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Abstract: Animals generate locomotion adaptive to various environments by cooperatively manipulating
their complicated and redundant musculoskeletal systems. To elucidate such intelligent locomotor mech-
anisms, we study locomotion in the Japanese monkey based on numerical simulation. In particular, we
constructed its sophisticated skeletal model based on the anatomical data obtained from CT and achieved
physical kinematics during locomotion based on motion capture data. By generating locomotion by nu-
merical simulation based on the skeletal model, kinematic data, and neurophysiological knowledge, we
clarified how adaptive locomotion is achieved through dynamical interactions between the skeletal system,
the nervous system, and the environment.

Key words: Locomotion, Japanese monkey, neuromuscul oskeletal model, CPG, Numerical simulation
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0 3: Kinematic description of the whole body skeleton of a Japanese monkey as a chain of links.
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0 4. Acquiring kinematic data during locomotion in the Japanese monkey. (a) A Japanese monkey
walking on atreadmill, (b) sixteen markers attached to the monkey displayed on the skeletal model.

O 5: Estimated skeletal statesin walking
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0 7: Simulation result of locomotion in the Japanese monkey.
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Abstract: Animals generate various motions by cooperatively manipulating their complicated and redun-
dant musculo-skeletal systems controlled by the nervous system. To reveal the mechanism with which a
steady movement is generated, a lot of researches are performed. In such previous researches, it have been
shown that the musculo-skeletal properities themselves are able to provide stability of it's motion without
the need of a sensory feedback system if the muscle architecture and the paralles elastic elements within a
muscle are tuned appropriately. Then, in this study, we show that the condition of stability is greatly eased
by limiting the targeted movement to the periodic motion. And, the force-length relationship, which is the
one of the most famous propriety of muscle, play a decisive role of realizing of the self stabilizing ability

of the musculo-skeletal system.

Key words: self-stability, periodic motion, musculoskeltal system, preflex
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Adaptive Output Regulation of Multilinear Systems
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Abstract: In this paper the output regulation problem for multilinear systems with unknown parameters is
considered. Based on the Lyapunov stability theory, an adaptive controller which stabilize the system is
derived. Then sufficient conditions for the output regulation problem with full information to be solvable
are established. Simulation results are given to illustrate the theory.

Key words: Fuzzy System, Output Regulation, Adaptive Control, Stabilization

1. Introduction

The purpose of this paper is to develop a method for designing an adaptive controller for a class of unknown
nonlinear system described by multilinear system. Multilinear system contain the Takagi-Sugeno fuzzy model
which describe a nonlinear systems in terms of a set of local linear models which are smoothly connected by
fuzzy membership functions. Stability analysis of T-S fuzzy systems have done mainly by Lyapunov stability
theory[1]. Stability analysis based on common Lyapunov functions is proposed in [2]. It however requires that
the so-called common quadratic Lyapunov function can be found for all the local models in a T-S fuzzy model.

In this paper, we propose an approach for stablility analysis and control design of multilinear systems. First
we consider stabilization problem of multilinear systems. Then, we consider stabilization and output regulation
problem of multilinear systems which contain unknown parameters in system matrices.

2. Stabilization of multilinear system
Consider the multilinear system

s s

&= Ni(x)(Aiz + Byu), > Ni(x) =1, 1)

=1 =1
wherex € R" is the state , and € R™ the control input . The matriced;, B; are constant and of appropriate

dimensions. \; ara continuous functions of state We assume that the statels accessible and consider the
regulation problem for (1) under the following condition.

Assumption 2..1. (3~ Ai(2)Ai, > _ Ai(x)By) is stabilizable.
=1 =1

Let Q be positive-definite. Then(], Z)‘i(g”)Ai) is observable wher€ = ,/Q. Since E)\i(x)Ai,

i=1 i=1
Z)\i(.I)BQi) is stabilizable by Assumtion 2..1, there exists a positive stabilizing solutiosf the algebraic
=1
Riccati equation

=1 =1 =1 =1

Now we set

i )\zAz = A, i )\iBQZ‘ = Bs.
=1 =1

and introduce the control law
u = —BgXx 3)



and consider the stability of the control system.
Theorem 2..1.1f Q — X > é1, then the multilinear system (1) is asymptotically stable.

3. Adaptive regulation and Adaptive Output regulation
Consider the multilinear time-invariant system

r

=1 =1 (4)

z = Ciz + Diiw + Diou,

wherez € R? is the output to be regulated and the matriggs By;,B»; contain unknown parameters and the
other matrices are assumed to be known. We assume that the: stasecessible and consider the regulation
problem for (4) under the following conditions.

Assumption 3..1.

1. (Z i) A, Z \i(z)By;) is stabilizable for any unknown parameters df ( B;).
3 =1

=1
2. The matrix

Adv=| o i=1
C Dy

has full row-rank for each eigenvalueof S for any unknown parameters @ Ai(x) A, Z Ai(x)Bay).
=1 =1

r

Note that if each ;, Bs;) is in the controllable canonical form theE Ai(x)A;, Z Ai(x)By;) is stabilizable
=1 =1
for any unknown parameters ofi{, B-;).

Assumption 3..2. One of the following conditions is satisfied.

1. Ay is a square matrix, i.e. the input signaland the reference signal have the same dimension.
T T

2. D15 = 0 and (Z Ni(x) A, Z \i(x)Ba;, C1) is controllable canonical form.
i—1 =1

3.1 Preliminaries We shall consider the regularity properties of solution of the algebraic Riccati equation and
the regulator equation with respect to system matrices. We consider the algebraic Riccati equation:

ATX + XA+CTC - XBBTX =o. (5)
Here we consider the solutioXi asX = X (A, B,C).

Lemma 3..1. Let (4q, By, Cp) be stabilizable and detectable.
1. There exists a neighborhoadd, of (4¢, By, Cp) such that each4, B, C') € N; is stabilizable and detectable.
Moreover for each 4, B, C) € Ny, there exists a nonnegative stabilizing solutiin= X (4, B, C) of (5).

2. There exists a neighborhoad, of (Ag, By, Cp) such that for each4, B, C) € Ns, there exists a unique
solution X = X (A, B,C) of (5) which is continuous and continuously differentiable in each element of the
matricesA, B, andC.



Next we consider the regulator equation [3]:

AIl —1LS + B; 4+ BoI' =0, ©)
CiII+ Dq1 + D' = 0.

We recall that the regulator equation (6) is solvable if and only if the matrix

A—-A B

A = Cy D1y

has full row-rank for each eigenvalueof S [3]. For fixedC,, D1 and D1, we show that the solution of the
regulator equation (6) is a continuously differentiable function of the elements Bf and B>. Suppose

Ay — A By

=n+ Ve o(S).
Ci D q (S)

rank

Then there exists a neighborhodf} of (Ag, By) such that for any4l, By) € My,

A—Al By

= A ) 7
. Dis n+q VAeoa(S) @)

rank

Lemma 3..2. Supposed; is a square matrix, i.e., the input signaland the reference signal have the same
dimension. Then the solutioR(T") of the regulator equation (6) is continuously differentiable functioBpfnd
(A, BQ) in M.

3.2 Adaptive regulation of a multilinear system First we consider the stabilization problem. Introduce an
estimator and adaptive laws of the form

g‘c:AmchrzT:Ai( (Aj — A x+z/\ Bhw+ZA )Baiu, (8)
] i=1

A; = & = —)\(z)Pex” Bh = U, = —\(z)Pew?, .égi = Uy = —\;(x)Peu’, 9)
whereA,, is ann x n stable matrix,P is the solution of the following matrix equation

AT P4+ PA, =-Q
for some positive-definite matriQ ande = & — 2, ®;, = A; — A, Vy; = By; — By, ¥y = Bzi — Bs. Then the
error equation is given by

ée=Ane+ Z i (@) (i + Yiw + Woiu). (10)

If some elements ofi;, By; andBy; are known, we can omit their adaptive laws in (9), but for notational conve-
nience we use (9).

Lemma 3..3. The system (10) and (9) is globally stable.
Let @ be positive-definite. Thert[, A)is observable wher€ = /Q. Since (} _ \i(x Z i

=1
is stabilizable by Assumtion 3..1, for eacthere exists a positive stabilizing solutiéf(¢) of the algebralc Riccati

equation

Z/\A ZAA )+Q— X(t Z)\B ZAB =0. (11)



Lemma 3..4. X (¢) is continuously differentiable with respectitand is uniformly bounded.

Now we set

and introduce the control law
w=—-BI(t)X ()& (12)

and consider the stability of the adaptive control system.

Theorem 3..1.1f Q — X > 41, thenz and & are bounded andlim e(t) = 0. Moreover, ifw = 0 then

t—o00
lim z(t) = 0.
t—o0

Corollary 3..1. If fl(t), ég(t) — 0 ast — oo, thenz andz are bounded andim e(t) = 0. Moreover, ifw = 0

t—o00

thentlim z(t) = 0.

3.3 Adaptive output regulation of a multilinear system Now we consider the adaptive output regulation
problem associated with (4), (8) and (9). In this case regulator equation is given by

ATl — IS + By + BoI' = 0,

(13)
ChIl + Dy1 4+ D1oI' = 0.

Lemma 3..5. Under Assumptions 3..1 and 3..2, then there exists a solufipi’) of (13) which is continuously
differentiable function o, B; and B, and is uniformly bounded.
We choose the controller
uw=—BI )X )&+ (D(t) + B (£) X (£)I1(¢))w, (14)

where X (¢) is the solution of the Riccati equation (11) corresponding to (4), (8) and (9). The following result is
obtained.

Theorem 3..2. Suppose Assumuptions 3..1 and 3..2 hold) ¥ X > ¢ andII — 0, then the adaptive output
regulation is fulfilled i.e.,tlim z(t) = 0.
Corollary 3..2. Suppose Assumuptions 3..1 and 3..2 holdfl(h‘), ég(t) — 0ast — oo andII — 0, then the

adaptive output regulation is fulfilled i.eilim z(t) = 0.

4. Simulations

Example 7.1
Consider the nonlinear mass-spring system

£=—0.01€ — 0.67€° + v, (15)
The nonlinear term satisfies the following conditionsfar [ — 1 1]:

—0.676 < —0.67€3 <0E, £€>0,06 < —0.6763 < —0.67¢, &

N
o

Hence it can be represented by the following multilinear system:

2

& =Y Ai(x)(Aiz + Biu), (16)
=1



. 3.164
x(1) ——
w(l) i 3.162

X(1,1) ——

3.16

3.158

3.156

X 3.154

x(D),w(1)

3.152

315

3.148

3.146

3.144

1: Step tracking. 2: Solution of the Riccati equation.

1[4

M(z) =1—€% Xo(x) = €%,a1 = —0.01, ap = 0, a3 = —0.68, ay = 0.

where

0 1

as a4

aBi =
ap a2

Whena; are unknown bud; is given function and stateis accesible, this is an example of the multilinear system
(4). We design a state feedback controller such:thét) — 0.5. For this purpose we sét; =1, D;; = —1 and
take the following exosystem

S =0, w0)=0.5.

In this casdl become a constant matrix. The simulation result with) = [0.8 0]7, @;(0) = 0 andb, (0) = 0 is
shown in Figure 1. Note thaf — 0 and assumption holds in Figure 2.

Example 7.2
For the system (15) we design a state feedback controller suchfftat— 0.3sin(¢). In this case we can set
Cy =[1 0], D11 = [-1 0] and take the following exosystem

S:

0 1

-1 0|’

In this casdl become a constant matrix. The simulation result witt) = [0.1 0], w(0) = [0 0.3]7, a;(0) =0

is shown in Figure 3 and Figure 4. Figure 5 and Figure 6 show the results when all the matrices are assumed to

be known. When all matrices are known, we can see the outgaes to zero from Figure 5. In this exampie
does not go to zero but assumption in the Theorem 2..1 hold.
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Abstract: This paper describes computational models of a cognitive process of mode awareness and esti-
mation of other agent’s goal by people. The both cognitive processes are required to work with automated
systems composed of multiple control modes. These models are built to represent two concurrent processes
of the people. Oneisthe processthrough which they devel op multipleinternal models corresponding to sys-
tem’s multiple control modes or other agent’s internal goals through interactions with their facing systems
and external environments. The other is the process that the people recognize current mode by using pre-
diction errors calculated by their developing internal models. This paper is composed mainly of two parts.
First, We describe a Situation-Sensitive Reinforcement Learning (SSRL), which enables an agent to notice
the other agent’s change in his/her intention and learn adequate behaviors. We evaluated the model through
asimulation. Secondly, concerning human mode awareness, experiments of observing human user’s mode
awareness about a driving simulator with ACC (adaptive cruise control) system are made. Additionally,
the simulation results using a computational model of the user's mode awareness based on our proposal
model are presented. The result suggests that our proposal model is valid by comparing those data with the
experimental data.

Key words: multiple internal models, reinfocement learning, ACC, mode error.
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Abstract: Designing robust controllers by use of neural networks is based on a competition. Competition
between a neural network, which acts as a robust controller and uncertainties of the plant, plays a very
important role to be robust, and it also causes simple order formation, such as power law scaling, which can
be found in a set of trained robust controllers. Such simple order is widely found in nature and complex
systems and natural systems. Any learning methods without considering uncertainties can not form such
relations. Therefore competitive learning will have important relationship to order formation in various
systems. Using numerical simulation of atoy problem for desiging robust controllers, Order formation in
competitive training is intensively analyized.

Key words:

1. bOooo

gobooooobooobooooobobgooboooboobobobobooobobobooboooonoo
goooooboboboobooobobobooooooboboboboobobobobOono
000O0000oopoooooDooOOoDOOODOOODOO0 JODO0000000oDOODoOOo
goodooboboboooobooogoooobooboooboooooooobobobOoonoog
ooboooweBOOOOOooOooOOoooooboboooobobobooooboobooooboog
00000 Baradbas-Albert 000 00O0OOOOOO0O0OO0O0OO [IDO00O000O0O0OOOOOODOO
gobogboogooooobooogobooboooooooooobooboooooboooboobooD
0000000000000 0000000000000000O DoyleC 000 Highly Optimized
ToleranceJ HOTO O OO OO OOOOOO0OO0OO0OOOOOOOOOOODOOOOOOOOOO
OooOooooooOo @EuHoroooooooooooooooooooooooOoooDoon
bobooboooboooooboboooobobuobobooobobobDoobobobUobOoo
gooooooboboobooooobobobooobobobobooDooboboobbooDboD
gooooobooooooboboboooooobobboooooboooooDobUobo
HOTOOOOOOOOOOOODODOOODOOOOOOoOoDOODOOoOoOoDoOOoOoDoooooo
oooboodHoTOOOOOOooOog 198 boecbboooooooooooooooooD
oooooooooboHoTOODOOOoOoooooOoooooOoooooboboooooooooDoO
O000000000000000000000000D0D000 (H,OOOOOOoooooooo
goooobooboboboooboooobooboboboboooboboboboboboboOono
0000000000000000o0O00o0000000D MUUopooooooooDooooo
ooooooboobooooobobog

2. DO0OD0ObOODbOoOobOo
ooooo(yooooooooooooooo

@(t +1) = f(x(t), u(t),v(t)) D)

O000x(t),«(t) 0000000000000 0000t) 00000000 O0OO0OCODOOO
00000 000000000000000 100000000000 00O00OOOO0O0O0
gboooboobogboboboboooogoooogooong
goboooooocoboooboobo200oboooboobooobboobbooobooDbooDo
g0o00OC0OOO0O0O0OO00U0UOoOCOCOO0OOOO0U0UU0O0OUUOUDUUooOoOooOO (fRIooooooon
000000000000 20000000000000000000w(H)DOOO »(t)00O0O



NNG

v(t) Neural X(t
Network
r(t) u(t) X(t+1)
T NNete\‘/Jvrj:k Plant > X(t+1)
> Plant
. Neural
0100000000
u(t) Network ["x(t)
NNC

O2000000000D00000O0

00000000000000000 (0000000000000000000000000
00000
2 2
min max Z]V I? = 2w ()] @)
z(t) = h(:c(t), u(t)) ©)
000 .000000000000000000000000000000000000000
N000000000000000000000000000000000000000000
N0000000000000000000000000000000000 @0000000
N000000000000000000000000000000000000000000
0000000000000000000L00000000 HOTOOOOOO0O0000000
0000000000000000,0000000000~00000000000 Ly000
000000000000000 1/y00000000000000000000000000
0000000000000000000000000000000000000000000
0000000000000000000000000000000000000000000
00000000000000000000000000000000000000~0000
N000000000000000000000000000000000000000000
00000000000000~0004*00000000000000000000000

3. oogno

goooogooboooboooobooboboobooooobobooboooooobooboobooon
ooog

zi(t+1) = 21(t) + h-22(t) 4

zo(t +1) = 2(t) + h { (1.0 — 23 (1)) wa(t) — x1(t) + u(t) + v(t)} (5)

[21(0), 22(0)] = [£0.5, 0] (6)

lu(t)] <U )
00000000000000000000000000000000000000000 200

2(t) = [Vawi (1), z2(t), u(t)]" 8)

0000000000000000000 70 150000000000 (490500000000
wt) 00000 »()00000000000000000000000 u(t)=—-v(t)00000
000000000000000000000000000000000000000



cooooOoO0o0o0oooooooooooooo(muoooovooooooDooooobooo
U«000000000D00000000»000DO00O00ODOODOOO0OO0O0ODODbODO
0000000000000 00O00000D0O00UO0UUUOOUOODUDODOOO WO
O va-de-pole0 000 BUerOD0O0O0O0OOCODOOOOO00O0O0ODOODOOOOOOOOOOOO
0000000000000 ooooooDoooOOoOoOCOOOO@eUOUoOOOD ebDO
go000OC0O0O0O0O0000U00oUUDUoUoDooooOO ®oLOoOoooCooOoOoObOUoOoOUOg (0o
000000000 «0000000D0000 22)0000000000000000000
U0eOO00D0O0OO0ODOODOOOODOODODOODOODOOODODODOODOODLOOD
gooooobobob ebO0bOO0O0O0O0OD0OO0O0ODDOOOODOODODOOO0OObO0ODbODO
gbooooboobobobooboobooboboubD eDODOOOOO0D yOOODODODO
oooboobooooooobobobooobooboboooboboobDoobobUobOoo
oooooobooboooooobobobobobobobooboboo

00000000000 U 0000000000 «0000000000000 1/4*000
000000000 300000000000000000000000 e-1/4*0000000
gboooboobooooobooboboobobooobobobooooboobobooboobobba
goooobooboobobooooobooboboboboooboboboboboboobOono
ocoobboooboooooooboooobooobbOOoobbooob UvoooLooDOoOooDo
gobooboogoooobooboobobiobebOoobOoobbOobbOobOooDOobDO
oo0oboOo0o0oboOoO0obOOo0o0o30Uobbo0obDOoOooU0ooOooooboOoooOoOoooDo
UbeUO0O0O0OO0DOO0ODOODO0ODODOODOODOOOODOODOODODOODOODOODOODO
gooooobobooooobooboooobobooboboobooDobooobobooDoboboD
go0obOOoOo0oboOooOoOooOoOO0oDOO0OOO0OobDDbbOOoOospDboUobboovvbooooDoo
gbooooobdob e000OO0OD0O0ODODOOOOLOOODOODOOOODOOODOOODbODO
goooooboboboooobooboobogoooog

4. 00O

ooo0D [G5eO0000000D0ODODODOOOOOOOO0OO0O0O0OOOOOOOOOOO
0000000000 DoyleDOODOOOHOTOOOOOOOOOOOOOOOOOOOOOO
goooobooboboboooobobobooobooboboobooooboooooono
goooboobooooogobobooooboboboooooobobooboooboobobooon
gooooooboboobooooobobobooobobobooDobooobogooboDoboboo
goooooboboboooooboooboobobooboooboobobooobooboboobOoonog
goooooboboboooooboooboobobooboooboobobooobooboboobOoonog
0000000000000 ooooooDoDoO[IOo000000oooooooooon
goooobooboboboooobbobobooobooobbobobboobobobOoDo
goooboobooooogbobooooboboboobooooboobobobobooooo
gboogobooooboobooboooboobgoboboobooobooboboboboboobono
goooboooogobobobgoooooobobobooboooboobobobobooooboon
ooooooobobobooboooooboboboobooobooboboooboobobobOoonoog
ooooooobobobooboooooboboboobooobooboboooboobobobOoonoog
ooooogoog

oooo
[l 00;00000000,0000,1997
[2] Albert Barabasi(D 0 ;00): 000000000, NHK OO, 2002

[3] J. M. Carlson and J. Doyle, “Highly Optimized Tolerance: A Mechanizm for Power Law in De-
signed system,” Phys. Rev. E, val. 60, no. 2, pp. 1412-1427, 1999



1/g"

1/9"

1/g"

10 —— T T
trained neural networks @
0.250 —--—---
(0.23963*X**(-0.47674)) -~~~
1
e
».
01 e
Y
.
ve
001 Sy
L%
.
0.001
1le-04 0.001 0.01 0.1 10 100 1000 10000
a
10 - T T T
trained neural networks @
(0.985948*X**(-0.50122)) --------
1 8
LAY
"-:(
0.1 5
R
..
.
"‘.'
..
0.01 &
0.001
le-04 0.001 0.01 0.1 10 100 1000 10000
a
10 - —— T T
trained neural networks @
0.7372 -~
(1.919852*x*+(-0.51764)) --------
1 v
L ey
e,
L3
0.1 B
.
e
®e
4
0.01
0.001
1le-04 0.001 0.01 0.1 10 100 1000 10000

a

eU=15

1/g"

1/9"

1/g"

T
neural networks

" vained .
0.467 -
(0.724*%+(-0.53176)) -~~~
1
.oy
”o.‘
0.1 o
..
..
..
oy
0.01 e
¥
0.001
1le-04 0.001 0.01 0.1 1 10 100 1000 10000
a
10 r r r
T trained neural networks @
(1.442232%+(-0.50734)) -+
1 <
voe-
e
.
.
0.1 ‘--,. .
..
e,
.
...
0.01
0.001
le-04 0.001 0.01 0.1 10 100 1000 10000
a
10 —— T T
T trained neural networks @
0.7955 -
(3.048334*x*+(-0.52698)) --------
1
oo =
S
‘..
0
0.1 ..
g
.
0.01
0.001
1le-04 0.001 0.01 0.1 10 100 1000 10000

a

f) U = 2.0

0300000000000 ULO0OO0OO0 a0 1/v*000

[4] Hiroaki Nakanishi and Koichi Inoue: Order Formation in Learning Nonlinear Robust Control Sys-
tems by Use of Neural Networks, Proceedings of |EEE International Conference on Neural Net-
works 2006(CD-ROM), 2006

[5] Hiroaki Nakanishi and Koichi Inoue: Design Methods of Robust Feedback Controller by Use of
Neural Networks, Proceedings of the International 1CSC/IFAC Symposium on NEURAL COM-
PUTATION(NC' 98), pp. 731736, 1998

[l DOODOO:00C0O0000O0O0O00000OODOOOOODOODOOOOCO,DO0O00C0O

ooo0Coooo,val. 12, no. 10, pp. 625-632, 1999



Joogoogoooooooooood
Jdoooooooood

gobbboooooboo b odd

Abstract: The main interest of this work is appropriate function allocation between humans and machines
in a complex technological system in order to maximize the operational effectiveness of the system. To
address this issue, cooperation structures between perceptual and motor systems to produce natural hu-
man behaviors are focused on, especially in terms of the criterion for deciding which functions should be
assigned to the automation newly introduced to the system. A cooperation structure of a natural human
ambulatory movement, i.e. walking, was analyzed from the perspective of ecological psychology, and then
applied to the design of an automated behavior of a remote controlled robot in a tele-operation environment.
Effects of the purposefully embedded connection between robotic behavior for viewing and for ambulation
were examined for the system’s performance and usability.

Key words: Human-machine systems, function allocation, user interface design
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Abstract: For the purpose of realizing the functions of the human hand on mechanical systems, funda-

mental understanding of the human hand is necessary through intensive observations of manipulation tasks

by humans. As an example of a skilled manipulation task, we target origami folding. We first analyzed the

difficulty of origami manipulation and designed a robotic mechanism that can make a origami work, Tad-

pole, based on the observation of origami folding by a human. Although the appearance of the developed

robotic hand is dissimilar to a human hand, we succeeded in performing the origami task Tadpole.
00odoooDoooooooooooooon

Key words: Multi-fingered hand, Origami folding, Dextrous manipulation, Flexible objects
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Abstract: Human locomotion system has ‘pull-in effect’, in which if the ground swings with specific
frequencies in one’s frontal plane, a human’s gait rhythm changes into the ground swinging
frequency from one’s natural gait rhythm. However the cause of the effect is still not clear. This paper
notices human’s posture controlling system, and refers to the cause of pull-in effect with suggesting a
dynamical human gait model which has two legs and posture controller. Firstly the features of pull-in
effect are clarified experimentally and secondly the posture controller which works for stabilizing
frontal body behavior is studied. Then a dynamical human gait model is established from the results.
The model consists of two beams and a mass representing legs and center of gravity of one’s body. It
basically behaves passively, but only the posture is controlled actively. The model shows the features
of pull-in effect very well, and looking at the behavior of the model, it is explained that the posture
controller causes pull-in effect.

Key words : Synchronization, human walk, vibration, Human Gait Model, Pull-In Effect, Posture Control
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Abstract: The physiological and physical characteristics of articular cartilage are constructed and maintained
through complex joint movements, involving in fluctuations of compression, rotation and friction. In the field of
regenerative medicine, recent efforts at creating a morphologically and functionally matured cartilage have focused
on developing an effective culture method using various external mechanical stimuli. Lubrication properties can
be strongly affected by the tissue structure including surface properties in addition to the biological conditions of
the tissue. In this study, following the concept of “bio-environment designing , chondrocytes were cultured
under the tribological stimulations using a lab-made stirring chamber, and the effect of loading history including
loading time and period on the expression of tribological properties was examined.

Key words: Regenerated cartilage, Tribological property, Loading history, Bio-environment designing
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Abstract: UHMWPE wear and oxidation-fatigue resistance are regarded as the main two mechanical properties to
extend longevity of the knee prostheses because the wear debris causes osteolysis and the oxidation-fatigue leads
to severe destruction so called delamination of the knee prostheses. Our group reported that the vitamin E-added
UHMWPE can prevent delamination destruction. However, there are no reports on knee simulator wear tests
conducted on VE-added UHMWPE. In this study, wear performance of vitamin E (DL — a tocopherol)-added
ultra-high molecular weight polyethylene (UHMWPE) was examined using knee simulator test. Wear volume and
volume distribution of debris was compared between virgin and 0.3 wt% VE-added UHMWPE tibial component.
The VE added UHMWPE showed lower wear volume and less percentage in the size range of 0.1 — 1 mm which
is believed as the most influential size for osteolysis. The results obtained in the current study suggest that
VE-added UHMWPE may prolong the lifetime of UHMWPE knee components by preventing not only

delamination destruction but also osteolysis.

Key words: Attificial joint, UHMWPE, Vitamin E, Debris, Osteolysis
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Abstract: Topology optimization methods have been successfully applied to a variety of innovative mechanical
structure and system designs. This research proposes new topology optimization methods for the designs of
multiple-band dielectric resonator antennas and phononic band-gap structures as extensions of the topology
optimization to multi-physics and multi-scale problems. Several numerical examples are also provided to show the
utility of the methodology presented here for the optimal designs for dielectric resonator antennas and phononic
band-gap structures using multi-physics phenomena and multi-scale effects.

Key words: Topology Optimization, Multi-physics, Dielectric Resonator Antenna, Phononic Band-gaps,
Structural Vibration
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Abstract: This research proposes a novel demand forecasting method which will work effectively
even in such circumstances where extrapolate-able demand patterns are hardly available. The
proposed method uses a market mechanism, called the prediction market system, to aggregate the
tacit knowledge of the firm’s sales people on the future demand of a product into a continuous
forecasted demand distribution. In order to make it work effectively and smoothly, the paper
introduces a new type of prediction securities and an original market maker algorithm suitable
for the security type, and furnishes them to an intra-firm prediction market system. As a result,
the transactions can be conducted with the computerized market maker whenever necessary, and
hence a sufficient liquidity is supplied into the market even when the number of the traders is
small. Further, the market maker can output at any time an aggregated demand forecast of the
sales people as a continuous distribution. An agent simulation model, where each trader has a log-
utility function, is also developed to show how the proposed method works, and running it reveals
the parameters upon which it depends how quickly the forecasted demand distribution converges
and how stable the forecasting process is.

Key words: Demand forecasting, information aggregation, information markets, market maker,
micro macro loop, prediction markets, tacit knowledge
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Abstract: In conventional job-shop manufacturing, a machine operator’s expertise plays an indispensable role in
conducting process planning and determining machining conditions. Although computer-aided process planning
systems (CAPP) has been long studied to support the decision making process of human operators, it is still a
difficult issue to model an expert operator’s decision making to perform safe, and yet efficient machining process.
In this project, we have been developing a manufacturing system support an operator’s process planning.

Key words: manufacturing, process planning, machining conditions, end milling
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Abstract: Demand for comfortable cabin condition is increasing for vehicles such as automobiles and airplanes
and therefore machine noise must be improved. Drive train noise is one of the serious problems because it is
outstanding and uncomfortable. Drive train noise is caused mainly by micrometer-order form error of gear.
However, the relationship between the characteristics of gear noise and form error of gear is difficult to analyze
because noise evaluation is related with human sense. Therefore, there is no design method to improve noise
evaluation. This research proposes the virtual gear noise generating system based on form error of gears and the
evaluation method of gear noise. By this method, the influence of form error on gear noise is investigated and the
design method to realize comfortable gear noise is developed. In this report, new evaluation method of gear noise
at design stage is proposed, where the characteristics of human sense are considered. The effect of proposed
evaluation method is investigated using sensual evaluation.

Key words: Noise, Gear, Comfort, Form Error
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