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Fig. 1 A local purpose v; and its residual v7; for joint

i(left). A coupling term v (right)
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(a) tg = 0.5[s]

(b) tq changed.

Fig. 2 Typical reaching trajectory. In the left, sticks are
traced every 0.1[s], and in the right, values represent con-

vergence time(when a hand reaches 1[cm] around the end

point).
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Fig. 4 Reaching trajectory(tq = 0.5[s]) when stiffness in
joint 3 changed after ¢ = 0.2[s].
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Abstract— Regardless of complex, diverse, unknown, and
dynamically-changing environments, animals can recognize sit-
uated environments and behave adaptively by theirselves. In
research group A02, we aim to clarify the adaptation mechanism
to recognize unknown environments and gener ate suitable motor
behaviors through constructive and synthetic approaches. The
key concept for realizing environmental cognition and motor
adaptation is a context-based elicitation of sensorimotor con-
straints which are canalizing suitable motions. In the present
paper, we report a preliminary result of our conceptual motor
adaptation model and describe ongoing works.
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Fig. 3. A real-time joint angles/torques adaptation to environmental change.
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Fig. 1. Summary of the present findings.
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k Threshold Al ‘ |

bLC

\__c PPN

WWWWWWWMMWW : A """" o

BB O FEFTHIE OWEINL B IROWEIN & W3 5. —T7,
BAUIIIT &0 JESTE AT 1k U R AL (308 4y b

PPN ~DER
MIZBAT L7z (K2Be) . ZOBRIIHREENRLT 52 L
BB .

SRR I & & 2 ORI A 5 &, v T AGELH
BRIND (X2C) . MLR & LC ~Ofiliid 3= 12 W4
F 7 A% EN (Excitatory postsynaptic potentials; EPSPs)
AT 50, EPSP OFRMEIZIE, /NMEROMEIHE T~
A1% BN (Inhibitory postsynaptic potentials; IPSPs) 734
—NR—=Z v 7L TW2% (X2 Caand Cb) . —J PPN O#ilj4
13/NMEE D EPSP IZft\W\ CTRIERDOIPSPs # i % Lz (X
2Cc) . LC <° PPN ~Oiffillific & 0 5% S 2 IEELLO
i3 KRS8 4y i 1 Z AL B S 7 A B A oD R RS O — 2 T RGN
HHRIZELD LD THD. 1> T, 21 H D EPSP X° IPSP 1
Kx, HERRILER EIHROBBEMLZ T B EEX LN
5.

B. SNr~DEZFREI£E DI i TAREF THES

NBEBHIEDHEIT ) XL FBFEEFT SDH ?

WIZ, FEEZEOHDBHBITY XA E O E KIET
D% fFEHT LTz, 31T REJER; (Plantaris; Pl ; fE B R
) &% j(ﬂi_::ﬁ'ﬁ?? (Posterior Biceps Semitendinosus;
PBSt ; BEAFIRME) oGO HRNEETHD.

ﬂﬁ@@@ﬁ% BT SNr ~D il MLR ORI
DR SNIBENA Y L —Y 3 COREERIIH L. %L
AL —3 g OB RAOIRIEEAD A3 FEL Th o7 (K3A
£38C,#% 1) . DO, MLR OFRIZ L VAT
AGBALNCKBENL TS, AL, 3 b—va U AR
g (M3Aa) (21X, MLR HIJ%IC LY EPSP & IPSP & 3% A
ICHBL L7z (K8Ba) %%, SNr i icid IPSP O BLA
il S41, EPSP OAMR#FHEHE I (K.3Bb) . LM LN,
SNr $lJ 3 AR C I E TR O FEHE BN IT B LR S L

-
-

-
—

Motz (K8Ac) . T D ORAEIE SNr fili%AS, EEjHIEIC
KT BN R A IRV KR < 2 & 1T & v BHTEE) O ARE)M: A0

FL7eZ L aRRET 5.
F72, SNr#ili& MLR Hl# & ZilAGbE5E,

e

W

K2 H$IERREHGREHHRADE
BCKYBRINDINABEE S A
HXEEBMEOBREMLLEL

A; MR O BITRERT I d0 1T B RIS
A7 Bs HIMAATE I ~DRPRI L 2
B REENOF L — g v
(a). HFHE~ORIIC L DIEEN D
oyt (b) . MGG ZE A~ DRI X
DA SN OB (¢). AT
TR O T BIE 2, TSI A
[ (50 Hz, 40 pA, FrFikER 4 - 7 R
AR LTS, C % & OFEEA~D
I I VFERIND VT T ALE
L. BATHRE (a) & FEAE ) ~D
FE L @%i*ﬂ% G B 25 4%
~ORNEE () TP ENL & 7R
#é.ﬂﬁ@ﬂﬁxﬁ&M3@%,m
uA, 5 ms k@ IC ; T .

C Postsynaptic
a .,

potentials
I

50 mvV

A
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TEEIAL & JEEEIIE O & BB Sz 2 L nh, il
e R OGN Lt Ex bhb.

A Pl motoneuron -a -b
Jﬂ}m\f
15
Threshold
MLR (50 Hz, 40 uA) SNr (100 Hz, 60 yA)
c B a MLR b MLR + SNr

SNr (100 Hz, 60 pA)
C PBSt motoneuron

20 mv

K3 #H17Y X LIZxT 5 EERBBA~OFHE.

A REEBIAL O M NGLE. FMRTTHERE (MLR) ~0O%E
SR X W FERSNEIEEM O > L— g v LRI TS
TR (SNr) ~ORRIc kY 7 r v 7 Sz, BEEkE
FROFEL, ERIEAN~OBMER (5nA) IZXVFEFH I
H R ATEINC BTG 2 2o 72 (o). B BT BEHIKIC LY
BREINTZ VT T A%ENM (). BFEEMAF L —T g VO
(Aa) , WUEMEEMN EMHIEEMSBERIND. BEEERT R
WaEMz%a (Ab) , BHIEAIFE iy, BTN O BN
BEIND (b). C; %A A LAECEBMIAICHER S /-8
B 72 S BTG B & BB AR RIL I X 0 B S e, MERRER A~ D Hil%
AEIAS. BEENOA T L— g VA EBL 7.

C. BRI AR DIFEYZS] TS BE AT~ DR 507
FREEE O I BaRH R I EMAT 5 (K1) - T,
R IERIE R 2 TR L, EEhIc SR S v T A%E
PLICx9 % SNr RIS OB R AN L. =2 T LC X PPN
WHIR ANz, & % RIE5R & Il R OB xHG 3 %5 EPSP

& IPSP & &35 L.

X4 12 D—FITH 5. SNr ~ORL A B TMZTZ5E,
EH ORI L Lo 72 (K4A) 23, [F CHEIZPPN
I THIE S b IPSP OIRIE % 441 23) X 72 (X4B) .
& 512, [F—o SNr il LC #I#Ic & v R Sh 5 EPSP
DOIRIE TR L 5 2 720 > 72725, EPSP OFEHICER 5
PN BAL OYENE 2 ) S W72, it > T SNr ~O R IT AR IE
MHRICEVFREND T T REMBE 2B BV (Bl
H) LEZOND. #1123 SNr ORI LV FER SN DIE
HHA~OIEA & &b, FHERIRORERLCIHIR OISENC X

19

ViER S5 EPSP X IPSP (%9 % SNr oz H % £
LT HERITMER LIRBRDNT o A THFF SN DD
T, SNr ~OHIFBIFEROEB IR T S L5722 &3, &
ERZOMATTE, B RETTEISELLEZLN
5.

A Control SNr stimulation

Input
resistance oA
_ _ -
current “soms
B |4 mV
PPN ,N“\ N
stimulation \
* \/ 50 ms *
/
C
LC /\'\/‘»\\4 " /\\\‘/\\,\
stimulation 4
4 “soms 4

B4 SEMEFRINOLENICEL 2HRRERORE

SMAIERE & Z A AT 2> S O NFEE. A ; BEREERE~D
T AL O IS 2 B L S e o 7oL EEAIIRIC RIS 10
nA, F##5E 100 ms OB ER ZEA L=, B MBS~ R

(3 pulses, 40 pA, 5 ms [I[@) (2 XV FF S bk o7 2%
AL OPENE T BB ORI IC L 0 FR ISR Li-. C; g
BRI ORRNGIE, HEERE~OR (3 pulses, 40 pA, 5 ms [Hfg) 12X
DFESE S N BEN T T AR B ORIBII L S BRI o 2
P OB X ITFERIC e o 72, K2 ORI SIE B & REITR L
o, ORI VTay ha—b, FOSFVTEEREERS ORI
LR ER LD, BEBEERS~ORHICIX 100 Hz, 60 A O
HGEHUNE LU & AV .

F 1 REMEEERE O SR

Control (n) SNr effect (n)
N-oscillations/10s (cycles) 10.2 + 2.7 (43) 35+ 1.2 (20)*
V-oscillations (mV) 9.1+39(43) 4.6 +1.9 (20)*
Input resistance (MQ) 1.4 +0.4(7) 1.4+04(7)
Brainstem EPSPs (mV) 2.4+1.0(37) 2.8+1.0(30)
Brainstem IPSPs (mV) 28+ 1.0(37) 1.6 +0.9 (30)*

BATHRIF~ORE CHEE INDREMA T L— 3 o (N)
g (V) , SEEIEORIRET, (&R0l R ORIEIC L 0 7F%
SN 5 BUEMEF JOMHIE S F 7 A EAITK LT, BEEEE O
FIEh R AT Lo, B, P, EEzE, Yo 7 Eks
RLTWD. kENTEEMEERESORIC LIV HE (p < 0.05) £
{BLTERFGA—=FZRLTND.

IV. £

A BEHIC I SETHIBIDA =X 4
T ORFRRARE, B BN~ OBS R A L THT
ZHIEHT D [6] &V ZIVE TOMRRMREIFFTLHDT
HD. IHIT, ZORFFRNY X LA & 7 RIEFRER
DRI DIEE & TRE 5 2 & THITEB 2 HIE3 25 2 & b
L& 7pote. Eiz, SNr O HMFIE CIREB ML o B
DESERWCHE ST, MLR ~OFICil% S 5 4447



U XLz L. F0BE, SNr ORI EEHI S5
B MEIER 2 P9, PEPEER 2 6l 2 2 E A6 5
Elpote., ZTOAAN=ZALTRD 2 5B W TR TEET
5. B mE, AL —a Ol mEN E LT S
e 2 T 0 75 2 & THTY LB 5 L
Thsd. ZhZX v MLR #IXES I BEER O A%
FBRTDHIEIRY, TORE, WEB X OEGEIEO
JEEEALIIRT & I T 52 &1 d. 8 R,
EHHBZOEH IR TS LTHD, HEEDIER L
PR & OB EMEERNTEET 5 (4 ©oT, HEkk
FBERS 72 & O BIRILER OIFENIBINH 23210 5 Z L1
L. fERE LT, REED B MER~O B H ) oI, #*
TEEIESED &, HREZHMSELLEEZZOLND.
ZDORE, R & ORI O ERESENT 5 2 & XM %
BEL, EHICKH L THED AT R A E R 5k
< ECHERThDEBZLND.

INHOBEZFITHESL &, RIFEORFEIZX 5 BRIz &
WBHZENTE D, HITEENT Y X DA 2 T
ROAEER & RO OIEE % LEE L35 (K5A) . L
ML, FEEEED DR A~OIHIH DN 2 &, VX A4k
AR & 1 BRI R OVEBI MK T 5 2%, A EBRIR(EE R D
HENIHRICEEINT D L B2 N5, TORE, MmEEL
SOLEWVIRRE T TIREILT 5 (K5B) . £ LT, &EK
NHEOHAMET T2 &, BATHRMBTH. ERELT, &
ERZIIEE D TATROIFENE 2 W HANCEMi+5 Z Lic kD
BITEHIET 2D THA .

B. BEEBDIFOHIHIA B =X LDEEENESZE

PR=X Y URTIE, FEEIROTLEITIN 2 TRTREE S H
B9 5. P THREAITES L BAT ORI EE R RE % 1
72L T3 [4, 6], MEEEBIT AR KR R (R
g IEELV—7) A LTHIEENS [2] 28, —F, K&
R ERER & BATIF IR IR OB G R %2 L CTHIE & 5
ThAI [4,5].

KIS B RO DVE B X TR AL 7> & O Ry e I EH <
Z OWEMENEIZIMH STV 5 (1] = O RER S EF i
VEFIC XAV AT A A = X L D—D2 L L T2 B —iF
M=z b7 2 MOBFEAN BT b3 [1]. = okiex, @
oL & BBl ONEF 2 fAfbE s Z Lz kW BESHh
L. BIZE, g, BTEBRGT 200, B0, TR L
LD, XZDOTavRZLVHIBEENSDTHS .

FEROFFSMBIERIC X 55 —oiEEHIfH A =X 41X
Free A2 B E 25 L7720, HOWIMET LY 752
LTk, ENETHEES AT LAOTEEABEERET S
ZETHAY. ZOFEEBRITIER & 4 HER Y AT LDTE
A EFOICHERT 2 ECEETHA S . flE LT, 4
TRRICEBIT B U X2 B 7p b FREOSITEESZ I hEREY
LR L~V D EFHIER ETh A D [4].

Do TIJEMEIL, FER) & T 2 EE T AT A% L TR
—ZEMR o P T A N EZONEEIHEARE L WD 20Dk
7l (Template) 522D ThbH. HEITKMEENS
RETE RSB R Y, WERLLIEBONREZIT 5. 1
S THRERIIFEEME, SO EEoFEE %2, R CGUR)
WARAE LT i@ 2 FTRRIC T DATEN B~ & B D) & 2 F¢
DLEZLND.
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Basal ganglia

— ; output
m
Rhythm generating Normal
i system
S Excitatory system ]- —
= L] \ Spinal

o

"+ Inhibit t i
1 nhibitory system W cord

Basal ganglia
output
B — Increase
] Excitatory system &=
E;_ﬁl‘:hqéwm
: S| oo

B5 AXMEDELH

V. 5

SEIERL D> B IMER ~ D HUTIIHAT ) X L5538 % & SR Bk
IR DTGB 2SR 5 2 L2 L 0 TR EIET 2 = & 38
Binklpode. FEER D O ) OTCH#EIIRIT 2 1L &
, RRFHCHBELVEENSE 5. BEE?»S 015
BRI L2 5E, 20 A =X AOBEEIRKEN S—F
VPRI HATIRE L ARIROTUE (ERE) o I
T s Ebhs.
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Fig. 1. Overall architecture for adaptive locomotive agents
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Locomotion in various environments in living snakes
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Fig. 3. Snake-like robot
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Fig. 5. Sensor to measure friction and normal force
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Fig. 6. Sensor pattern during meandering locomotion
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Fig. 7. Tekken 4: a dog-type servive robot exhibited at Aichi expo
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Control diagram for runningp; means the output phase of the

Fig. 9. A biped robot “Que-Kaku” driven by McKibben artificial muscles.
(a) CO2 hottles, (b) electromagnetic valves, (c) electric cell, (d) micro

computer with amplifier, and (e) round foot and touch sensor
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Fig. 13. A sketch of the 3D walker “Pneu—Man”. The swing joint of left
arm is physically connected to the right hip joint, and that of right arm to
the left hip joint.
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Fig. 12. A 3D pneumatic actuated walker “Pneu—Man”. It has 10 joints with

10 pairs of McKibben artificial muscles, totally 20 muscles. Chbttles
are attached to tips of arms for balancing.
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Behavioral modeling of crickets and multi-agent robot system design

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

Abstract: Many studies have recently been made in the field of multi-agent robot systems. However, the design
methodology of adaptive behavior of the multiple robots in the systems has not been thoroughly understood. In this
paper, we discuss how the adaptive behaviors were designed for the multi-agent robot systems in our former studies.

Then, we discuss the importance of modeling of group behaviors of insects such as crickets. Finally, we present a
plan for modeling of the crickets' behaviors.

Keywords: multi-agent robot systems, crickets, adaptive behavior
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Table 1
@
(a-1)
(a-2)
(@-3)
V)
(b-1)
(b-2)

Table 1: Task classification of multi-agent robots

One-time Many-times

|- motion planning coming and going

point  |-cooperative handling between two positions
reaching |of a large object
-pattern formation
region  |-sweeping -periodical cooperative
SWECPIE | .map generation sweeping
|-cooperative -collecting objects/
compound transportation n foraging
unknown -robot soceer

environments
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Fig.1 Iterative transport task by multi-agent robots
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Analysis of adaptive behaviors emerged by functional structures in interaction networks

gobooobooood

Kurabayashi, D. and Funato, T.
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Tokyo Institute of Technology

Abstract:

Recent researches in animal brains showed an interesting explanation about transitions

in crickets’ attitude after fighting with other crickets. The result accounted that the changes in
structures of neuron-network at crickets’ brains controlled the attitudes. The structures of network
have a strong effects for the behaviors like this. In this paper, a network built with nonlinear
oscillators was dealt to study the effects of structure. The relationship between the characteristics
of convergence about oscillators and the structure of network was confirmed. Then a concrete
method for controlling the convergence states of oscillators was proposed.
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Report by Avis H. Cohen:

The ideas of the group are very ambitious and look toward enormous gains by the
community over the 5 years. The groups are well conceived, and full of creative
individuals who have already proven themselves. In summary, this is an incredibly
exciting group, with wonderful ideas, and goals, with a good chance of success.

The group will generate AND will require, as emphasized by Prof. Shimozawa: non-
linearity of interaction — they will gain more than the sum of their parts: IF they do what
they/he said — have strong collaborations, regular meetings, good educational programs to
give everyone the necessary background (don’t need to all have the same depth, but
should at least know each other’s words and meanings and constraints). Need at least one
biologist in each group to keep the group “honest” and pointing to problems and bringing
up new ideas from the biology. (I recommend he be kept as part of the group, if willing!).

Currently, the group consists of many wonderful ideas, good organization, and already
has made substantial progress in many directions. This was clearly exemplified in the
presentations. No need to itemize, as all were up to very high standard. All are currently
interacting well, apparently, and have clear goals and directions.

One challenge is in the physical distances among the groups. It is necessary to bring a
sense of cohesiveness to the whole, and allow all the members to gain from discussing
with the others.

Another challenge is in the intellectual development of the individuals, to guarantee that
the different disciplines do, in fact, bring the power to each other that is required to
achieve what they have set out to accomplish. This will be especially important as the
group gets larger.

Recommendation:

1. Set up a regular educational program for their students, so all have common
background. Have biology at core, as recommended by Shimozawa, perhaps at
some central place, but not necessarily.

a. But this must be taken seriously. The students must be aware that this is
not fluff, but important component.

b. The courses should be taught be individuals who are either part of the
program or who share the goals of the project, to guarantee that the spirit
of the courses carries the message of Mobiligence.

c. Should include in this, seminars with speakers from their campuses, but
also outsiders. Students should be required to hear the lectures by
everyone, especially those outside their particular fields.

d. Students should be encouraged to have a common meeting program to
build a sense of comraderie among them. This will give the next
generation easy collaborations, and will help them learn a common
language. It will also be a source of new ideas, and new collaborations.

64



2. Have regular meetings of the parts and the whole. Have, perhaps, a regular
“retreat” or nice meeting where they report progress and discuss new directions,
but also can get help and ideas for their projects, and can share ideas.

3. A challenge will be for all to ask “dumb questions” to learn from each other. This
will require the older, more secure members to ask the questions first. They must
set the tone. It MUST be permissible, indeed, advisable for the group members to
be able to show they don’t understand. The ideas MUST be understood by the
researchers across the disciplines. THIS IS THE CHALLENGE, and this is the
only way to accomplish this very difficult task.

4. There is clearly the intention of including a social benefit, but there was little in
the presentations that emphasized it. | believe this should be enlarged and made
more explicit.

65



Review Comments of

Prof. Rolf Pfeifer
(University of Zurich, Switzerland)

66



Mobiligence, Sapporo, 5 December 2005
Comments by Rolf Pfeifer
1, Overall project and strategic goals

The project is right on target, both in terms of basic research and potential applications.
Targeting medical applications is useful and strategically important to get the support of
the funding agencies and the population at large.

The way the program is set up it bears the potential for breakthroughs in two ways: First
for understanding the principles underlying motion/locomotion and engineering
respective systems. Second, it also represents a first step in a long-term quest for high-
level cognition, where cognition is fully grounded in sensory-motor interactions. At this
point, this may not be so important, but it shows the long-term strategic potential of the
project.

2. A note on the cooperation between biology and engineering
The question is always: “What can you learn?” (e.g. by building a robot)

The transfer should not only be from biology to engineering, but both ways, which can
best be achieved in everyday close collaboration. There should not be a “naive” transfer
from biology to engineering. It is important to note that biological systems have their
own intrinsic dynamics of the joint neural/body system. That is, the neural systems are
matched to their specific body dynamics. Transfer to an engineering system only makes
sense at the level of principles since the artificial system, because of its completely
different morphology and material properties, will have a very different intrinsic
dynamics.

Close cooperation will beneficial even if it is hard to quantify exactly what is gained.
Often it is hard to pin down precisely what the transfer precisely comprises.

3. Materials

One might want to put materials more explicitly onto the research agenda. Recent work
in the physiology and biomechanics of locomotion has demonstrated the importance of
materials for movement/locomotion. Of particular interest are muscle-tendon systems and
artificial skin with haptic sensors.

4. Group C: Social adaptation

Currently, the project is focused on elucidating the brain mechanisms underlying certain

types of social interaction. It might be of interest to also look at embodiment, e.g. to
experiment with different types of morphologies for the pheromone receptors.
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Morphology is an enabler of social interaction and interesting results might be achieved
because various morphologies can be studied with robots.

5. International visibility

Achieving visibility not only at the national but at the international level will be very
important for the success and the acceptance of the project. If international recognition is
given, it will be easy to defend the project and the apply for additional funding.

Sapporo, 5 December 2005 Rolf Pfeifer
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December 5, 2005

Comment by S. Kitamura (Kobe University)

The plan of the research initiative of “Mobiligence” is well
organized. Herewith | appreciate the efforts done by Professor H. Asama
and his colleagues for starting this initiative and also for realizing the
meeting in Sapporo.

Although | have scarcely anything to say at this moment, | wish to
add a comment:

Attending this meeting, | have reconfirmed the
importance of interdisciplinary studies such as the topics here.
However, to promote this research initiative actively for next
four years, it will be very important to have substantial
discussions between young researchers from different fields;
In our case, engineering, biology and medicine.

| would like to ask the Steering Committee to prepare
such opportunities, especially at the starting stage of the
initiative.
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