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 Part 1 Humanized Computational Intelligence
Hideyuki Takag,
"Fusion Technology of Neural Network and Fuzzy Systems:
A Chronicled Progression from the Laboratory to Our Daily
Lives,”
Int. J. of Applied Mathematics and Computer Science,
vol.10, no.4, pp.647-673 (2000).

e Part 2 Interactive Evolutionary Computation
Hideyuki Takag,
"Interactive Evolutionary Computation: Fusion of the
Capacities of EC Optimization and Human Evaluation,”
Proceedings of the IEEE, vol.89, no.9, pp.1275-1296 (2001).



[Historical View }
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4 @ I
@ Auto-Designing FS Using NN
OEC)

Many consumer products and industrial systems.

washing machines, vacuum cleaners, rice cookers,
copy machines, microwave ovens, electric thermos pos, ....
1st middle roll

IF scanned shape is = THEN control A
IF scanned shape is ——— THEN control B

IF scanned shape is —=—=THEN control N

thick/thin pattern

AS-U roll

time scanning

.. point at

<

scanned depth
of plate surface

: >
width direction

time t



Fs) Embedding Explicit

Knowledge in NN Structure
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@ @ Auto-Designing FS Using GA

Membership functions in antecedents, consequents parameters, and
the number of rules can be simultaneously auto-designed by GA.

/—[ Many Korean Consumer products ]—\
Samsung

refrigerators (1994)
cool air flow control by FS
washing machine (1995)
motor control for lingerie washing by FS

LG Electronics
dish washers, rice cookers, microwave ovens
neuro-fuzzy estimation or control
refrigerators, washing machine, vacuum cleaners

\\ fuzzy control /




fa—y

on-line performance

4 )
@\ Fuzzy Control of GA Parameters
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[
User Trainable NN Based on GA

rule area B

rule area A
ﬂ)om temp.
outdoor temp. __,| RCE type | —» control
time NN ref. temp.
reference temp.

remote key

warm/cool

Air conditioner (LG Electronics) RCE type of NN



NN fithess function of GA

[ GA for on-line process control }

How to find the best GA individual
without applying to the actual process ?

/ qE; otosynthetic rate <_|C02 \
%_ G A <I21:tne);shvalue) N N >
«| _|watrdrahage |
& | &supply

Water control for a hydroponic system



Cooperation of
Computational Intelligence

Powerful cooperative technologies
have been developed for these 10 years.




[What Comes Next ’?}

computer real human

® System optimization based on human evaluation

® Computer support system for creativity, psychological
and physical satisfaction



‘Analytical Approach and
Synthetic Approach

Conventional Al approach is to model
human or biological intelligence.

Computational intelligence research has
been biased to this analytical approach
too much.

Human Is superior to its model.

A synthetic approach is to directly
embeds a human into a system instead
of its model.



Two Different
_ Human Capabilities

Knowledge KANSEI

Intuition

reasoning

preference

expression

acquisition subjective evaluation

associative memory perception

learning cognition

etc.



ROBOTICS,
CONTROL

DATA
MINING

SINGNAL
PROCESSING

Humanized technology

-

natural environment

location,

speed,

obstacles,

~

250

N

acquired knowledge

human environment

preference,
subjective evaluation
emotion

gualifying the knowledge

\
>

-

physical measurement

AN

filter design S/N ratio




Humanized Technology

artistic sense

classic
Engineering

experimental
psychology

Human Interface

Statistical Tests Subjective Tests

KANKEI Engineering



[Direction of Computational Intelligence]

Interactive
Evolutionary

COmputati()n one research
direction Is:
s | NN FS Humanlz_ed
Computational
(1989) GA+FS | I i
NN ESAGA Intelligence
Cl as Cl to be

Cl for human

human models a competitor of humans



N

Part |l

Interactive Evolutionary Computation

Applications
of

J

Hideyuki Takagi, "Interactive Evolutionary Computation: Fusion of
the Capacities of EC Optimization and Human Evaluation,”

Proceedings of the IEEE vol.89, no.9, pp.1275--1296 (Sept., 2001).
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What is IEC ?

" \
—=|SYSTEM |-—@~— humerical | |—f oy aTep =c= Perceptual or
< target S | cognitive target
by NN/FS/GA by Interactive GA
o oMb 0))
N\
EC > | CAD —>
* X
—> €6 S /human
iy &3 operator

subjective fithess value
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Interactive EC user evaluates

~

_multiple individuals in each generation

- crossover J—

1101100101001
1100101001100
1100101010100
selection §>

0101100011010)

mutation %" .
1011001010101

Individuals

subjective evaluation as fitness values



fithess

Searching spaces of interactive EC
tasks Is generally simple, because ...... )

\

Any searching points that human operators cannot
distinguish are same for human.

A

fithess

searching parameter space searching parameter space

(normal EC search ) (interactive EC search)




Statistics of IEC Papers

'80s ['90 |'91 ['92 |'93 ['94 ['95 ['96 |'97 ('98 |'99 |'00 |total
graphic art & CG animation 2 31 2| 4| 5| 5| 2| 2| 4| 9| 4| 42
3-D CG lighting design 11 3| 1 5
music 1] 3| 3| 1 1|1 3| 5| 17
editorial design 1 1] 2 4
industrial design 2 2| 1| 5| 4 2|1 41 9| 29
face image generation 1 11 1| 2 11 4 5| 1| 16
speech processing & prosodic control 21 1] 2 1] 1 7
hearing aids fitting 21 71 5| 14
virtual reality 1] 1 2
database retrieval 21 1| 8| 8 1| 20
knowledge acquisition & data mining 5[ 3] 3| 1| 4 16
image processing 1] 2 3
control & robotics 1 2 3| 4| 4| 14
internet 1{ 2] 1 4
food industry 11 1 2
geophysics 1] 2 3
art education 2 2
writing education 11 3 4
games and therapy 11 1| 1 3
social system 1 1
discrete fitness value input method 5 2 7
prediction of fitness values 11 2 1| 8| 3| 1| 16
interface for dynamic tasks 1 1] 3 5
acceleration of EC convergence 11 1| 3] 1 7
combination of IEC and non-1EC 1] 2 3
active intervention 31 2 6
total 21 O 5 8|11 23 (28| 22 |48 |57 | 43 | 252




Researches on Interactive EC

@Takagi Laboratory

[application-oriented } [ Interface research }
(1) 3-D CG |Ight|ng deSign SUppOrt (1) input interface
(2) montage image system 1.1 discrete fitness value input method
(3) speech processing (2) display interface
(4) hearing-aid fitting 2.1 prediction of user's evaluation char's
(5) virtual reality in robot control 2.2 display for time-sequential tasks
(6) media database retrieval (3) acceleration of GA convergence
(Jointl) virtual aquarium 3.1 approximation of EC landscape
(Joint2) geoscientific simulation (4) active user intervention to EC search
(joint3) 3-D CG modeling education 4.1 on-line knowledge embedding
(joint3) fireworks animation design 4.2 Visualized IEC

(joint4) mental disease diagnosis
(joint5) underground water management
(joint6) MEMS design



[ IEC Research Categories }

/graphic art & CG animation\
3-D CG lighting design
music
editorial design
Industrial design

\face Image generation /

@screte fitness value input method\

prediction of fithess values
Interface for dynamic tasks
acceleration of EC convergence
combination of IEC and non-IEC
active intervention

Nisualized IEC

gpeech processing\

hearing aids fitting
virtual reality
database retrieval
data mining
Image processing
control & robotics
Internet

/

food industry

\Qeophysics /

4 art education

writing education
games and therapy
\_soclal system

~

)
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Interactive GP for Graphic Art

File Edit Window &gt Help

File Resize Redraw

File Edit Replace Redraw

/ﬂ\
/ \\\@\

AN 7
|min| |c05|
e | - \ |

ra
hypot|  |cos| -0.750| cos| vX0| Xvol
E A | |
vxo| xvo| vxol -]
|
0.297

System designed by Tatsuo UNEMI
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" Our IEC-based CG
Education Projects

/

\

—{CG support systems|

*CG lighting design
svirtual aquarium
*3-D shape design

fireworks animation design

\

EC

Internet version of IEC interface

subjective fitness




" 3-D CG is Simulation of Photograph:
CG Lighting Is important
as same as that of photograph

Y pe: drectonal
sw ich : on

Lm nance: L

cobr: G .,c)
diecton: ©, @,

Y pe: onndrectonal
- sw ich : on

Lim nance: L

cobr: G ,0)

bcaton: ©O,, 0




‘GUI for IGA-based |
Lighting Design
and GA Coding |

Bad ¢ o o+ ¢ ¢ Good | "SAVE |Badec¢;.-<;(innd.'m-IBndvas.»;.oGnud' SVE |

o

[

Bad ¢ ¢ 2 ¢ ¢ Good % I Bad - ] o o 2 @ « Good | m I

Bad ¢ o o o ¢ Good | savE =hc ¢ » ¢ o Good [ smyE |"f="<h o ¢ o o ¢ Good | ‘SaVE |
Interactive GA for €4 ‘ et Conerauons. l
1 bit 1 bit 4 bits 8 bits 8 bits 8 bits
monochrome Ilg htlng type ON/OFF [luminance| latitude |longitude |distance
¢ light 1 b g— l0Nt2 _pg— light3 —pp

30 hits 30 hits 30 bits

1 bit 1 bit 4 bits 4 bits 4 bits 8 bits 8 bits 8 bits

CO|Or ||ght|ng type ON/OFF [luminance| hue |saturation | latitude |longitude [distance "

< light 1 b q— light2 — g light3 —pp
38 bits 38 bits 38 bits




GUI for Manual Lighting Design

SAVEI

Lig?
Directional < Point
on < off

Lig2
<> Directional <¥ Point
on < off

Lig3
<> Directional < Point
on < off ; - Edit  Sliders

Mormal <> Edit : : E .
N — o

0,39

1,00 |

Edit




[ IGA for 3D CG Lighting Design }

By K. Aoki and H. Takagi

Gloomy impression  Cheerful impression Heroine movie star  Wicked movie star




[Result of Subjective and Statistic Tests}

—— 1% level of significance

=== 5% level of significance
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IGA-based lighting design looks effective for beginners.




Virtual Aquarium

by Y. Todoroki, H. Takagi,et al.

Visitors create their own fishes at home or school and
enjoy to see the fishes swimming at an aquarium.

\

fish body

and

fin models

3-DCG| |
engine &

\

EC

A

//] _ 1= /".

S ————a__
£ _ _/ pl

~

L ]

Internet

client

Ral
< @,
&K

virtual aguarium




[Fish Shape Modeling by Math Functions}

by 3 Bezier curves



User Interface and Created Sample Fishes
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[Autonomous Fish Behavior Model }

BOID : mutual fish positions and predation relationship

Behavior decision rules

W=

Chase the nearest prey fish.

Escape from the nearest predator.

Keep a certain distance from other
fishes.

Each class of fishes has own max.
Speed.




Education of Imagination and
Creativity for 3D Shape

It is difficult and time consuming for computer
beginners (artist, non-technical student etc.) to
acquire 3D modeling skill.

o

Apply IEC to support CG skill and focus on
educating imagination and creativity.




3D Model Example

-G

IEC changes shape parameters based on user's imagination

B =LY L8y )

4 PS I:)6




IEC-base 3D Modeling Concept

3D shape

Image to create

Q
Q
@

]

(ale
gach
Sy\a()e

designer

ERR
YUl

© :very good
O :good
X :not good

PET

display a set of new shapes

Genetic
Algorithm

create new 3D geometries by
inheriting highly rated shapes
and simulating natural
evolutionary processes like
crossover and mutation



[Subjective Test}

Only 48 (8 parameters ><6 primitives)
parameters are modified by GA

Realistic Creative Examination
Examinationﬁ ferocious green pepper

Quality Manual >> IEC Manual = IEC

Operability | Manual > IEC Manual < |IEC




/Internet version of IEC 3-D Modeling
Education System

\

isualize

D models

by explored
arameters

CG System
for Artwork
Creation

CG System
for Car Body
Design

CG System

display
generate
d models

for Education

IEC-based Modeling Interface

network

o o [ )
m " . : .

il | " Hli
students artists car

designers



[Evolution of Funny Animated Figures}

by Jeffrey Ventrella

Objective

\ Fitness

IEC Function




Design of Fireworks CG Animation
- parameter setting -

by K. Aoki, C. Tunetou, and H. Takagi

BIKE
£ (KEE)

osl O
0

(Brm &)

Some of real-fireworks parameters are used
In our design support systems.

structure of fireworks ball
types of HOSHI powder
kinds of powder

layout of HOSHI powder
etc.



|

Design of Fireworks CG Animation

- structure design -

|

layer structure of

fireworkls ball

Q

0

®

@

types of

HOSHI E)owder

}

The structures of others are as well.



Example of Student’s Works
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type and position
of one of 32
foreheads

7 bit

[ Montage Image (1/2) }

eyes
and their
separation

shape and
position of

nose

7 bit

target face

7 bit

by C. Caldwell and V.S. Johnston (1991)

shape and
position of

mouth

shape and
position of

chin

7 bit

7 bit

= 3.4 X 10"
faces

montage face
three days later, 10 GA generations



Montage Image (2/2) l
hair H \

eyebrow — EEsLae——m
eyes

by H. Takagi and K. Kishi

nose

mouth

face basement / 0S8, houth, Outine
"Then, I'd like to fix the eyes."




[ IGA for Music}

[Sonomorphs: Melody Generator} by G. L. Nelson (1993)

[GenJam: Jazz Solo Generator} by J. A. Biles (1994)

MIDI sequence

bass

piano | | drum

code |
progression

FUR A

>rJ
j ilopr./

@ ®
[==

phrase
populatl

measure
population

A

[ Rhythm Generator

(—

good/bad

by D. Horowithz (1994)



Industrial Design

by H. Furuta




HTML Design

¥ Hideyuki Takagi — Netscape
TrLE RBEE #FRW PeUIE Communicator@)

Td2 ARattasad 3
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- 10 % Hideyuki Takagi - Metscape
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Communicator (S

by N. Monmarche et al.
:

| g
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He was born in Gifis Prefecture, JTapan in July, 1956
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from Toyohashi University of Technology in 1991

He received the degrees of Bachelor and Master from Kyushu Institute
of Design in 1579 and 1981, and the degree of Doctor of Engineering
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Curriculum Vitae

He was born in Gifis Prefecture, Japan in July, 1956

He recsived the degrees of Bashelor and Master from Fyushu Tnstitute
of Designin 1979 and 1981, and the degree of Doctor of Engineering
from Toyohashi niversity of Technalogy in 1991

K_NE NN

e = =0 B sh BT

Bl AP D N2

font of letters, colors of letters and background, and etc...



Evolutionary Banner

\ by R. Gatarsk

Q2 b

R
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| Dansgolvshit |

Visitors who click
the banner




Stability 1.0,
Power 0.5,
ol > | Making Layout
with IEC
Vigor 1.0, etc. . .
v

Color Poster Design

Changing Colors
and Fonts with IEC

Completed Poster

By T. Obata and M. Hagiwara

Colors and fonts are CLEAN, and layout is ELEGANT.
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[ Why IEC-based Signal Processing?}

There are many cases that SP users are not
SP experts but need to design SP filters.

%\
By B o y €« -’ \‘; O .
- . ) ‘nﬁ &), {
—— image filter !

hearing aid

Solution is auditory-SP and visual-based
SP without any SP knowledge.

IEC realizes this approach.



[ Recovering Distorted Speech }

A B
i N (7N
Distorted Speech = ——
Mt A A
—— "
/
H@:i&Z‘ | Igﬁm
k=0 Interactive GA
dg| Q1|3 | 33|19y |85)| 8|3
%

8 bits
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Experimental Result

-- Method of Successive Categories --

W

distorted
speech

1.0

-2.IO -1.
%
A A A

a little
poor neutra

a little

C,C,.C

10 ™20 ~40

Sheffe’s method of paired comparison
showed that this difference is

significant (p<0.01).

\ distance scale

|deal Situation : GA filter design
when ideal speech is given.



4 .
Experimental Result

kSheﬁ‘e’s Method of Paired Comparisonsj

-1.0 -0.5 0.0 0.5 1.0
poorer ;° ., | Detter

e distorted speech
@ 10th generation of recovering speech

B —Q @9 20th generation of recovering speech
: ' : ‘ 40th generation of recovering speech

combinations
operators @ Vvs.(10) |@ Vvs. 20 | @ Vs. (40| @) vs. 20) | @0 vs. (40) | (20) vs. (40
A O [ O | O O | O
B O 1O | O | O O
C O 1O | O O | O

difference is significant (p<0.01)



[ How Distorted Speech was Recovered? }

[ Formant area was mainly recovered ‘

20
>
aliaalaaa]

llllllllll

012345678910
Frequency (kHz)

(i) A

S
7

0123 456 7 8 910
Frequency (kHz)
(i) B

20

llllllllll

0123456 7 8 910
Frequency (kHz)

(iii) C



[Voice Conversion by Interactive EC}

by Y. Sato et al.

spectral
—p] . . —
information
—— \ N speech
original Speech synthesizer
speech | |analysis :
pitch
|l lamplitude||_
tempo

prosodic Scontrol
<subjective evaluation j(

EC




IEC for Agent’s Voice Design

By T. Morita, S. Iba and M. Ishizuka

£]Try out Microsoft Agsl | pascy! orer - 13l[x] ;
, .

iR PN BB SH-YD
N 5

/msdn microsoftcom//workshop/imedia/agent/ TryMicrasoft Agent htm = @iz

E-]

ut Microseft Agent

Type in samething and click the Speak button 4
rk
Speak rter
Or elick one of these ather buttans: i
h
Tell 5 oke Sing & Song |
c Here's what you'll need to use this page: J
)
. 1. Windows® 98, Windaws 98, or Windows NT 41 GB6)
2 Titsrnet Explarar version 4.0 or lster
- 3 A Pentium 100 MHz PG or fastar) i
('U 4. At least 16 ME of RAM
E. At least 661K free dick space for the Microsaft fieent camponents, 31 MB for Peedy and an additional 1.34 ME for the L&H TruVaice Text-To- it
) Speech eneine
_— B A Windows-compstibls sound card B
CU T fcompstibls st of speskers and misrophons Gacom mendsd) i
> To access other Agent components, go to the [Downloads page a

To learn how to program the character to do other things. go to the Microsoft Agent Documentation page

Bzt ||| B EdMac: rms - B2( - re. || £1Try out Microsoft Aeent .




[ Hearing Compensation is Difficult }

| cannot L

/ -
((
e. =




[Ideal Goal Is Far}

final hearing | target goal

prrece

cognitive level

perceptual level| e t
S
sensory level Jmeasura e in par

Input sounds




[ Tuning System based on How User hears }

EC

[hearing ai% [ hearing al

~

[ Conventional

[ Proposed }




" Evaluation |

One — Two Weeks Later (5 subjects)

evaluation IEC Fitting vs. audiologist fitting

monosyllable articulation

sound quality

fitting time IEC < audiologist

Six Months Later (4 subjects)

evaluation |IEC Fitting vs. audiologist fitting

sound quality

APHAB




[Visualized IEC Fitting on a PDA}

E..] | IEC Fitting System 1407 (ok

. .‘M
=

Generation
-02
Individual

- 16

net |I

good
f&.

Visualized EC:  parameters in an n-D EC landscape are mapped on a 2-D
space for visualization.
IEC Fitting: IEC-based hearing aid fitting



Image Enhancemen
using

Interactive GP

by R. Poli and S. Cagnoini

Image enhancement filter
evolves according to how
processed images look well.




Echo-Cardiographic Image

p‘*’ by R. Poli and S. Cagnoni (1997)

s
ﬁﬁ [ ]

systok ofpatentA

BIG ITERD FoERN B 3 E-é&aL B
HIL EYERT L GTED e I5i

. __ ) o - (__4)
1) 0.554695- g, — 19, + O, — 01+,

(2) 0.832041-g,0, —29,+ 29, — 91292 +0,+ min(-0.277346 — g, + 9,,max(g,9, — 9,))
3) 99, g22 +20,- 30, — 9,9, +0.854702 + min(29, — 29,,—0,(9, — 4))
@) 9.9, - ¢ + 29, —29,0,0, +0.64861+9, — g,



Non-linear Density Transformation by Using of GP l

m |inear density transformation .
ex.invert g(kl)

LI
g

1inpUt

O output density =
=

input density N > f(i’j)

m non-linear density transformation by using GP

V' N
n
2
2
3 ﬂ
g—/\_a
3
- Y ! } - =
input O input density N f(I,J)

9@i.)=1G (f(i,j)) output

generated by GP




GP-Based Image Filter by Using
Neighborhood Pixels Information

Input pixels output pixels
X X
yJé operator G ﬁ
Y
P é
g(1)) =| G(f)
zoom in
GP generates G() -:ffi';'j'f’
> - f_.—-;.p-;"'"
— e —

G=max[abs(f(i,j-1)),max{-0.41,0.79+sin(min(f(i+1,j-1),-0.03))-f(i+1,j+1)}]



[Experiment of IGP-Based Edge Detection J

conventional math-based filter input image | IEC-based filter

Laplacian filter 2nd generation



Experiment of
|GP-Based High Pass Filter Design

conventional math-based filter |IEC-based filter

input image AR

1SS
L

[

F

{4 K
'1[1[""'[1[
|

|

|

i) 1|
II:][:H[][]i::
ijil NN =
LRI L
TR A ]

(UL o
R L L
Z]HH[fH]H][

high-pass filter 6th generation




IEC-based Color Filter Design l

Input image

examples of coloring



Image Enhancement Filter Design
by a Medical Doctor

- original ultrasonic
image of a lymph
node

Enhanced Image
after 12 IEC
generations
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4 )
Human Friendly Trajectory Control of

. a Robot Arm ,

by N. Kubota, K. Watanabe and F. Kojim

—

fearful
secure
Parameters

IEC




NN Controller for LEGO Jeep-Robot

by H. H. Lund, O. Miglimo, L. Pagliarini, A. Billard, and A.

Children want to make a robot
avoiding obstacles.

Children cannot make a program
of its controller but can choose
better robot moving.

Let's evolve the robot controller
according to the children's
choice.

infrared sensor 1
infrared sensor 2
mechanical switch 1

n
Yj = 2WpX; + Wy

mechanical switch 2 i=1

mechanical switch 3

6 control outputs

mechanical switch 4

1 (offset)
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Interactive EC for Virtual Reality

subjective evaluation for VR

IEC [«

I Arm wrestling: human vs. robot

lmodifying rules

fuzzy control

rules for VR

controller

byS. Kamohara, H. Takagi, and T. Takeda
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[I\/Iedia DB Retrieval & Media Converter}

by H. Takagi et al.

uration ' <

NN

acti psycholog ical]
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feature
space

GA search]‘




IEC-based Image DB Retrieval

by S.-B.- Cho, et al.
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Interactive EC for Data Mining

by T. Terano, Y. Ishino, et al.

GA creates variation of

2,300 questionnaire for iImage-attribute relation trees
oral care goods relation tree #1
— — relation tree #2
16 Image words relation tree #3
*2.300 relation tree #4
\

!

inductive learning
tool |

i

16
goods attributes

relation tree #n

image words vs. good attributes

GA

T

relation tree

Human chooses simpler and better
relations of image-attribute relations.




-mining

Visual Data
Through 2-D a ning by GP

by Venturini

for example,

(46.7 * x6) * (25.2 + 81.0)

(x1-u) / (87.3/x12) Y =

X =
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/.4 Food Industry
7.5 Composition Support



Geological Modeling
Based on Interactive EC

.

estimated initial
condition of

geological features)

Visualization of geological

history based on L.
Moresi's forward code

observed
current condition

model
parameters >

a priori geological knowledge
subjective evaluation

Evolutionary
Computation | ¢

geoscientist




[ Difficulty J

 many variables

— strength, depth, stress, etc.

* No numerical target

— Numerical similarity may not mean qualitative similarity, such as wrong
fault inclination, wrong depth extent.

— Help of geologists is necessary.

\ N \

e computational optimisation with human judgement

— Computational optimisation methods to search material parameters are
required besides geologist’s judgement.




IEC-based Modelling of
Extension of the Earth’s Crust

by C. Wijins et al.

geological
forward
model

sketch drawn by

\ a geologist

material

(')_J parameters

evaluation based on
geological knowledge and experience

M



IEC-based Modelling of
Subduction of Oceanic Crust

E— y  forward

geological

model

material
parameters

Tl

sStrength of continental/oceanic crust
mConvergence rate
=Depth of sedimentary wedge

evaluation based on geological

O

knowledge and experience

---animations_

L ksl pemdihang



p
Multi-Objective Optimization:
Underground Water Management

joint research with UIUC

« Choosing dug wells, @, for obtaining underground data
to estimate the underground water situation of the new
target well, X

* Four objectives (to minimize the cost, maximize the
precision, and others)

* We want to use domain expert knowledge. <==IEC



4 )
Multi-Objective Optimization:

MEMS Design

W

Kamalian, Takagi, and Agogino

MEMS (Micro Electronic Mechanical Systems) for Sensors, Robotics,
Communications, Biotechnology, Energy Generation

« Multi-objective optimization for given specification:
receiving frequency, strength, and others.
« We want to use domain knowledge for circuit design.



MEMS Design

--------------

IEC+EMO > EMO

(99% significant by Wilcoxon matched-
pairs signed-ranks test .)

.
Multi-Objective Optimization:

joint research with UC Berkeley




[ |IEC Results }

o User tests performed IEC+EMO EMO

with 12 students: User # Expert? #of5's #o0f5's sign

1 Y 7 9

— 10 did better with IEC 2 Y 12 5

— 1 did worse 3 Y 7 3

: 4 N 6 2

- 1.t|e _ 5 Y 4 4

« Bysigntest, IEC s 6 Y 11 9

better with 98% ; $ f g

significance 9 N 5 3

. : 10 N 12 7

By the Wilcoxon 0 N : :

1
R R R RPRRPRRORRRE

Matched-Pairs
Signed-Ranks test,  Insufficient sample size to make

IEC is better with 99% judgment about whether or not
significance MEMS experience has impact



E Psychotherapy / Diagnostics }

.......

IEC-based CG
Lighting Design

mental patient \ J l

(schizophrenics)
-
"\ ]

sad happy

Umm, still
his range is
narrower.

emotion range of the patient

sad ha;l)py

" emotion range of normal persons psychotherapist
psychiatrist
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Mocha

0

‘ Evolving Blends of Coffee l

s

~N

Kilimanjaro
% 2% k y
A
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Fitness Value

Mixture Ratio

IEC

by M. Hardy

6§

_
Target Brended Coffee



Simulated Breeding for
Composition Support System

by K. Kuriyama, T. Terano, and M. Numao

fEcohL L R T ORATR, coThha| | EOROUnALARL HENTR.

853 | ouEhL | et | COSEHINSIETEN TR,  BYR | 3¥A| toEas | CCTERE|
Al E | @ g g g ¥z SRR T FEIL T,

B BEAL B HIAEIN T

el Siditi's agiwno
w19 | lovesathletic meet

FLITEAATE-TVE T,
She commutes

. ”i. m -1 . bybls every day

oo BIE R e
5 When she arrived
2 | at her school,

i . [.?‘T!_utl ! DAEI TR E
3 Shefound therewas

J nar sl ST Janathletic meet.
(INITIAL DISPLAY) EVOLVED
SEQUENCES (FINAL DISPLAY )
Two sequences of Two better sequences Composition and
four scenes are are chosen as parents. comparison with

chosen as parents. similar composition.



Researches on Interactive EC

@Takagi Laboratory

[application—oriented }

(1) 3-D CG lighting design support
(2) montage image system

(3) speech processing

(4) hearing-aid fitting

(5) virtual reality in robot control
(6) media database retrieval
(jointl) virtual aguarium

(joint2) geoscientific simulation
(joint3) 3-D CG modeling educatio
(joint3) fireworks animation design
(joint4) mental disease diagnosis

/ [ Interface research }\

(1) input interface
1.1 discrete fitness value input method
(2) display interface
2.1 prediction of user's evaluation char's
2.2 display for time-sequential tasks
(3) acceleration of GA convergence
3.1 approximation of EC landscape
(4) active user intervention to EC search

4.1 on-line knowledge embedding
4.2 Visualized IEC /

(joint5) underground water management

(joint6) MEMS design



" CONCLUSION

We overviewed the chronicled progression
of computational intelligence research
especially on NN, FS, and EC.

One of the future directions of the
computational intelligence research Is
humanized computational intelligence.

Interactive EC Is one of such technologies.

The Interactive EC has higher potential to
be applied to wide variety of fields.




“Further Information|

e Overview Paper of NN/FS/EC

— Hideyuki Takagi, "Fusion Technology of Neural Networks
and Fuzzy Systems: A Chronicled Progression from the
Laboratory to Our Daily Lives,” Int'l J. of Applied
Mathematics and Computer Science, vol.10, no.4,
Pp.647--673 (2000).

o Survey Paper of Interactive EC

— Hideyuki Takagi, "Interactive Evolutionary Computation:
Fusion of the Capacities of EC Optimization and Human
Evaluation,” Proceedings of the IEEE vo0l.89, no.9,
pPp.1275--1296 (Sept., 2001).

* Personal Contact
— takagi@kyushu-id.ac.jp
— http://www.kyushu-id.ac.jp/~takagi



