsu, Satoshi
Umeda, Fumie Saito, Haruo Kashima: Unilateral amygdala lesions
hamper attentional orienting triggered by gaze direction. Cerebral
Cortex, 2007 (in press)

9) Tomoko Akiyama, Motoichiro Kato, Taro Muramatsu, Takaki
Maeda, Tsunekatsu Hara, Haruo Kashima: Gaze—triggered orienting is

reduced in chronic schizophrenia. Psychiatry Research, 2007 (in press)

10) FHHHE, KRR T BRI, HAG B, AT &RC. hk
Jt—RB, R ATAO BUREIEORER~DT7 47 —RE7 /L
PHEOT T u—F FHIEEIEES 2B190 B AT A
L IRTY N, 2007 451 A 29,30 B, HUR TSR LIS
VINA



2)

Bentley

Hoy?

133

(courtship song)

||| PSPS ||| PSPS ’ll

CSCPSP CSCPSP CSCPSP
1
(PSPS)
1
2
3)




100

w0
o
T

80

70

60

50

BELMEFEL B =B ()

2)

HEL (ELMEEKEVERK)

(crowding effect)

1.5

4)

2.0

25

134

Ca Cb Cc 3

cricket)
9

Ca
Ch 24
Cc 17

a.
Int-E
Int-3
Int-L

Hid-E

Hid-3
Hid-L

A RS

1-|
1-
-

i wl ——-———ll

(Crowded)
45 70cm

32cm

6

22cm 3

(Internet)
3

(Hidden)

Cbh Cc

HiLiWoieE

250

(Ca)

B =0

dktl‘

(Internet

C Haaonm



(

(INt-E Hid-E)

Hid-E

5

5.1

100mg

A RE (o) vs MH (a)

(=] 1.1}

E. MH (a) vs {A3-3z}iE)

=% -1
- - HE)

01 2 3 4 8 &

4)

4)

12cm>=<36cm

(Int-E)
5)

B M (a) vs ME B

F. {x4-33HE) vs {x3-35HE)

. A=k

1 2 3 4 5 &

5)

GO () vs £o5-3ab(3)

O KA
B {A-3rhil

ol

G foh=3vb (3} wn {eh=1vb )

01 2 3 4 6 &

BEMHEOL AL

Int-E

0 () vs W E)

)
| ERE

uiHiiln

H R E) ve {e3=3ak (E)

135

5.2

( 6A)

12

( 6B)

6)

12

( 6A)



A EITBOFRE ()

X R E (%

50

B~ DB (%)

o 1 2 3 4 5 & 7 1. Bentley, D.R. and Hoy, R.R.: Genetic control of the
Pk okRE (B) neuronal  network  generating  cricket
(Teleogryllus Gryllus) song patterns, Anim.

Behayv., 20:478-492 (1972)

2. Konishi, M.: Birdsong: from behavior to neuron,
Ann. Rev. Neurosci., 8:125-170 (1985)

3. Nagao T., Tanimura T. and Shimozawa T.:
Neurohormonal control of the mating interval in
the male cricket, Gryllus bimaculatus DeGeer, J.
Comp. Physiol. A 168:159-164 (1991)

6 4. lba, M., Nagao, T. and Urano A.: Effects of
population density on growth, behavior and
( ) levels of biogenic amines in the cricket, Gryllus

bimaculatus, Zool. Sci., 12:695-702 (1995)

5 Nagao, T. and Yamamoto, S.: Effects of social
experience on aggressiveness and development of
the sexual behavior in male crickets, Comp.
Biochem. Physiol., 124-A, S57:S38-5 (1999)

(muricide) H. F 6. Garattini, S., Giacalone, E. and Valzelli, L.
Harlow) Biochemical changes during isolation-induced
9) aggressiveness in mice, in Garattini, S. and Sigg,
E.G. (Eds), Aggressive behavior, John Wiley &

Sons, New York, pp. 179-187 (1969)

7. Valzelli, L. and Garattini, S.: Biochemical and
behavioural changes induced by isolation in rats,
Neuropharmacol, 11:17-22 (1972)

8. McKinney Jr., W.T.: Primate social isolation, Arch.
Gen. Psychiat., 31:422-426 (1974)

9. Harlow H.F. and Harlow M.: Social deprivation in
monkeys. Scif Am. 207:136-46 (1962)

2]

6, 7, 8)

136



YL DRI RE

pii ¥ (=Y i

Abstract

AR EIL, BB ALV OREHEIRTTE E
BUT, ZNZENOEEDOFR SN TCORE
2 CTeBMERIR OB ZH NI L, 5T

ZO}ERIROIT & 72 5 it fadiE s il o
MZTHZLEZAEL LTWD, REEIL, 2
ITENRRERAITH OB B AV v OGS MER
D ORI E R L TR O MRS ELE
LTITA DS RAERERLHEFEOREL E
ATV, REmE AW PIHEREZBEB L, Z
DFREBROER O | - HIHBEREMEA & D
AHBEORYMLHBTX -, &b, EREY
DS ITERRR OBETF 1D A BDOT 2T
ACEREBHOBRZHEIES L) TEN
True—FHiadT,

® Introduction
HFx b NI, FECOR %ﬁ&@%b&m& ﬁ
NEFDH, @EIEe< BERICER D oMb
WTAERLTWD, MW%®L@7E?X%\M
AL STy kﬁi%% IOET ARG,
Z DFEE MBI %@wﬂ (k7 AL B THE
T%étwiéo%hE@% EOHITIZ, fLoE)
MREIZR bW, BEICRELLZSEICLD =2
2= —va Y REREENLTWD, B,
TOLEMEICLY, FEEE I =F—T
VEARIENCEERIERE ST A
HET, TOMHNOERIEELEEIWY X, B NOA
PRI BN FE & Ll L& ATV S, IEFEZ D
iéﬁthﬁﬁmﬁM@ﬁﬁu\@%&&éﬁﬁ
. HEODEREZEASEDLZD SRSy
%ﬁ%@f%Ajj«oib%hﬂwkb\ im%%%
IZHDHDTIHRVWMEREEN TN
ZD XD I A E VD B %ﬂ%m:%i
RAIE X RSB TRAEDN TE LD, RSP
BRI DO X5 I28EE LTI 2D Z D

~
N
~

AR

) He

%
HEH

AT

137

LR

BEEHROMEEIEM

B E

TERWNRIA—F—%WOMETH LT, &
PR ENEE L < | MR R T e —Fidix e
A ETREINTW e, —F, FBRETEIFRICRB W T
I, BRRETORAIBMOERBIZIZLY ., &
DX REEN SRRV iz nT
b FB IO A % K3 2 [R)—FE{E (AR fE O FH A
BAGRICHRAT LT AR HATEN DR 2 7032 — U3
WMESHTWD, L LANSBATIMICA O
DA OMEEN, A B2 5 H 5w HEREEIZHE
JESID DM, AL E B IE—FRIC LoEss S 472
WD EW D ST ST,

B et el e e

[ Lo )
Multi-Dimensional

" Recording Technique

.51

Py It

el poapn i’ L F I
| . Conventional

Sorgies coll activiy Recording Technique

Bottom up

Figure | fH IR Y MU —27 0 bME D%
BEIR > b U — 7 i A o

Fig. &, & b O 2 MifkfiE L~ r i 6 R
BN LIZb D TH D, HE2ITZEH DM
MERY  — OO D% < D% & FIEIZIE R
ERVEID L, ZOMIZEHRO R Yy MU —27 %AE
S>TWD, 2N TONFIRR v U — 7 i3t
SNETOMERER R HBfRZ B L TED , B
PR AR Ay VU —27 Tl ETFBEGRE
o2k tlEits b o2 LN hd, TDOX
v U= EEOMEE O T—oDME
RTHDE HENE SR T L D ISR B
IRREBF O R v U — I & E RO, é%
— DTN TH—HiEEZ L THhD &, NEIC



% < OMBEHIPLN X v NU—27 B/ED | 4B 18
B ORFOMIELX EHL L TV 5,

DX BRI Y N U — I fEEOH
THEILSN TV DS RIIMIEREZ | BRI L
SV BH BN L E D LT BT, kD
MRRAFRZH) T 70 —F TIXRANH 5, 787
D UER ORI A PRI TE & 1d ., FEARB IR
fa—2>DIEE) & | ITENRRE TR IS HIE S 7
EDITENR T A =X — L OFEEZ D52 LT, &
7 FEEF OO AR A EE OB RE A A S T L K D
ETHHEDTHoT=BTE, 2F 0., ZEENO%
WICLDINT A= —=DNEHEIHE AN, Linb %
DIEIE DI 4 G 2 & AL T DS & B E5
LA RE 2 B & 2T 5 AT, BlE g
CTAERME D L YA | R RS B o
Lobin b < S ERIAE BEAER DN L 2 %
FHE CILTDRERHLNLTH D,

Z 2T, ARl EERGE T, ESRiMNERE
R L NV EET S 72002 HrLn
FIEEZHBAL, 2z AW THART VORI

BELZHONCT L2 ANET 5, Thbb,

ARFEBREHNZIEL, 2R GCARE RS T OB%
&L ZOISHIC L DS REREA v D —D
DELLNFEE LTS, LLTFICFD2E5DH,
e A BBRRT RERESIZONTR L, L0%
REHEEED D HRIZOWTHERT D, =6
IZZDORFEZETIZ LTI LWRBORREE S 5
BEDL D BRREDHFFEI D DITONTEE
T 5,

o ZUTAMRERIETFEOMS

FR ¢ ZWoTEREREETFRIT ARFZENE
FEWHAEEIT > TWLESHFLWERFHL TS
%o RIROEY | tERRIMFERE DML, kD

FEDLER TEIAETH D, THITEMAIITIE,

FEESHATERCINEREE DS, TERITOIL Tz X H 7
—ER DATENCHGTE BN FLER 72T ClERcal T & 7
WZ &, Fo, ABBREMEEDO L ONFIZIEE
WCTHAFRETH Y, T 2 FEEREREE SO
I FR—IBARARETHLNLTH D,

9. MIEEBIOFETIEIC OV TR, BEoY
IV DIEE D RS )~ & OB PR [R R4k 2 H BY
& L7,

138

Figure 2 (218 M2 BMELER DX A5 I EEROER
T ERY

Figure 21X, 72RO ¥ o 7 A7 B (HAE120

Ry, 800—1.2MQ) & RiSARFTE, EBHATEF,
—YGEEEF BHTAZE, HERZICRIA L7 &2 7R
LTCW5, KEBMITZINZIVMNLIEE S 2080
TEH Lo~V A7a~v=a b —F— (235
LThHb, EBEIZZOFREEZHNCRLGREIT- T
D k| B D OMRIEEI GRS IR K234
HAFIRETH D Z &N -oTz, ik T DRk
AR ENIGEGRB M S, BRI —2EME I Y
LE LIRS, TO%RMBAITHEHESL LT, &
KT, HNERRO80%FED M) M fETE
BAFERTE D, ORIy AlFERIE, £
FULABE IR 2 IZFEFk T & 2 BMO AR LT
W<, T, BT E SN, FOW LU
Ty MRFIAIIS,

AFEOENT- SIL, T OE BITEREO R E
FEZH D, ZIUIERDO FIELE TR RS
WICIZH D, WSRO FETIE, MRS SE I
EEREN DB BT &0 ) L, FRUC L o
THIRRHIIRIE BN N DO D ENFALE TH Y . &<
BZ LN oTo, FT MR TG B RR ek 135
MAERRICEET DI EIIMNEATHY . Bl
DTIR BN AR A2 SRS 5 2 & 23FA
EThoT,

L L7e B, SRR E DR, S L
TFETIEH, INDORIRE 2 B2 &Ik
L, 9. EREMOIETOE T 20, H
HICEIN T Z L2 -, TOBICLE ST,
MR ITE B O L E E IRIZIERE R VWLV T
B odz, FRIRTEENT, YN A2 B LT
LRI RN D Z LIRS\ LN
RBENTz, BEOLL ZOREEORSIL, 1B



(CEMZEET D 2 & T, ERE I L DR
®%W%XFVX%W4MT%ttth%Z
5d,

a
g

E =

t i
moA G KL

i 4] HM‘E li!’fﬂ‘ﬂﬂ

ER AL RA & oA E. ER

gk

Mankay 1)
Parstal

[ B @

G @GR rL ER B @ GR f EH

3

¥

\BE

S

E?
e

Figure 3 28D /L (ML EM2) OHEIEAATER S KL
bl%@ﬂﬁ%‘nﬂﬁfk%

e RH L. SBICZOFEZHWT, 28
DY LD ORIFEFEERIZ KT L7z, Figure 313,
28AD YL > B FERRIZ R IRF R gk S 0 7= kM T s
O EZ R LTV, ZORaEdIMFizix
L LDV LI B L O EEo#E & IXHIR S
TEbLT, < HHRITHZITo TS, ZDX
D IRATENHI R O HEV VIR EE TOBEE Y L6 DIF]
RFRCER TS CHMICHIR N, 5% DS
ITENF OMIEENFLEICIIMNATH D EEZ BN
Do

— 7. ATEIRIRR S D& 9 Z &, fTEh S
MRIEEN OB EMT TR LN E WS T EERL
TWb, D7), RFEBRFHE TIIE— 3 %
¥ 7T v BHEE W T, EBREMW OFTE) A
Jal i &) & [FRFIZ 22 DFRAIICFLek 95 2 & 2l A
oo B—va Xy 7T yiE, FREMICERIZE
HLTew—— D3RI EZFTEHRT HZ LN T
XD, TOVATAEBATLHIZO, FILEHD
EFE—TarXx T F Yy A=V EREL, v— I —
Z FEd L OEEENICEE S L CRtdk a1 T o 72, B—
vardx Iyl Lo CitEkS N~y — T —
T EZFBERT 52 LT, EBEOV LOE) X &4
RIEENFOER & FIRFICHAMER T A Z N TE |t
HI A HE D RRBF I LB & S D FERE ST A3 e ST
T& 7z,

RIRER - S IRIBA%E L 72 e A I ok 03

139

BURCIlIkE 2 7T RE LD RS TN D, 7,
MRIREI GRS TR O W IR, B SRR TE
% HEICHIRN S D 2 & FI-BRONLE % fA]
ﬁ%#ézgﬂhéﬁg BRI & MR & O
AREAEICELET READRDHDL 2R L
TW5, ZAUE, MNERTIZEY CTH D BRI xf
Lfﬁﬁﬁmﬁéuézkmﬁﬁﬁ&ék%z
bhd, TNEUEETHIZ %Wfﬁ%%ﬁ@
Mtk G %i@%W@A$®mw%M’W
\$@®ké%;@ﬁw%®_wﬁﬁéﬁk
MWEZOLND, & OIFEMA S BOG 2 B3
HTlOZ, BMEmMICKRA L —T 4 T EET
_&%T HELTEZLND, BRI
IR ITANER & D — T NNV ETH
Do Z D —7 VX EEREN) O TEELFH 2 i R L
TLEHZ LR, BHEIRIC L - T —7 ViR
EXx DAL EV, 207X —7 Iz X HHIRE
R T 572 DICITERRIC L D08k AT LA 2
ATDHEN) FIELEBEZDNERNDH D,

-

,.

o HHINNIERE DAREA

BUR © ERLO LR IT AR WELek T O B RS =
(PR AR A AT BN R T T O 2{E K )
DAFRRIEEY O FRIRFRLER 21T o 7o, BRI T HH 70 A
EVMETH D, 2BOHLITRD LN TWVED
X, 7—7 N0 EICEREIZL > TENPNLLEZ
BRAHEVFETTHD, fHIIT — 7V Ok~ 728507
IZENIL, b LENZE DY IV ZE DRI B3 ]
RETHIVUX, TOHEZEL Z ENHKD, ZOf
I, 2fE RO e AL E & ST E LT,
Z OISR DOMXLE G U TEIEINLD T LN
ITOITENOE L E R b D% FRIZRT,

&%
L

Position A

Smi g m2

c

Paosition ©
Figure 4 28AD VL 23300 Frp B FAXALEIZIG U THR
ROATEN 2B IRT D8k 1. FAZOV ML, BALO YL

Paosition B

DY RZERTIIATE 290 L T\ %,

20ED VLML EM2IZ E T DS - TR EE
TBHEWOZ L AEEL, B ®$®E<%I®



BHIZIZ100% DR CTRAEMIT Lz, Lo L7
5. HWORERPHNER DA LM A2

Position B3 L OCTIIM2OFTEIN K& < 2 kL
72 T BEAZEMICE N5 L T2
FOMIZTHERITE L IKT L, F4 L DORITTML
DREZ L D 2 &R 0oT-, ZOHA. MLIIIM2Z
HEAR Ue i 228, M2IZHE ICML O TENC B 240 -
TWAHRF BRI N, ZOREZTIc, Ml &
V2D RN T2 EFBMRBRAFIEL, 2O LT
Bt 2 JRIN & L 7= AE S0 72 1T Bl 23M212 4 U
TWDEWND Z DR ENT-,

— FIRRFIZFRek L 7o IR Eh 2 fAT L C A D
& T OAERATENNE A BT 2 AR e S B

PN OBHTHYE) B Rk S Tz,

Position C

)

o’

@M @Mz g&20%
Figure 5 M135 J U2 D SHTHBEMFRE AN 23 12> H 48 H.BY
R0 LT BAMRICIS UC, BNk 2 BOGHE 2 FET L
T2,

-
—

Figure 5i%. M13 X OM220> 5 5odk L 7= 4R A0 M
B, FNENDYIVOIT 9 OB X IZLE - TG
PR LB Z R L TWD, MIEB L UMD FHTEEE
DOFFREAMIL, Position A, TR HEANEN
AR SOAFICULNISE LTV, LavL
RS, BMANRED L, BHOAETIZHT DX
JEPEIZAR T L. i3 oBh X 123 L CORIG A HIN
LCL %, ZOBAITGCT-2MbiE, BEIMIZE
BEMMPECTEZ ERBBICEES -0 TIE L,
FEMTHEAENEL, TS K> TITEIHIR S L
<t TEic bz k- L2 itk - T
Sl anN=boTh D RN RENT,

Z DO TAHEBROFERIL, MF DIFEIC L > TT

-
—

140

En IR o X I oy d W I o R il S | ORE )7D)
FE b O 0 B n Z b, = OMaIEE D
BALR, EBR 72 D=k FE T2 L &
~LUT,

MR © T EBRORE R, MM AaTEEh 23 148
PLEWCEE 2 R ERIC L > THELZ T TNWD D
EWRENT, PREBROBRICIT, EBREOEhE
TE=F—L22ho e, ENICKT DN E H
HZENGhol, ZOZE LD, EROITDOH
%o 5 HBREEB OISR & RN 21T 5 LB
DR ETz,

£/, REEB)OE =% — | T ERENWY O 221
HEEZELROVEENAOND I ENLEETH
HEBZ BN, HEAEEE L TWRVIREETO
AREREB) OFLEIIREH LW, A% OMEE L
TWBERHDHTEA D,

o LS#%DERE

AL L, AP IBEREARE B D 7= O Dk 2 70 e
TR & TR FER 2 P T 72, AT
ST THEBROER LY | ZRCAERBEHRLHET
Bt SIS RE AR I 2 e FIECTH D 2 &
NAEA ENT-, %I, 2 O RTAKRE R
THAEILIIRESE, L Z2E LEEHBEOMRE
Bhaodk e BB L2V, BRI AT L0
WAL D, K OHIROD 70\ FEEREREE O F i &
Hfed, £/, BUEOHT, L OZEMA0E IXFER
FlzkoTariru—LIshTBY, YLEET
< Z EITHERZR W, A H%IT 2 OZERINLE DIER
LV VA MMTZA D X ) ICERREZLET D
FTETH D,

I BT, AEIOTAFERT, FFRIAPTE D
ETHITEIO BN, FRNZAEDTEHOFICH
OEMEDEBHEINTND I LRSI, ZDX
v VT BRI R P SN TR D,
FENRENERD Z L THEICYH VOERK % &t A
W5 ZERHFKE, ZOF—H &L, Ao
AT LADZEDATEIO R 2 A D L9 L7
e 2 . BORRS:, &R & O LRSS &
LT L CWB, ZIUTHPDO T EICEN ST
FHHETH LN, SHOBEDPMFHFINIHETH
HEEZTWD,



DIt : BEEIDHERE

N

RS o KRB

FAERT: ARER, s LA 80

Abstract: In this note, we consider a basic structure of adaptive mechanism in Mobiligence. Concretely,
considering the results of passive dynamic walk, we propose a primitive-template-structure of the
adaptive structure. The simplest structure consists of a passive part and a active part. More
complicated structure is built by these structures and constructs a multi-layered structure.
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Fig. 7. Height of hopping robot during learning. By learning the height
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Fig. 8. Activity of the higher center during learning of the target height
1.0 m. Upper figure and lower one show the activity in the beginning of the
learning and after a sufficient learning time, respectively. In each subfigure,
upper graph shows the control signal, i.e., excitatory signal and the inhibitory
signal, from the higher center to the CPG and lower shows the amplitude
of the motor command which is determined by the higher center. In the
beginning of the learning (¢ = 50 — 150 s in Fig.7), higher center searches
an appropriate signal set. After a sufficient learning time (¢ = 120000 —
120100 s in Fig.7), desired hopping is realized without control signal to
the CPG and without fluctuation of the amplitude of the motor command.
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