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In　this　doctoral　dissertation，　the　recognition　methods　for　human　face　are

focused　on　in　order　to　implement　flexible　and　adaptable　human　interface．

It　is　clear　that　human　face　plays　important　roles　in　the　face－tQface　com－

munication　among　humans．　Human　performs　smooth　communication　by

obtaining　various　kinds　of　information　from　face　and　utilizing　them．　The

face　can　not　only　represent　psychological　state　such　as　emotion，　inten－

tion　and　interest　but　also　represent　social　state　such　as　age，　gender　and

personality．　The　effective　human　interface　can　be　implemented，　if　com－

puter　can　recognize　or　understand　the　information　which　face　represents．

Therefore，　it　is　required　to　develop　effective　recognition　methods　for　the

information　which　face　represents，　i．e．，　face　recognition　methods．

　The　information　represented　by　face　has　the　features　of　subjectivity，

polysemy，　ambiguity　and　condition　dependence　which　are　not　treated　in

conventional　computer　science．　Therefore，　in　the　face　recognition　meth－

ods，　the　coding　which　can　consider　these　features　is　needed．　Moreover，

in　the　face　recognition，　it　is　required　to　develop　the　recognition　methods

which　have　the　consistency　with　the　face　cognitive　structure　of　human．

The　recognition　methods　which　can　have　the　consistency　wi七h　the　face

cognitive　structure　of　human　and　can　flexibly　recognize　face　can　be　im－

plemented　by　solving　these　problems．

　This　doctoral　dissertation　is　related　to　a　study　on　the　face　recogni－

tion　methods　to　implement　flexible　and　user－friendly　human　interface．

In　the　face　recognition，　facial　expression　recognition，　face　identification，

face　cognitive　model　acquisition，　face　detection　and　so　on　are　included

as　typical　problems．　ln　this　dissertation，　especially，　the　face　recognition

methods　based　on　the　Mahalanobis－Taguchi　System　（MTS）　are　applied

to　facial　expression　recognition　and　face　identification．　The　facial　expres－

slon　recognltlon　ls　practical　problem七〇assume　the　human　psychological

state．　The　face　identification　is　usefu1　problem　to　identify　the　human

social　state．　The　experimental　results　show　the　effectiveness　of　the　pro－

posed　methods　for　these　problems．　Moreover，　in　this　dissertation，　the

face　cognitive　model　acquisition　method　based　on　the　lnteractive　Genet一
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ic　Algorithm（IGA）is　proposed．　The　face　cognitive　model　of　human　must

be　investigated　in　order　to　develop　the　face　recognition　methods　which

have　the　consistency　with　the　face　cognitive　structure　of　human．　The　face

cognitive　acquisition　method　based　on　the　IGA　enables　the　computer　to

acquire　the　accurate　face　cognitive　model　of　human．　The　experimental

results　reveal　the　effectiveness　of　the　proposed　face　cogni七ive　acquisi七ion

method　and　the　accuracy　of　face　cognitive　model　which　is　acquired　by

using　the　proposed　method．　This　dissertation　consists　of　7　chapters．　The

brief　content　of　each　chapter　is　as　fbllows．

　　Chapter　l　is　related　to　the　face　recognition　and　the　recognition　methods．

Some　general　problems　in　the　face　recognition　are　surveyed．　Especially，

七he　background，　issues　and　recent　works　are　surveyed　in　the　f』cial　ex．

pression　recognition，　the　face　identification　and七he　face　cognitive　model

acquisition　which　are　taken　up　in　this　dissertation．　Additionally，　the　MT－

S　and　IGA　which　are　fUndamental　techniques　for　the　recognition　methods

proposed　in　this　dissertation　are　explained．　　　　　　　　　　　　　　　　　　　　　●

　In　chap七er　2，　I　propose　a　facial　expression　recogni七ion　based　on七he

MTS．　The　MTS　is　a　pattern　recognition　method　which　can　refiect　hu－

Man　sensuous　knowledge　fbr　object　recogni七ion．　However，　the　MTS　is

apatter：n　recogni七ion　method　fbr　dividing　data　into　two　kinds．　In　the

facial　expression　recognition，　some　facial　expressions　have　to　be　treated．

To　apply　the　MTS　to　the　facial　expression　recognition，　I　propose七he

extensio：n　method　of　the　MTS．　Moreover，　in七he　MTS，　the　extraction　of

attributes　which　contribute　to　the　recognition　can　be　carried　out．　This

operation　is　called　the　optimization　of　attribute．　However，　in　the　conven－

tional　optimization　method，　the　relations　among　the　attributes　are　not

considered．　To　solve　this　problem，　I　also　propose　an　optimization　method

which　can　consider　the　relations．　Namely，　the　optimization　method　based

on　the　Genetic　Algorithm　is　proposed．　The　experimental　results　using

some　subj　ects　show　the　effectiveness　of　this　application　and　optimization

method．
　In　chapter　3，　I　propose　a　face　identification血ethod　based　on　the　in＿

sbrtion　of　artificial且uctua七ions．　As　one　of　impor七ant　problems　which

have　to　be　solved　in　the　face　identi丘cation，　there　is　the　implementation

of　robustness　against　fluctuations　in　face　pho七〇graphy　such　as　ligh七ing

condition　or　face　position．　Many　training　facia1　images　which　are　taken
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　の

ln　varlous　envlronments　are　required　fbr　the　implementation　of　the　ro－

bustness．　Moreover，　many七raining　facial　images　have　to　be　collected　for

implementing　the　recognition　based　on　the　MTS．　It　is　burden　fbr　the　user

9
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to　take　all　training　facial　images　in　real　environment．　To　reduce　user’s

burden，　in　this　proposed　method，　the　implementation　of　the　robustness　is

performed　by　inserting　artificial　fiuctuations　to　an　original　training　facial

image．　The　experimental　results　show　the　robustness　and　effectiveness　of

the　proposed　method．

　　In　chapter　4，　a　face　identification　method　based　on　the　division　of　re－

gion　on　facial　image　is　proposed．　The　photographic　fluctuations　which

inevitably　occur　in　taking　the　facial　image　are　treated　in　chapter　3．　ln

the　face　identification，　the　robustness　against　the　appearance　fluctua－

tions　such　as　background　and　hairstyle　also　has　to　be　implemented．　The

implementation　of　the　robustness　against　appearance　fluctuations　is　hard－

er　problem　than　the　photographic　fluctuations　from　pattern　recognition

point　of　view．　ln　the　conventional　face　identification，　the　attributes　used

for　the　identification　are　extracted　from　a　whole　of　facial　image　and　then

the　identification　is　performed　on　the　basis　of　an　evaluation　criterion

which　is　calculated　by　using　these　attributes．　However，　it　is　diff｝cult

to　implement　the　robustness　against　appearance　fluctuations　by　using

the　conventional　method　because　the　extracted　attributes　include　a　large

amount　of　noise．　ln　the　proposed　method，　the　robustness　against　appear－

ance　fluctuations　is　implemented　by　dividing　a　facial　image　into　some

regions　and　then　performing　the　identification　based　on　the　integration

of　some　evaluation　criteria　which　are　obtained　on　each　region．　Some

experimental　results　reveal　that　the　proposed　method　is　robust　against

appearance　fluctuations　in　comparison　with　the　conventional　method．

　In　chapter　5，　1　propose　a　face　cognitive　model　acquisition　method　using

the　IGA．　The　face　cognitive　model　of　human　must　be　investigated　in　order

to　develop　the　face　recognition　methods　which　have　the　consistency　with

the　face　cognitive　model　of　human．　ln　this　chapter，　1　attempt　to　acquire

face　cognitive　model　of　human　on　the　basis．　of　the　facial　image　database

retrieval　task　method．　Moreover，　in　the　face　cognitive　model　acquisition

based　on　the　facial　image　database　retrieval　task　method，　more　accurate

face　cognitive　model　acquisition　is　performed　by　using　the　IGA　which　can

consider　the　cognitive　feature　of　human．　Experimental　results　reveal　that

the　proposed　method　can　accurately　acquire　the　face　cognitive　model　of

human．

　Chapter　6　is　concerned　with　the　prospect　for　the　development　of　com－

prehensive　face　recognition　system．　The　recognition　methods　for　the

facial　expression　and　the　face　identification　are　proposed　in　this　disser－

tation．　Moreover，　the　method　to　acquire　the　face　cognitive　model　of

10
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human　is　proposed．　The　comprehensive　face　recognition　system　which

has　the　consistency　with　the　face　cognitive　structure　of　human　and　can

flexibly　recognize　face　can　be　implemented　by　combining　these　methods．

The　prospect　for　the　development　of　such　face　recognition　system　and

application　fields　in　which　the　face　recognition　system　can　be　utilized　are

discussed．

　Chapter　7　is　general　conclusion　of　this　dissertation．
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1．1 Introduction

In　face－to－face　communication，　human　obtains　the　information　about　oth－

er　person’s　intention　or　state　from　face　and　decides　own　behavior　on　the

basis　of　the　information．　Therefore，　the　information　which　face　repre－

sents　is　important　element　in　the　communication　among　humans　and　can

make　the　communication　smooth．　lt　is　obvious　that　more　flexible　and

user－friendly　human　interface　can　be　implemented　if　computer　can　flex－

ibly　recognize　or　understand　the　information　which　face　emits　and　then

can　adaptably　decide　own　behavior．　From　this　background，　recently，

the　research　on　the　recognition　of　the　information　which　face　represents

has　been　carried　out，　and　it　has　been　required　to　develop　the　effective

recognition　methods　for　the　information　which　face　represents，　i．e．，　face

recognition　methods．

　However，　the　information　represented　by　face　differs　from　the　informa－

tion　which　is　treated　in　the　conventional　computer　science．　For　example，

it　is　difficult　to　represent　a　face　by　using　words　or　numerical　values．　The

impression　of　face　is　different　on　each　person　and　can　not　be　unique－

ly　determined．　ln　addition，　the　interpretation　of　the　information　which

face　represents　changes　by　the　experience　or　situation　of　person．　That

is，　this　information　has　the　features　of　subj　ectivity，　polysemy，　ambiguity

and　condition　dependence．　Therefore，　in　the　face　recognition，　the　coding

which　can　consider　these　features　has　to　be　employed．　Moreover，　it　is

desirable　that　the　recognition　of　face　on　computer　is　performed　in　the

same　way　as　the　face　recognition　structure　of　human．　Thus，　in　the　face

recognition，　the　recognition　methods　which　have　the　consistency　with　the

face　cognitive　structure　of　human　have　to　be　developed．　The　effective　face

12



ii．．．．）一．．．．一一一

　　　　　”

　　　　　1

羅

－
　
　
　
～
U

　
　
■
■
－
累
「
．

　
　
　
　
．
渦
1

recognition　methods　can　be　implemented　by　solving　these　problems．

　　The　purpose　of　this　study　is　to　develop　effective　face　recognition　meth－

ods　for　the　implementation　of　flexible　and　adaptable　human　interface．

In　this　dissertation，　facial　expression　recognition，　face　identification　and

face　cognitive　model　acquisition　are　treated　as　typical　problems　in　the

facg　；ecggnition．　ln　addition，　the　Mahalanobis－Taguchi　System　（MTS）

and　the　lnteractive　Genetic　Algorithm　（IGA）　are　employed　as　fundamenL

tal　techniques　for　the　face　recognition　methods　which　are　proposed　for

　In　this　chapter，　at　first，　general　problems　in　the　face　recognition　are

introduced．　Especially，　backgrounds，　issues，　recent　works　and　related

works　are　surveyed　in　the　facial　expression　recognition，　face　identification

and　face　cognitive　model　acquisition．　Furthermore，　the　detail　of　the　MTS

and　IGA　used　in　the　proposed　face　recognition　methods　are　explained．

：
，
s
．

藻

難

1．2 Face　Recognition

This　section　is　concerned　with　the　introduction　of　face　recognition．　The

face　recognition　and　some　problems　included　in　face　recognition　are　briefiy

introduced．

　Recently，　the　research　on　the　recognition　of　the　information　which　face

represents　has　been　carried　out　［1］．　This　subject　is　called　face　recognition．

The　aim　of　face　recognition　is　to　implement　effective　human　interfaces

based　on　the　interaction　between　human　and　computer．　Therefbre，七he

face　recognition　includes　some　problems　for　the　implementation　of　such

human　interface；　i．e．，　facial　expression　recognition，　face　identification，

face　cognitive　model　acquisition，　face　detection，　facial　image　retrieval，

caricature　face．　The　facial　expression　recognition　is　the　problem　related

to　the　presumption　of　emotion　or　psychological　state　of　person．　The　face

identification　is　usefu1　to　identify　social　state　of　person，　and　it　can　be　uti－

lized　fbr　security　system　or　access　con七rol　system．　The　researches　on　the

face　cogni七ive　model　acquisition　and　the　face　detection　are　carried　out　in

order　to　support　the　development　of　effective　methods　for　other　problems．

The　caricature　face　is　used　to　implement　the　entertainment　system　or　to

support　the　face　cognitive　model　acquisition．　These　problems　are　related

to　each　other．　The　development　of　effective　methods　in　one　problem　leads

to　the　improvement　of　the　methods　for　other　problems．　For　example，　the

performance　of　facial　expression　recognition　can　be　improved　by　intro－

ducing　the　face　identification　function．　That　is，　the　personalization　of

13
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facial　expression　recognition　can　be　performed．　Therefore，　the　effective

face　recognition　can　be　implemented　by　developing　the　effective　method

for　each　problem．　The　development　of　effective　human　interface　based　on

the　interaction　between　human　and　computer　can　be　supported　by　the

implementation　of　such　face　recognition．　From　this　background，　recently，

the　development　of　effective　face　recognition　methods　for　these　problems

has　been　attempted．　The　brief　explanation　of　each　problem　is　indicated

below．

1．　Facial　expression　recognition：　It　is　obvious　that　effective　hu－

　　man　interfaces　can　be　implemented　if　computers　can　assume　the

　　user’s　intention　or　psychological　state　and　then　can　adaptably　de－

　　cide　own　behavior．　On　the　other　hand，　it　has　been　reported　that　the

　　facial　expressions　of　human　reflect　ab　out　55　％　of　human　emotion．

　　Thus，　the　user’s　intention　or　psychological　state　can　be　assumed　if

　　the　facial　expression　which　the　user　expresses　can　be　correctly　recog．

　　nized．　From　such　background，　the　research　on　the　facial　expression

　　recognition　has　been　carried　out　worldwide．　ln　the　facial　expres－

　　sion　recognition，　the　facial　expressions　of　anger，　disgust，　surprise，

　　sadness，　fear　and　happiness　are　frequently　used　in　order　to　evaluate

　　the　face　recognition　methods．　These　facial　expressions　are　called　six

　　basic　facial　expressions．　lt　is　reported　that　in　the　six　basic　facial

　　expressions，　there　is　the　facial　expression　pattern　which　does　not

　　depend　on　race，　age，　sex，　area　and　so　on．　Therefore，　in　the　facial

　　expresslon　recognltlon，1t　ls　lmportant　to丘nd　this　facial　expression

　　pattern　and　then　perform　the　facial　expression　recognition　based　on

　　this　facial　expression　pattern．　The　detail　of　the　facial　expression

　　recognition　is　described　in　Section　3　of　Chapter　1．

2．　Face　Identification：　Recently，　the　identification　utilizing　the　hu－

　　man　face　has　been　focused　on　in　order　to　implement　advanced　and

　　且exible　security　systems　and　access　con七rol　systems．　The　identi－

　　fication　using　human　face　is　called　face　identification．　Comparing

　　with　the　identification　based　on　other　information　such　as　finger－

　　print，　eyeprint　and　so　on，　the　face　identification　has　the　advantages

　　that　．it　is　natural　for　the　user　and　it　has　eMciency　of　restraining

　　crime．　The　major　problem　in　the　face　identification　is　the　imple－

　　menta七ion　of　robus七ness　against　various　fluctuations．　The　various

　　fluctuations　such　as　the　lighting，　position　and　size　fiuctuations　are

　　included　in　the　facial　image　when　the　facial　image　used　for　the　iden－

　　tification　is　taken．　The　robustness　against　these　fluctuations　has　to

14
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be　implemented　in　the　face　identification　because　these　fluctuations

inevitably　occur　when　the　facial　image　is　taken．　Moreover，　in　the

face　identification，　the　robustness　against　appearance　fluctuations

such　as　hairstyle，　glasses　and　so　on　must　be　implemented　in　order

七〇perfbrm　practical　face　identi丘cation．　Therefbre，　a　lo七〇f　studies

on　the　face　identification　focus　on　the　implementation　of　the　robust－

ness　against　such　fluctuations．　The　detail　of　the　face　identification

is　described　in　Section　4　of　Chapter　1．

3．　Face　Detection：　The　facial　images　which　are　used　for　the　face

　　recognition　include　various　objects　except　the　target　face　such　as

　　background．　The　face　recognition　can　be　performed　by　using　such

　　facial　images．　However，　the　region　which　includes　only　face　has　to　be

　　extracted　from　the　facial　image　in　order　to　improve　the　performance

　　of　the　face　recognition．　Therefore，　the　research　on　the　extraction　of

　　the　region　including　target　face，　i．e．，　face　detection，　has　been　carried

　　out．　ln　the　face　detection，　there　are　the　face　detections　for　two　kinds

　　of　facial　image．　One　is　the　face　detection　for　stationary　facial　image，

　　and　another　is　the　face　detection　for　facial　image　sequence．　ln　these

　　types　of　facial　image，　the　face　detection　is　performed　based　on　some

　　clues；　i．e．，　motion，　color　and　shape．　There　are　strong　point　and　weak

　　point　in　each　clue．　The　clue　which　is　used　for　the　face　detection　is

　　properly　chosen　in　accordance　with七he　purpose　and　the　kind　of　facial

　　lmage．

4．　Face　cognitive　model　acquisition：　ln　the　face　recognition，　the

　　face　recognition　methods　which　have　the　consistency　with　the　face

　　cognitive　structure　of　human　have　to　be　developed　in　order　to　uti－

　　lize　them　for　the　implementation　of　the　effective　human　interface．

　　Therefore，　the　research　on　the　investigation　of　face　cognitive　model

　　which　human　has　is　busily　carried　out　in　engineering　field．　This　sub－

　　ject　is　called　face　cognitive　model　acquisition．　ln　the　conventional

　　face　cognitive　model　acquisition，　the　face　photograph　is　frequently

　　utilized　as　the　stimulus．　However，　the　face　cognitive　model　acquisi－

　　tion　using　the　facial　image　as　the　stimulus　came　to　be　performed　by

　　the　development　of　the　computer　graphics　and　animation　technolo－

　　gies．　Recently，　various　face　cognitive　models　have　been　investigated

　　by　using　the　facial　image，　and　the　development　of　face　recognition

　　methods　which　have　the　consistency　with　the　face　cognitive　struc－

　　ture　of　human　has　been　attempted．　The　detail　of　the　face　cognitive

　　model　acquisition　is　explained　in　Section　5　of　Chapter　1．
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　　　5．Facial　image　retrieval：The　recen七diversification　of　information

　　　　　has　brought　it　with　the　problem　that　the　image　data　must　be　treated

　　　　　in　the　information　retrieval・However，　the　ifnage　data　are　subjective

　　　　　and　ambiguous　retrieval　objects．　That　is，　the　impression　received

　　　　　from　image　datum　is　different　on　each　person　and　it　is　hard　to　express

　　　　　clearly　the　image　data　by　verbal　keywords．　Therefbre，　it　is　dif丘cult

　　　　　to　implement　the　image　retrieval　by　using　the　conventional　me七hod

　　　　　such　as　the　retrieval　method　based　on　verbal　keywords．　Recently，　the

　　　　　research　on　the　image　retrieval　in　which七he　facial　image　is　employed

　　　　　as七he　retrieval　object　has　been　busily　carried　out　because　the　facial

　　．　image　is　considerably　subjective　and　ambiguous　retrieval　object．　In

　　　　　the　f乱cial　image　retrieval，　the　methods　based　on　the　contents　of　facial

　　　　　image　and　on　adjective　keywords　have　been　proposed．

　　　6，Caricature　face：　Recently，　the　creation　of　caricature　face　from

　　　　　facial　image　by　computer　has　been　at七empted．　The　carica七ure　face

　　　　　is　drawn　by　emphasizing　the　charac七eristic　feature　on　each　person，s

　　　　　face．　Therefbre，　it　is　necessary　to　detect　the　characteris七ic　feature

　　　　　on　face．　The　face　recognition　methods　such　as　the　average　face，　the

・　　　Karhunen－Loeve　expansion（KL　expansion）and　so　on　which　are　u－

　　　　　tilized　in　other　problems　are　employed　fbr　the　caricature　face．　The

　　　　　development　of　face　recognition　techniques　fbr　other　problems　lead－

　　　　　sto　the　improvement　of　caricature　face．　The　effective　caricature

　　　　　face　can　allow　the　supPor七〇f　face　cogni七ive　model　acquisition　and

　　　　　entertainment　SyStem．

　　　The　research　on　the　face　recognition　which　is　mentioned　above　has　been

carried　out　in　U．　S．　sin．ce　the　1990，s　middle．　This　is　concerned　with七he

deve1・pment　pr・gram　called　FERET（FacE　REc・gniti・n　Techn・1・gy）．

The　FERET　is七he　program　started　in　1993　to　develop　the　technology

fbr七he　facial　image　retrieval　which　is　used　for　crimina1　investigation　and

　to　turn　face　recognition　technology　to　practical　use．　Strictly　speaking，

the　purpose　of　FERET　is　the　construction　of　facial　image　database　which

　　1s　used　to　develop　and　evaluate　the　algorithm　fbr　face　recognition，　and

　the　subsidization　of　grant－in－aid　and　its　evaluation七hrough　the　contest

of　algorithm・The　laboratories　such　as　the　MIT，　Rockefeller　University

　and　so　on　which　have　excellent　results　for　the　face　recognition　participate

　in　the　contest　of　FERET．　Hence，　it　is　clear　that　the　research　on　the　face

recognition　will　be　carried　out　more　busily　and　worldwide　hereafもer．

　　　In　this　dissertation，　especially，　the　facial　expression　recognition，七he

face　identification　and　the　face　cogni七ive　model　acquisition　are　treated．
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In　the　following　section，　the　detail　of　each　problem　which　are　focused　on

in　this　dissertation　is　described．

1．3 Facial　Expression　Recognition

Recently，　it　has　been　required　to　implement　effective　and　interactive　com－

munication　between　human　and　computer　in　order　to　develop　natural　and

user－friendly　computer　environment　［2］．　The　information　in　the　commu－

nication　among　humans　does　not　only　include　logical　information　but　also

include　psychological　information　such　as　Kan－sei　or　emotion．　Therefore，

in　the　communication　between　human　and　computer，　such　information

must　be　treated　in　the　same　way　as　the　communication　among　humans．

On　the　other　hand，　it　is　obvious　that　the　emotion　or　psychological　state

of　human　is　reflected　to　facial　expression．　Thus，　the　effective　and　interac－

tive　communication　between　human　and　computer　can　be　implemented　if

computer　can　recognize　or　understand　emotion　or　psychological　state　of

human　on　the　basis　of　facial　expression．　Recently，　the　research　on　facial

expression　recognition　has　been　busily　carried　out　in　order　to　assume　the

emotion　or　psychological　state　of　human　from　facial　expression．　ln　this

section，　the　survey　of　facial　expression　recognition　is　described．　First，

the　research　on　the　relation　between　facial　expression　and　emotion　is　in－

troduced．　Secondly，　the　Facial　Action　Cording　System　（FACS）　which　is

frequently　used　in　the　study　on　facial　expression　is　explained．　Finally，

the　algorithms　which　are　used　for　the　facial　expression　recognition　and

the　related　works　are　surveyed．
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1．3．1　Relation　between　Facial　Expression　and　Emotion

The　purpose　of　facial　expression　recognition　is　to　assume　the　emotion

or　psychological　state　of　human　from　facial　expression．　Therefore，　the

relation　between　facial　expression　and　emotion　has　been　investigated．

The　research　on　the　investigation　of　the　relation　between　facial　expression

and　emotion　is　introduced　below．

　In　the　research　related　to　the　investigation　of　the　relation　between　fa－

cial　expression　and　emotion，　two－dimensional　space　model　proposed　by

Schlosberg　is　famous．　The　model　proposed　by　Schlosberg　is　shown　in

Figure　1．1．　ln　this　model，　the　horizontal　axis　means　”pleasant　（P）　一　un－

pleasant　（U）”　and　vertical　axis　means　”attention　（A）　一　rejection　（R）”，

and　six　basic　emotional　categories　are　put　in　the　periphery’　of　circle．　The

fqcial　expression　is　put　in　this　circle　in　accordance　with　the　criteria　of
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Figure　1．1：　Relation　model　between　facial　expression　and　emotion

horizontal　and　vertical　axes．　The　emotion　corresponding　to　facial　expres－

sion　is　assumed　on　the　basis　of　the　position　where　the　facial　expression

is　put．　That　is，　the　line　between　the　center　of　circle　and　the　position

of　facial　expression　is　drawn，　and　then　the　emotion　which　is　referred　by

extending　this　line　is　the　emotion　corresponding　to　facial　expression．　ln

Figure　1．1，　the　arrangement　of　the　seventy－two　facial　expression　images

which　were　used　to　evaluate　this　model　by　Schlosberg　is　indica七ed　as　the

numbers．　Especially，　the　emotion　for　the　facial　expression　image　which　is

expressed　as　10　is　indicated．　This　model　indicates　that　when　human　rec－

ognizes　other　person’s　facial　expression，　human　evaluates　it　in　these　axes

and　the　emo七ion　corresponding　to　it　is　classified　on　the　basis　of七his　eval．

uation．　A　lot　of　the　studies　on　the　investigation　of　the　relation　between

facial　expression　and　emotion　have　been　carried　out　after　the　proposal　of

this　model．　However，　as　the　result，　those　studies　brought　the　adequacy

to　this　model．

　On　the　other　hand，　the　research　on　the　basic　emotion　category　which

ls　recognized　from　facial　expression　has　been　energetically　carried　out
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by　Ekman　and　lzard．　Especially，　Ekman　investigated　the　universality　of

six　facial　expressions，　i．e．，　happiness，　surprise，　fear，　sadness，　anger　and

disgust．　As　a　result，　Ekman　confirmed　that　the　common　facial　expression

pattern　exists　in　these　six　facial　expressions　even　if　the　culture　background

of　subj　ect　is　different，　and　revealed　that　in　the　cognition　of　these　six　facial

expressions，　the　same　judgment　is　performed　in　the　case　where　these　facial

expressions　are　observed　as　stimuli　by　subject．　These　facial　expressions

were　called　six　basic　facial　expressions，　and　came　to　be　worldwide　known

by　this　investigation．

　The　studies　which　are　mentioned　above　focus　on　the　framework　for　the

cognitive　j　udgment　for　facial　expression．　That　is，　they　are　related　to　the

investigation　of　the　dimension　for　evaluation　and　the　emotional　category

which　are　used　when　human　recognizes　facial　expression．　However，　more

knowledge　about　facial　expression　is　required　in　order　to　clarify　the　psy－

chological　mechanism　of　human　for　facial　expression．　Therefore，　recently，

various　studies　on　the　cognition　of　facial　expression　have　been　busily　car－

ried　out　［3］［4］．　For　example，　the　relation　between　facial　expression　and

angle　［5］，　the　roles　of　static　pattern　and　motion　for　facial　expression　cog－

nition　［6］，　the　significance　of　changing　speed　of　facial　organs　for　facial

expression　cognition　［7］　and　so　on　were　investigated．　lt　is　likely　that　the

investigation　of　facial　expression　cognition　will　be　busily　performed　in　the

future　because　the　investigation　of　facial　expression　cognition　is　needed

to　develop　effective　facial　expression　recognition　methods　on　computer．

叢

一

1．3．2　Facial　Action　Coding　System

　In七he　research　on　facial　expression，　the　Facial　Action　Coding　Sys七em

（FACS）　is　frequently　utilized．　The　FACS　is　a　system　to　describe　facial

expression，　and　which　was　proposed　by　Ekman　and　Friesen　［8］．　Basically，

in　the　FACS，　facial　expression　is　described　by　utilizing　the　movement

of　the　muscle　on　face．　The　muscles　on　face　are　divided　into　44　parts，

and　it　is　called　Action　Unit　（AU）．　ln　each　AU，　the　rule　of　change　on

face　is　described．　The　arbitrary　facial　expression　can　be　described　by

using　the　combination　of　the　AU　and　its　strength　which　is　the　amount　of

movement．　An　example　of　AUs　is　shown　in　Table　1．1．　The　name，　numb　er

and　anatomical　basis　of　each　AU　are　described　in　Table　1．1．　Most　of　AUs

involves　a　single　muscle．　The　numb　er　is　arbitrary　and　does　not　have　any

signi丘can七except　that　l　through　7　refer　to　brows，　forehead　or　eyelids．

　There　are　the　facial　expressions　called　six　basic　facial　expressions．　They

are　anger，　disgust，　fear，　happiness，　sadness　and　surprise．　lt　has　been　re一
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AU　Number FACS　Name Muscular　Basis
1 Inner　Brow　Raiser Frontalis，　Pars　Medialis
2 Outer　Brow　Raiser Frontalis，　Pars：Lateralis
4 Brow　Llowerer Depressor　Glabellae；Depressor　Supercilli；

Corrugator
5 Upper　Lid　R島iser ：Levator　Palpebrae　Superioris
6 Chee：k　Raiser Orbicularis　Oculi，　Pars　Orbitalis
7 ：Lid　Tightener Orbicularis　Oculi，　Pars　Palebralis
8 L’ip　Toward Orbicularis　Oris

Each　Other
9 Nose　Wrinkler Levator　Labii　Superioris，　Alaeque　Nasi
10 UpPer　Llip　Raiser Levator：Labii　Superioris，　Caput

Inf士aorbitalis
11 Nasolabial　Furrow Zygomatic　Minor

Deepener
12 Lip　Corner　Puller Zygomatic　Major
13 Ch㏄k　Puf琵r Caninus
14 Dimpler Bucci㎜ator
15 ：Lip　Corner　Depressor TriangUlariS
16 ：Lower：Lip　Depressor Depressor　Labii
17 Chin　Raiser Mentalis
18 Lip　Puckerer Incisiv五1・abii　Superioris；Incisivii

I」abii　Infbrioris

20 ：Lip　Stretcher Risorius
22 Lip　Funneler Orbicularis　Oris
23 Lip　Tightner Orbicularis　Oris
24 Lip　Pressor Orbicularis　Oris
25 Lips　Part Depressor　Labii，　or　Relaxation　of

Mentalis　or　Orbicularis　Oris
26 Jaw　DrOP Masetter；Temporal　and　Internaユ

Pterygoid　Relaxed
27 Mouth　Stretch Pterygoids；Digastric
28 Lip　Suck Orbicularis　Oris
38 Nostril　Dilator Nasalis，　Pars　Alaris

39 Nostril　Compressor Na£aHs，　Pa■s　Transversa　and

Depressor　Septi　Na8i
41 Dd　DroOP Relaxation　of　Levator

Palpebrae　Superioris
42 Slit

Orbicularis　OcuH
43 Eyes　Closed Relaxat　ion　of　Lavator

Palpebrae　Superioris
44 Squint Orbicula■is　Oculi，　Pars

Palpebralis
45 Blirゼk Relaxation　of　Levator　Palpebrae　and　Con一

traction　of　Orbicularis
46 Wink Oculi，　Pars　Palpebralis　Orbicularis　Oculi

Table　1．1：　An　example　of　Action　Units
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Basic　Emotion Combination　of　AU　parameters

Surprise AU1一（40），2一（30），5一（60），15一（20），16一（25），20一（10），26一（60）

Fear AU　1一（50），2一（10），4一（80），5一（60），15一（30），20一（10），26一（30）

Disgust AU2一（60），4一（40），9一（20），15一（60），17一（30）

Anger AU　2一（30），4一（60），7一（50），9一（20），10一（10），20一（15），26一（30）

Happiness AU　1一（65＞，6一（70），12一（10），14一（10）

Sadness AU　1一（40），4。（50），15一（40），23一（20）

Table　1．2：　Combination　of　AUs　for　six　basic　facial　expressions
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　　　　　　　　Figure　1．2：　Six　basic　facial　expressions　based　on　FACS
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ported　that　the　six　basic　facial　expressions　have　common　facial　expression

pattern　which　does　not　depend　on　culture，　sex，　age　and　so　on．　These　six

basic　facial　expressions　are　often　used　for　the　studies　on　the　facial　expres－

sion　recognition．　The　combination　of　AUs　and　the　strength　for　each　AU

for　these　six　basic　facial　expressions　are　shown　in　Table　1．2．　Moreover，

an　example　of　six　basic　facial　expressions　based　on　FACS　are　illustrated

in　Figure　1．2．

　The　FACS　is　used　in　the　various　fields；　e．g．，　facial　expression　recogni－

tion，　facial　expression　composition，　facial　expression　cognition　and　so　on．

However，　human　can　recognize　facial　expression　from　t　he　facial　diagram

which　are　drawn　by　combining　simple　lines　and　curves，　or　from　cartoon．

That　is，　human　recognizes　facial　expression　on　the　basis　of　the　visual

state　of　face　and　the　change　of　face．　Therefore，　there　are　some　objections

which　are　raised　against　the　FACS，　and　the　improvement　of　FACS　has

been　recently　performed．　However，　in　recent　research　on　facial　expression

recognition　method，　the　FACS　is　often　employed．

ec．

’
雛

灘

1．3．3　Facial　Expression　Recognition　Algorithm

In　this　subsection，　the　facial　expression　recognition　algorithm　and　some

studies　using　each　algorithm　are　introduced．　The　algorithms　for　the　im－

plementation　of　the　facial　expression　recognition　are　classified　into　the

following　four　types　［9］．

1．　Typ　e　1：　Facial　expression　recognition　algorithm　based　on　the

　　movement　of　the　muscle　on　face　corresponding　to　facial　expression

2．　Type　2：　Facial　expression　recognition　algorithm　based　on　the

　　amount　of　the　movement　of　the　feature　point　pre－defined　on　face

3．　Typ　e　3：　Facial　expression　recognition　algorithm　based　on　the

　　global　change　of　the　internal　feature　on　face

4．　Typ　e　4：　Facial　expression　recognition　algorithm　utilizing　time

　　series　of　facial　expression

The　detail　of　each　algorithm　and　the　related　works　in　each　algorithm

are　as　follows．

L 1．3．3．1　Type　1

As　the　facial　expression　recognition　algorithm　based　on　the　movement　of

the　muscle　on　face　corresponding　to　facial　expression，　the　facial　expression
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recognition　method　using七he　optical一且ow　has　been　proposed．　Moreover，

there　is　the　method　based　on　the　FACS　as　the　facial　expression　recognition

using　the　algorithm　of　type　1．　The　facial　expression　recognition　methods

using　these　algorithms　are　introduced　below．

　　Mase　et　al．　proposed　a　facia1　expression　recognition　method　using　the

optical－flow［10】［11］．　The　optical－flow　is　one　of　analysis　methods　fbr　mov．

ing　object．　The　movement　of　object　is　analyzed　by　the　optical－flow　on

the　basis　of　the　inf（）rmation　of　luminance　in　image　data．　The　movement

of　object　is　represented　as　a　vector．　In　the　proposed　method，　the　vector

on　the　region　which　includes　the　muscle　for　facial　expression　is　calcu－

lated　by　performing　the　optical－flow　analysis　using七wo　frames　in　facial

image　sequence・The　facial　expression　recognition　is　performed　by七he

nearest　neighbor　method　based　on　these　vectors　calculated　on　some　re－

gions．　They　designed　the　experiment　to　confirm　the　performance　of　the

proposed　method．　It　was　fbund　from　the　experimental　results　that七he

success　rate　for　the　facial　expression　recognition　in　the　proposed　method

was　over　80％．

　Moreover，　Prochazka　et　al．　also　proposed　a　facial　expression　recognition

method　using　the　optical一且ow［12］．　However，　in　this　method，　the　vectors

used　for　the　facial　expression　recognition　are　extracted　by　the　optica1－flow，

and　the　Karhunen。L，oeve　expansion（KL　expansion）is　applied　to　these

vectors　in　order　to　decrease　the　number　of　dimension　of　vector．　The　facial

expresslon　recognltlon　is　performed　on　the　basis　of　the　distance　among

the　vec七〇rs　in　the　K：L　space．　In　addition，　they　also　proposed　a　facial

expression　recognition　using　the　optical－flow　and　neural　network．

　In七he　FACS，　the　AUs　which　are　used　fbr　each　facial　expression　are

defined．　Therefore，　the　facial　expression　recognition　can　be　implemented

if　the　AUs　which　are　used　on　facial　expression　image　can　be　estimated．

Choi　et　al．　proposed　a　facial　expression　analysis　method　based　on　the

FACS［13］・In　the　proposed　method，　two　stationary　facial　images　are

used　for　the　presumption　of　facia1　expression．　One　is　the　facial　image　of

neutral　face　and　another　is　the　facial　image　in　which　an　arbitrary　facial

expression　is　expressed．　As丘rst　step　of　the　facial　expression　analysis，　the

position　of　head　in　the　facial　image　in　which　facial　expression　is　expressed

is　a（ljusted　to　the　position　of　head　in七he　facia1　image　of　neutral　face．　The

movement　of　the　internal　fea七ure　on　face　such　as　eyes　can　be　correc七1y

extracted　by　this　operation．　And　then，　the　vec七〇r　of　the　movemen七〇f

the　feature　points　for　the　internal　feature　which　is　predefined　on　face
サ

1s　calculated　on七he　basis　of　the　difference　among　these　facial　images．
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The　AUs　on　the　facial　expression　image　are　estimated　on　the　basis　of

the　calculated　vectors．　This　estimation　is　performed　by　utilizing　tree

structure．　They　designed　the　experiments　with　some　subjects　in　order

to　con丘rm　the　e舐∋ctiveness　of　the　proposed　method．　The　experimental

results　revealed　that　the　AUs　which　were　estimated　by　using　the　proposed

method　corresponded　to　the　AUs　j　udged　by　psychologist．

　　Moreover，　several　facial　expression　recognition　methods　based　on　the

FACS　have　been　proposed　［14］　［15］［16］．　ln　the　facial　expression　recognition

method　proposed　by　Otsuka　et　al．，　some　feature　points　are　put　on　the　face

［14］．　The　triangular　regions　on　face　are　calculated　by　connecting　these

feature　points．　The　node　in　each　region　is　decided　on　the　basis　of　feature

points　on　each　region．　The　correspondences　between　the　movement　of　the

nodes　fbr　these　regions　and　the　AU　are　calcula七ed．　The　AUs　used　on　the

facial　expression　image　are　estimated　on　the　basis　of　the　correspondences．

The　facial　expression　recognition　is　performed　by　the　AUs　estimated．

　In　the　facial　expression　recognition　method　proposed　by　Kawakami　et

al，　the　movement　amount　of　the　feature　points　which　are　put　on　facial

organs　is　employed　as　the　input　data　in　neural　network　［15］．　The　AUs　cor－

responding　to　the　movement　amount　are　obtained　as　the　output　of　neural

network．　The　facial　expression　on　facial　expression　image　is　decided　by

the　neural　network　which　employs　these　AUs　as　the　input　data．

　In　the　method　proposed　by　Ando　et　al．，　seven　parameters　are　used

for　facial　expression　recognition　［16］．　They　are　the　tilt　and　position　of

eyebrow，　the　vertical　length　of　eye，　the　position　of　upper　lip　and　lower

lip，　the　position　of　mouth　ends，　and　the　width　of　mouth．　The　AUs　are

decided　by　tree　structure　on　the　basis　of　the　change　of　these　parameters．

The　facial　expression　recognition　is　performed　by　comparing　these　AUs

with　the　AUs　for　the　six　basic　facial　expressions．

暉
暉

1．3．3．2　Type　2

In　the　facial　expression　recognition　method　based　on　the　amount　of　the

movement　of　the　feature　point　pre－defined　on　face，　it　is　assumed　that

the　feature　points　on　face　can　be　completely　detected．　ln　this　method，

the　changing　amounts　of　the　geometric　data　for　the　internal　features　on

face　are　employed　as　the　parameters　for　the　facial　expression　recognition．

These　data　are　detected　on　the　basis　of　the　feature　points　which　are　put　on

face　in　facial　expression　image．　The　facial　expression　recognition　is　carried

out　by　comparing　the　data　for　unknown　facial　expression　image　with

the　data　for　each　facial　expression．　An　example　of　the　facial　expression
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recognition　methods　based　on　the　amount　of　the　movement　of　the　feature

point　predefined　on　face　is　introduced　below．

　　Ishii　et　al．　proposed　a　facial　expression　recognition　method　based　on

the　change　of　parameters　for　facial　organs　［17］．　ln　this　method，　four

parameters　for　facial　organs　are　employed；　i．e．，　curvature　of　mouth，　the

ratio　of　length　and　breadth　of　mouth，　the　degree　of　eye　open，　and　the　tilt

of　eyebrow．　The　facial　expression　recognition　is　carried　out　on　the　basis

of　these　parameters　for　facial　expressions　and　the　modified　Euclidean

distance．　Through　the　experiment　with　some　subjects，　they　confirmed

that　the　facial　expression　recognition　can　be　implemented　by　the　proposed

method．

　Kobayashi　et　al．　also　proposed　a　facial　expression　recognition　based　on

the　movement　of　facial　organs　［18］．　ln　the　proposed　method，　at　first，　the

contours　of　the　facial　organs　in　the　facial　image　are　automatically　extract－

ed．　ln　the　contour　extraction　of　facial　organs，　elastic　contour　model　and

dynamic　programming　are　employed．　ln　the　contour　extraction　based　on

the　elastic　contour　model，　some　control　points　are　put　on　the　facial　or一一

gans．　These　control　points　are　connected　to　each　other　by　spring　model．

The　contour　of　facial　organ　is　decided　by　minimizing　the　elasticity　ener－

gy　of　this　model．　This　minimization　of　elasticity　energy　is　performed　by

using　the　dynamic　programming．　Moreover，　the　facial　expression　recog－

pition　is　implemented　by　using　the　Categorizing　and　Learning　Module

（CALM）　which　is　one　of　the　self－organized　neural　networks．　ThT?　amount
of　movement　of　control　points　which　are　decided　by　elastic　contour　model

is　used　as　the　input　data　for　the　CALM．　They　designed　the　experiment

with　some　subjects　in　order　to　con丘rm七he　effect　iveness　of　the　proposed

method．　The　experimental　results　revealed　that　it　is　required　to　improve

the　proposed　method　because　the　success　rate　of　facial　expression　recog－

nition　for　six　basic　facial　expressions　was　75　％　at　most．

螺
　
，
織
．
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1．3．3．3　Type　3

As　the　facial　expression　recogni七ion　based　on七he　global　change　of　the

internal　feature　of　face，　the　facial　expression　recognition　methods　using

the　Potential　Net，　the　spatial　frequency，　and　the　template　matching　have

been　proposed．　ln　these　methods，　the　facial　expression　recognition　meth－

ods　using　the　Potential　Net　are　introduced　below．

　In　the　conventional　facial　expression　recognition　on　computer，　the　shapes

and　positions　of　the　internal　features　on　face　such　as　eye　or　nose　are　ex－

tracted　from　facial　image　and　then　the　facial　expression　recognition　is
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performed　on　the　basis　of　this　information．　Howeveri　it　is　difliicult　to　ex－

tract　stably　the　shapes　and　positions　of　the　internal　features　from　various

facial　images．　Therefore，　it　is　necessary　to　develop　the　facial　expression

recognition　method　which　can　treat　a　facial　expression　image　as　a　pat－

tern　in　order　to　implement　robust　facial　expression　recognition．　Matsuno

et　al．　proposed　a　facial　expression　recognition　method　using　the　Poten－

tial　Net　and　the　KL　expansion　［19］．　The　Potential　Net　is　the　physical

model　which　can　extract　the　characteristic　of　internal　feature　of　face　as　a

pattern　from　facial　image．　ln　the　facial　expression　recognition　using　the

Potential　Net，　some　nodes　which　are　connected　to　each　other　by　spring

model　on　two－dimensional　grid　are　put　on　facial　image．　These　nodes　move

to　the　positions　of　internal　features　in　facial　image　on　the　basis　of　the

external　force　and　elastic　force．　The　form　of　Potential　Net　considerably

reflects　the　characteristic　of　face　because　the　Potential　Net　is　transformed

by　the　movement　of　nodes．　The　vector　which　consists　of　the　movement

amount　of　nodes　is　calculated　in　the　transformed　Potential　Net．　More－

over，　the　KL　expansio：n　is　apPlied　to　the　vec七〇r　in　order　to　compose　the

Iow－dimensional　space　which　is　effective　for　the　facial　expression　recogni－

tion．　The　facial　expression　recognition　is　performed　on　the　basis　of　the

distance　in　this　space　between　the　inputted　vector　and　the　vector　for　each

facial　expression．　They　made　some　experiments　and　revealed　that　in　the

proposed　method，　the　success　rate　for　the　facial　expression　recognition　of

anger，　happiness，　surprise　and　sadness　was　over　90　％．

　Bessho　et　al．　also　proposed　facial　expression　recognition　using　the　Po－

tential　Net　［20］．　However，　in　this　method，　the　face　detection　based　on

the　Potential　Net　in　addition　to　the　facial　expression　recognition　based

on　the　Potential　Net　is　employed　in　order　to　implement　more　effective

facial　expression　recognition．　The　face　detection　is　performed　by　compar－

ing　the　template　Potential　Nets　prepared　previously　with　the　Potential

Net　which　is　calculated　for　the　unknown　facial　image．　They　designed　the

experiment　to　confirm　the　effectiveness　of　proposed　method．　From　the

experimental　results，　they　found　that　the　proposed　method　could　allow

the　effective　implementation　of　facial　expression　recognition　in　the　case

where　the　facial　images　which　involve　background　and　are　various　sizes

were　employed　as　the　recognition　target．

1．3．3．4　Typ　e　4

1n　the　facial　expression　recognition　utilizing　time　series　of　facial　expres－

sion，　the　facial　expression　recognition　method　using　the　Hidden　Markov
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Model　（HMM）　has　been　proposed．　Moreover，　there　is　the　facial　expres－

sion　recognition　method　based　on　the　Recurrent　Neural　Network．　The

facial　expression　recognition　method　using　the　HMM　is　introduced　below．

　Facial　expressions　basically　are　related　to　the　change　of　time．　Therefore，

it　is　difficult　to　maintain　the　stability　of　performance　for　the　facial　expres－

sion　recognition　in　the　case　where　the　stationary　facial　images　are　em－

ployed．　Sakaguchi　et　al．　proposed　a　facial　expression　recognition　method

using　the　HMM　in　order　to　implement　the　facial　expression　recognition

which　can　consider　the　sequential　change　of　face　for　facial　expression　［21］．

In　the　proposed　method，　the　Wavelet　filtering　process　is　applied　to　each

frame　of　the　facial　image　sequence．　The　feature　vectors　are　extracted　on

the　basis　of　the　average　power　in　each　frequency　band　in　the　Wavelet

filtering．　The　vector　quantization　is　performed　in　order　to　convert　vector

into　the　symbol　which　is　inputted　to　HMM．　The　vector　quantization　is

perfbrmed　with　the　category－separa七ed　code　book．　The　symbol　sequence

is　inputted　to　the　HMM，　and　the　facial　expression　recognition　is　per－

formed　on　the　basis　of　the　category　which　has　highest　probability．　They

designed　the　experiments　with　a　specific　person　in　order　to　confirm　the

effectiveness　of　the　proposed　method．　The　experimental　results　indicat－

ed　that　the　average　success　rate　for　four　facial　expressions　of　surprise，

sadness，　smile　and　anger　was　93．7　oro　in　the　facial　expression　recognition

using　the　proposed　method．

1．4 Face　Identification

So　far，　password　and　ID　card　have　been　generally　used　to　identify　a

person・However，　there　is　the　possibili七y　that　persons　forget　the　password

or　lose　the　ID　card　in　the　case　where　the　identification　is　performed　by

using　them．　To　solve　this　problem，　recently，　the　identification　based

on　human　biometrics　have　been　focused　on　in　order　to　implement　more

convenient　and　advanced　person　identification　system．　The　biometrics

indicates　the　biometrical　characteristics　of　human．　This　biometrics　has

the　following　advantages　for　the　identification．

e　The　biometrics　is　characteristic　of　each　person．

e　lt　does　not　change　for　a　long　t　ime．

●It　is　di伍cult　to　fake　or　imita七e　i七．
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　Some　typical　biometrics　and　its　classification　are　shown　in　Table　1．3．

As　shown　in　Table　1．3，　there　are　fingerprint，　iris，　face　and　so　on　as　typi－

cal　biometrics．　The　fingerprint　is　famous　biometrics　because　it　has　been

used　for　the　criminal　investigation　from　old　times．　Recently，　in　the　i－

dentifications　based　on　the　biometrics，　face　identification　is　focused　on

because　it　has　more　effective　advantages　for　the　identification　over　the

identification　based　on　other　biometrics　［22］［23］．　The　advantages　in　the

face　identification　are　as　follows．

e　When　a　person　is　identified　by　human，　the　identification　is　almost

　performed　by　using　face．　Therefore，　the　face　identification　is　natu－

　ral　for　human，　and　the　identification　which　does　not　make　the　user

　uncomfortable　can　be　implemented　in　comparison　with　other　bio－

　metrics．　Namely，　it　is　easy　to　be　accepted　by　people．

e　The　user　does　not　need　to　do　special　actions　for　the　identification．

　For　example，　in　the　identification　using　fingerprint，　the　user　has　to

　touch　the　apparatus　to　take　the　fingerprint　used　for　the　identifica－

　tion．　ln　the　face　identification，　the　user　has　only　to　show　own　face

　to　a　camera．

e　The　face　identification　does　not　need　special　apparatus　and　environ－

　ment．　The　apparatus　needed　for　the　face　identification　is　a　camera

　only．　In　addition，　the　face　identi丘ca七ion　can　be　fundamen七ally　per－

　formed　on　any　environment．

●The　face　identification　has七he　effect　fbr　res七raining　crimes　because

　it　is　unnatural　that　the　user　shows　own　face　to　the　identification

　system　only　and　does　not　show　it　to　people　being　around　him／her．

e　lt　is　difficult　to　imitate　or　fake　other　person’s　face．　Therefore，　it　is

　impossible　to　increase　the　success　rate　of　funny　business．

●The　introduction　cos七is　not　so　expensive　because　particular　apPa－

　ratuses　are　not　required　for　the　face　identification．・

e　The　registration　of　the　user　into　the　system　is　easy　because　the　user’s

　facial　image　is　ollly　taken　in　the　registration　fbr　the　face　iden七i丘ca－

　tion．

As　described　above，　the　development　of　effective　face　identification　sys－

tem　is　very　useful　for　the　progress　of　advanced　security　system　or　fiexible

user　interface．
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Classi丘cation Biometrics

Morphological　biometrics Face，　Fingerprint，　Eyeprint，：Lip，　Palm，　Iris

Func七ional　biometrics Vbiceprin七，　Autography，　Action

Biochemical　biometrics Blood，　Saliva，　DNA

Table　1．3：　Typical　biometrics　and　its　classification

le4・1 Face　ldentification　Process

The　process　of　face　identification　is　illustrated　in　Figure　1．3．　As　shown

in　Figure　1．3，　at　first，　the　type　of　target　face　has　to　be　decided．　That

is，　the　kind　of　the　facial　image　employed　for　the　face　identification　is　de－

cided．　After　this　decision，　the　facial　images　based　on　the　decided　type

are　collected．　The　pre－processing　is　applied　to　the　collected　facial　image

in　order　to　promote　the　performance　of　face　identification．　And　then，，

the　attribute　used　for　the　identification　is　extracted　from　the　facial　im－

age．　Finally，　the　identification　is　perfbrmed　on七he　basis　of　the　extracted

attribute．　The　detail　of　each　step　is　described　below．

1．4．2　TargeポFacial　Image

At　first，　the　type　of　facial　image　employed　in　the　face　identification　has

to　be　decided．　The　following　items　must　be　j　udged　for　the　decision　of

type　of　facial　image．

e　Dimension：　ln　the　dimension　of　facial　image，　there　are　two　types；

　i．e．，　two－dimensional　facial　image　and　three－dimensional　facial　im－

　age．　The　face　can　be　measured　on　three　dimensions　by　using　the

　three－dimensional　measurement　apparatus　and　technique．　There　are

　several　studies　on　the　implementation　of　face　identification　based　on

　three－dimensional　facial　image．　The　accurate　face　identification　may

　be　able　to　be　implemented　by　using　three－dimensional　facial　image

　because　the　three－dimensional　facial　image　can　have　more　informa－

　tion　about　face　than　two－dimensional　facial　image．　However，　a　three－

　dimensional　scanner　is　necessary　to　measure　face　on　three　dimension－

　s，　and　data　size　is　considerably　large．　Therefore，　the　environment　to

　install　the　face　identification　system　is　strongly　restricted．　ln　addi－

　tion，　there　is　the　problem　in　terms　of　the　computational　cost．　On

　the　other　hand，　in　the　two－dimensional　facial　image，　the　loss　of　face

　information　arises　because　face　is　originally　three－dimensional　obj　ec一
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Figure　1．3：　Process　of　face　identification

t．　However，　two－dimensional　facial　image　has　enough　information　to

perform　the　face　identification，　as　human　can　identify　a　person　in

the　case　where　the　twodimensional　facial　image　is　used．　Moreover，

there　are　some　advantages　in　two－dimensional　facial　image　in　com－

parison．　with　three－dimensional　facial　jmage；　i．e．，　the　computational

cost　is　low，　the　environment　to　install　is　not　restricted，　and　the　fa－

cial　image　can　be　easily　taken　by　a　camera．　For　these　advantages，

two－dimensional　facial　image　is　frequently　used　in　many　studies　on

the　face　identification．

e　Angle：　ln　the　face　identification，　it　is　necessary　to　decide　the

　viewpoint　for　face；　i．e．，　the　angle　of　face．　lt　makes　hard　the　face

　identification　to　allow　the　user　to　input　his／her　face　in　various　angles．

　Therefore，　the　research　on　the　face　identification　is　carried　out　on　the

　basis　of　the　assumption　that　the　user　is　allowed　to　input　the　face　in　a

　particular　angle・As　the　angle　of　face，　there　are　f沁n七al　facia1　image，

　profile　image　and　oblique　facial　image．　Several　studies　on　the　face

　identification　based　on　profile　have　been　reported　from　latter　half　of

　1970s．　ln　addition，　the　studies　on　the　face　identification　using　the

　combination　of　frontal　face　and　pro丘1e　for　the　face　identification　has

　been　reported．　The　facial　image　used　in　the　recent　face　identification

　is　almost　frontal　face　although　some　studies　on　the　face　identification

　based　on　profile　are　reported．　The　identification　using　the　oblique

　face　has　been　not　almost　reported．

eStill／Motion：　ln　the　type　of　facial　image，　there　are　still　and

　motion．　The　stationary　facial　image　is　usually　employed　in　the　face

　identification　while　the　facial　image　sequence　is　frequently　used　in

　the　facial　expression　recognition．　The　face　identification　based　on
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　the　facial　image　sequence　is　seldom　implemented．

eB．W．／Color：　The　facial　image　is　represented　as　color　image　or

　grayscale　image．　The　color　facial　image　has　e舐∋ctive　information

　to　identify　person　such　as　skin　color．　However，　the　amount　of　data

　and　computational　cost　considerably　increase．　The　grayscale　facial

image　is　often　used　in　the　face　identification　because　it　is　reported

that　the　effective　face　identification　can　be　performed　by　using　the

　grayscale　facial　image．

　The　type　of　facial　image　employed　in　the　face　identification　is　decided

by　combining　these　items；　e．g．，　two－dimensional，　frontal，　stationary　and

grayscale　facial　image．

1．4．3　Pre－processing

The　face　identifica七i・n　can　be　acc・mplished　by　using七he　facial　image

involving　the　obj　ects　except　face　such　as　background．　However，　pr－
?－

processing　is　required　to　improve　the　performance　of　face　identification．

The　face　detection，　localization　and　normalization　are　employed　as　the

typical　pre－processing　for　the　face　identification．

The　face　detection　is　the　operation　to　find　and　extract　the　region　of

face　in　the　image．　As　clues七〇implement　the　face　detec七ion，　there　are

motion　［24］，　color　［25］　and　shape　［26］．　Table　1．4　indicates　the　strong　and

weak　points　of　each　clue．

　The　motion　is　effective　clue　for　the　face　detection　in　the　image　sequence．

In　addition，　the　face　detection　based　on　motion　is　useful　in　the　case　where

the　real－time　face　detection　is　required．　However，　the　accuracy　for　the

face　detection　is　not　so　high．　Therefore，　the　face　detection　based　on　the

motion　is　used　to　catch　broadly　the　region　in　which　the　face　exists．

　It　is　known　tha七the　skin　color　is　the　effec七ive　clue　for　the　detection

of　face　from　the　image　in　which　the　complicated　background　is　involved．

Therefore，　the　face　detection　based　on　color　is　performed　on　the　basis

of　the　skin　color　in　the　image．　However，　the　performance　of　this　face

detection　depends　on　the　s七ate　of　background．　Namely，　the　face　detection

based　on　the　color　is　hard　when　the　color　of　background　is　similar　to　the

polor　of　skin．　Therefore，　the　face　detection　in　which　the　relationship

between　feature　of　background　and　feature　of　face　can　be　considered　ha－

to　be　employed．

As　the　approach　which　focuses　on　the　shape　of　face，　the　methods　which

qtilize　the　symmetry　of　face，　the　circle　model　for　contour　of　face　and　so
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Clue Strong　pint Weak　point
Motion Motion　is　suitable長）r　the The　face　detection　is　hard

魚ce　detection　in　the　image when　there　are　several　mov．

sequence・ ing　objects　in　the　image

sequence・
Color The　face　detection　based　on It　is　dif壬icult　to　detec七〇n＿

color　is　robust　against　the ly　a　face　from　human　body．

change　of　distance　and　an一 The　accura七e　decision　of

gle．　The　processing　speed f』ce　position　is　dif丑cult．

is　fast．

Shape It　is　possible　to　decide　cor一 The　face　detection　based　on
rectly　the　face　position　on shape　is　often　influenced　by

the　basis　of　the　contour　of the　change　of　angle　and　dis一

face　or　the　internal　fbatures tance．　The　computational
on　face． process　is　complicated．

Table　1．4：　Strong　and　weak　points　of　each　clue　for　face　detection

on　have　been　proposed．

Moreover，　Several　face　detection　methods　based　on　other　clues　have

been　pro－posed；　e．g．，　combination　of　color　and　shape　［27］，　luminance　［28］，

wavelet　［29］，　pixel　value　［30］［31］　and　so　on．

The　localization　and　normalization　are　also　needed　to　improve　the　per－

formance　of　face　identification．　The　performance　of　face　identification

can　be　improved　by　adjusting　the　face　size　to　same　size　of　facial　image

registered　in　facial　image　database．　This　operation　is　called　the　normal－

ization．　The　normalization　is　performed　on　the　basis　of　the　position　of

internal　features　on　face　such　as　eyes．　Therefore，　the　operat　ion　to　find　the

internal　features　on　face，　i．e．，　localization，　is　needed．　The　more　accurate

face　identification　can　be　implemented　by　adopting　these　pre－processing．

1・4．4　Attribute　Extraction

The　attributes　used　for　the　face　identification　are　extracted　from　the

facial　image　after　the　pre－processing．　The　attributes　used　for　the　face

identification　are　classified　into　the　following　three　types．

1．　Geometric　attribute

2．　Attribute　based　on　global　pixel　pattern
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3．　Attribute　based　on　statistical　technique

　　In　the　geometric　attribute，　the　internal　features　on　face　are　extract－

ed　by　utilizing　the　knowledge　about　the　structure　of　human　face．　The

shape　and　size　of　the　extracted　internal　features　are　converted　to　numer－

ical　data．　The　numerical　data　are　employed　as　the　attributes　for　the

face　identification．　For　example，　the　edge　extraction　is　applied　to　the

facial　image　and　then　the　extracted　shape　and　size　of　internal　features　on

face　are　used　as　the　attributes　for　the　face　identification．　This　attribute

is　often　influenced　by　lighting　condition　because　the　accuracy　of　edge

extraction　depends　on　the　lighting　condition．

On　the　other　hand，　in　the　attribute　based　on　the　global　pixel　pattern，

the　gradation　value　on　each　pixel　of　the　facial　image　is　simply　used　as

the　attributes　for　the　face　identification．　This　attribute　has　the　weakness

that　the　size　of　attribute　is　very　large．　For　example，　in　the　case　where

the　size　of　facial　image　is　128　×　128，　the　size　of　attributes　is　16，384．

In　addition，　this　attribute　is　often　influenced　by　the　fluctuations　on　the

environment　where　the　facial　image　is　taken．　The　mosaic　attributes　have

been　proposed　in　order　to　decrease　the　size　of　attribute　and　implement

the　robustness　against　the　fluctuations　on　the　environment．　ln　the　mosaic

attribute，　the　facial　image　is　divided　into　some　blocks．　The　average　value

of　pixels　in　each　block　is　calculated．　These　average　values　are　employed

as　the　attributes　for　the　face　identification．

　Recently，　the　attributes　based　on　the　statistical　technique　have　been　fre－

quently　utilized　for　the　face　identification．　As　the　representative　method

of　the　attributes　based　on　the　statistical　technique，　there　is　the　eigenface

method．　The　eigenface　method　is　introduced　below．

In　this　method，　the　Principal　Component　Analysis　is　applied　to　a　set　of

pixel　vectors　which　are　extracted　from　many　facial　images，　and　then　the

orthonormal　basis　called　eigenface　is　calculated．　The　pattern　in　which

dimension　is　compressed　is　obtained　by　applying　Karhunen－Loeve　expan－

sion　（KL　expansion）　based　on　this　eigneface　to　the　pixel　vector　of　facial

images．　This　pattern　is　employed　as　the　attributes　for　the　face　identifi－

cation．　The　above　process　is　formalized　as　follows．

　Suppose　that　a　pixel　vector　of　facial　image　is　N　dimensions　and　there　are

M　pixel　vectors；　Xm；　m　＝　1，　2，　・　・　・　，　M．　These　pixel　vectors　of　facial　image

are　used　as　a　sample　set．　The　average　vector　pa　is　calculated　from　this

set．　And　then，　the　covariance　matrix　R　for　the　sample　set　is　calculated

by　the　following　formula．
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　　　　　1　A1
R　＝　17tz　．III．］一，（Xm　一一　pa）（Xm　一’一　pa）‘

（1．1）

Suppose　that　in　K　large　eigenvalues　for　this　matrix，　the　eigenvectors

which　satisfy　the　following　formula　（1．2）　and　（1．3）　is　thk；　k　＝　1，2，…，K．

Rthk　＝　Akthk （1．2）

ψ鰍＝1 （1．3）

where，

Ail）A211）’”｝i）AK｝）’”．〉一一Aiv

　Using　this　orthonormal　basis　thk；k　＝＝　1，2，・・e，K，　the　result　that　an

arbitrary　vector　X　is　developed　by　the　formula　（1．4）　is　calculated．　The

K　dimensional　vector　Y　which　is　obtained　by　using　this　result　in　formula

（1．5）　is　the　pattern　in　which　the　dimension　is　com－垂窒?ｓｓｅｄ．

y£M）　＝　（Xm－pa）t17！’k
k　＝　1，　2，…　　，K （1．4）

y．　＝＝　（yim），…，yStm））
（1．5）

It　is　well　known　that　in　this　method，　the　minimization　of　mean　square

error　in　the　formula　（1．7）　is　attempted　by　the　approximation　of　the　for－

mula（1・6）fbr　each　vector　on　a　sample　se七．

　
μ
　
十軌鯉

　
雪
K
Σ
司

＝ん＆ （1．6）

」（｛Ψk｝）一四界1㌃潔）ψん一μl12
（1．7）
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　The　eigenvector　thk　obtained　from　a　sample　facial　image　is　N　dimen一一

sional　vector，　and　it　can　be　regarded　as　a　facial　image．　Using　the　formula

（1．6），　an　arbitrary　facial　image　is　approximated　by　the　linear　association

of　them．　Therefore，　the　thk　is　called　eigneface　because　it　is　the　basis　of

facial　image．

　The　type　of　attribute　used　for　the　face　identification　are　decided，　and

the　attributes　based　on　the　decided　type　are　extracted　from　the　facial

image．　Following　the　attribute　extraction，　the　face　identification　is　per－

formed　on　the　basis　of　the　matching　process　using　these　attributes．　ln

next　subsection，　the　detail　of　identification　method　is　described．

1．4．5　Person　ldentification

In　the　face　identification，　there　are　two　types　of　person　identification；　i．e．，

verification　and　classification．　ln　the　verification，　the　user　simultaneous－

ly　present’刀@a　certificate　to　identify　him／her　and　the　face．　The　matching　’

between　the　face　corresponding　to　the　certificate　and　his／her　face　is　per－

formed．　lt　is　j　udged　whether　the　user　is　owner　of　the　certificate　or　not

by　using　the　matching　result．　ln　the　classification，　the　user　presents

face　only，　and　it　is　judged　which　person　the　user　is　in　the　facial　image

database．　The　classification　needs　the　face　information　of　all　users　in　the

facial　image　database　when　the　identification　is　performed，　while　the　face

information　of　one　user　only　is　needed　in　the　verification．　Therefore，　the

verification　can　be　regarded　as　a　sub－problem　of　classification．

In　the　face　identification，　it　is　most　desirable　that　the　face　on　each

person　comple七ely　separates　in　the　attribute　space．　However，　there　is

the　possibility　tha七the　erroneous　identification　occurs　because　the　over＿

Iap　among　the　users　arises　in　the　attribute　space　by　various　fluctuations

caused　when　the　facial　image　is　taken．　Therefore，　the　development　of　the

face　identification　in　which　the　rate　of　erroneous　identification　is　low　is

required．

1・4．6　Issues　on　Face　Identification

There　are　many　issues　which　have　to　be　solved　in　order　to　implement

practical　face　identification　systems．　One　of　important　issues　is　the　im－

plementation　of　the　robustness　against　various　fluctuations．　The　example

of　fluctuations　is　as　follows．
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1．　Photographic　fluctuation

e　Lighting　condition　（Color　of　lighting，　influence　of　daylight，　etc．）

e　Condition　of　background　（Color　of　background，　overlap　with

　other　persons，　etc．）

e　Photography　condition　（Angle　of　camera－work，　obj　ect　distance，

　rotation　of　object，　etc．）

e　Posture　condition

2．　Appearance　fluctuation

e　Bangs　and　whiskers

e　Glasses，　cap／hat　and　apparel

e　Change　of　face　caused　by　suntan，　injury，　bruise　and　so　on

e　Change　of　face　shape　caused　by　growing　older，　putting　on　weight，

　growing　thin　and　so　on

e　Adornments　（make－up，　painting，　etc．）

e　Facial　expressions

　The　fluctuations　are　classified　into　two　types．　One　is　the　fluctuation

caused　by　change　of　environment　where　the　facial　image　is　taken，　called

photographic　fluctuation，　and　another　is　the　fluctuation　caused　by　change

of　appearance，　called　appearance　fluctuation．　The　former　is　the　fiuctua－

tions　which　inevitably　occur　when　the　facial　image　is　taken．　The　latter

can　be　avoided　by　restricting　the　condition　of　user　when　the　face　iden－

tification　is　performed．　The　latter　is　harder　problem　than　former　in

the　object　recognition　point　of　view．　An　example　of　the　photographic

fluctuations　is　shown　in　Figure　1．4，　and　an　example　of　the　appearance

fluctuations　is　shown　in　Figure　1．5．　Many　studies　on　the　implementation

of　the　robustness　against　these　fiuctuations　have　been　carried　out　for　the

face　identification．　ln　next　subsection，　several　studies　are　introduced．

1．4．7　Related　Works　and　Applications

There　are　numerous　successfu1　implementation　of　the　face　identification

and　practical　applications　on　the　face　identification　are　developed．　Sever－

al　related　works　and　apPlications　on　the　face　iden七ification　are　described

in　Table　1．5．　The　major　problem　in　the　face　identification　is　to　imple一　’

ment　the　robustness　against　various　fluctuations．　ln　numerous　studies

related　to　the　face　identification，　the　implementation　of　the　robustness
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Lighting　fluctuati　on

Rot　ati　on　fluctuati　on
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　　　　　　　　　　　　　　　　　　　　　　　　Di　stance且uctuati　on

　　　　，　　　　　Figure　1．4：An　example　of　photographic　fluctuations（F170m　MIT　face　database）
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Glasses　and　apparel　fluctuation

　　　　　　　　　　　　　Faci　al　expre　s　sion　fl　uctuati　on

Fig　ure　1．5：　An　example　of　appearance　fluctuations　（From　ORL　face　database　and　Purdue

University　face　database）
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Fluctuation Author Attribute
extraction

Recognition　Main　Year
method　referencePosture Inakoshi　et　al．

Imaoka　et　al．

Kuriyama　et　al．

Principal　compo－

nent　analysis

Luminance

high　order　local

auto－correlation

of　pixels

Euclidean

dista皿ce

Correlation

Discriminant

analysis

［32］

［33］

［34］

1999

O
」
Q
V

O
り
0
σ

0
σ
0
σ

－
■
－
⊥

Lighting Sohma　et　al．

Doi　et　al．

Yamarnoto　et　al．

Mosaic

Pixel

Pixel

Mahaユa皿obis
correlations

Correlation

Virtual　sub－

space　method

［35］

［36］　［3　7］

［38］

1997

1998

2000

Posture　8d　Lighting　Akamatsu　et　al． KL　expansion　of　Euclidean

Fourier　spectrum　distance

［39］ 1993

Angle Kurita　et　al． Principal　compo－

nent　analysis

Neural

network

based　on　gat－

ing　network

［40］ 1999

FaciaJ　expression Kitada　et　al．

Umeyama　et　al．

Hirayama　et　al．

Sakano　et　al．

Futamura　et　al．

Morphological
arialysis

Supervised　inde－

pendent　compo－
nent　analysis

Isodensity　maps

Mosaic

Independent

Component
Analysis

Matching

Correlation

Template
matching

Kernel　mutu－

al　subspace
method
Euclidean

distance

［41］

［42］

［43］

［44］

［45］

1998

1999

1999

1999

1999

Posture　＆　Facial

expresslon

Pramadhanto　et　al．　Gabor　wavelet Dynamic　link
architecture

［461 1997

Facial　expression，

Glasses　8c　Age

Kosugi Mosaic NeuraJ

network

［47］ 1993

Table　1．5：　List　of　studies　on　face　identification

against　various且uctuations　is　attempted．　In　the　Table　1．5，　they　are　clas－

sified　by　the　fluctua七ion　which　is　fbcused　on，　and　the　attribut6　and　the

recognition　me七hod　which　are　used　fbr　the　identi丘cation　are　described．

Moreover，　some　related　works　and　apPlications　in　which　the　fluctuations

are　not　trea七ed　in　the　experiment　are　described　below．

　It　has　been　repor七ed　that　the　accuracy　of　identi丘cation　is　high　in　the

identification　based　on　fingerprint　and　eyeprint，　so　that　practical　system－

shave　been　developed．　In　the　identi丘cation　based　on　fingerprint　and

　　　　　eyeprlnt，　a　particular　action　of　the　user　is　required　in　order　to　obtain

fingerprint　or　eyeprint　when　the　identi丘cation　is　perfbrmed．　However，

七he　user，s　burden　is　large　in　such　identification．　Although　the　identifi－

cqtions　based　on　face　and　voice　in　which　a　particular　ac七ion　of　the　user
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is　not　required　have　been　proposed，　the　accuracy　fbr　the　identifica七ion

is　not　enough　at　present．　Maeda　et　al．　proposed　an　identi丘cation　sys－

tem　based　on　the　integration　of　facial　image，　walking　image　and　voice　in

order　to　implement　an　identi丘cation　in　which　a　particular　action　is　not

required　and　which　has　high　accuracy　fbr　the　identi丘cation［48］．　The　face

identi丘cation　in　this　system　is　perfbrmed　by　using　the　Mosaic　attributes．

The　experimental　results　revealed　that　the　accuracy　fbr　the　identification

could　be　considerably　improved　by　perfbrming　the　identi丘cation　based

on　the　integration　of　each　identification　result．

　Hisatomi　et　al．　proposed　a　multi－agen七一based　face　identification　system

［49］・This　system　consists　of　some　agents　in　which　different　tasks　are

assigned；e．g．，　extrac七ion　of　attributes，　template　matching　an．d　so　on．

The　face　identification　is　perfbrmed　by　the　coordination　among　these

agents．　It　was　fbund　from　the　experimental　results　that七he　proposed

system　could　perfbrm　the　accurate　identification　by　cooperative　behavior

among　these　agents　in　the　case　where　the　mis－identification　occurred　on

the　one　agent．

In　conventionaI　face　identfication，　the　iden七i丘ca七ion　has　been　performed

by　using　the　stationary　facial　image．　However，　the　impersonated　problem

may　arise　because　it　is　diflicult　to　identify　the　similar　facial　images　in　the

case　where七he　at七ributes　used　fbr　the　identification　are　extfacted　from

the　stationary　facial　image．　To　solve　this　problem，　Ito　e七al．　proposed

aface　identi丘cation　based　on　the　change　of　facial　expression［50］．　The

facial　image　sequence　is　employed　in　this　face　identification．　The　process

in　which　each　user　expresses　a　facial　expression　is　recorded，　and　this　pro－

cess　is　used　as　the　password　fbr　the　face　identi丘cation．　The　possibility

of　the　face　identi丘cation　using・the　facial　expression　as　a　password　was

confirmed　through　the　identi丘cation　experiment．

　Tanaka　et　al・proposed　a　face　identification　using　average　cosine　as七he

attributes［51］・Moreover，七he　effective　regions　on　the　facial　image　fbr

the　identification　based　on　the　average　cosine　attribu七es　were　searched．

It　was　found　from　experimental　results　that　the　searched　regions　did　no七

depend　on　the　kind　of　facial　image　used　fbr　the　identi丘cation．

Sukthankar　et　al．　proposed　a　multi－agent－based　face　identification　sys－

tem　fbr　apartment　complex［52］．　This　identi且cation　system　consists　of

some　agents　which　a　particular　task　is　assigned，　e．g．，　visitor　identifica七ion，
の

mteractive　labeling　of　unknown　visitor，　evaluation　of　face　recogni七ion　al－

gorithrn　and　so　on．　The　face　identification　fbr　apartment　complex　is

lmplemented　by　the　in七eraction　among　these　agents．　They　confirmed　the
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possibility　of　the　face　identification　for　apartment　complex　through　the

experiment　on　the　outdoor　environment．

1．5 Face　Cognitive　Model　Acquisition

As　one　of　evaluation　criteria　for　the　face　recognition　methods，　there　is　the

consistency　with　the　face　cognitive　structure　of　human　［53］．　For　example，

in　the　facial　image　retrieval，　it　is　desirable　that　the　facial　images　which

can　be　j　udged　to　be　similar　by　human　can　be　retrieved　by　computer．

Therefore，　the　research　on　how　human　processes　face　has　been　carried

out．　Namely，　the　face　cognitive　model　of　human　has　been　investigated．

This　subject　is　called　face　cognitive　model　acquisition．　ln　this　section，

the　research　on　the　face　cognitive　model　acquisition　and　the　face　cogni－

tive　model　acquisition　based　on　the　facial　image　database　retrieval　task

method　are　introduced．

1．5．1　Face　Cognitive　Model

The　study　on　how　human　processes　face　is　the　interesting　subject，　and

it　has　been　carried　out　of　old．　So　far，　the　investigation　of　face　cognitive

model　of　human　has　been　mainly　performed　in　the　psychological　field．

However，　the　research　on　the　investigation　of　face　cognitive　model　of

human　has　come　to　be　busily　carried　out　in　the　engineering　field　because

the　knowledge　about　t　he　face　cognitive　model　of　human　is　usefu1　for　the

face　recognition　which　is　utilized　to　implement　effective　human　interface．

In　the　face　recognition，　the　knowledge　about　the　face　cognitive　model　of

human　is　required　in　order　to　implement　the　face　recognition　methods

which　have　the　consistency　with　the　face　cognitive　structure　of　human．

This　subject　is　called　face　cognitive　model　acquisition，　and　the　various

face　cognitive　models　have　been　recently　investigated．　An　example　of　the

studies　on　the　face　cognitive　model　acquisition　is　shown　in　Table　1．6，　As

shown　in　Table　1．6，　the　face　cognitive　models　for　similarity，　age，　sex　and

so　on　have　been　investigated．

　In　the　conventional　face　cognitive　model　acquisition，　the　face　pho－

tographs　are　used　as　the　stimuli．　That　is，　the　investigator　presents　the

face　photographs　to　the　subj　ect，　and　then　the　subject　evaluates　the　face

photographs．　The　face　cognitive　model　of　human　is　investiga七ed　on　the

basis　of　the　relation　between　the　face　photographs　and　the　evaluations．

So　far，　the　face　cognitive　model　acquisition　using　the　face　photograph

stimuli　has　been　often　carried　out，　and　significant　knowledge　has　been
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Face　Cognitive　Model Authors 　　Main　Year
Reference

Similarity　j　udgment　among　faces A．　Morisaki　et　al． ［55］ 1995
Age　and　sex T．　Takasaki　et　al． ［56］ 1996
False　smile M．　Nomura　et　al． ［57］ 1999

Average　face M．　Nishitani　et　al． ［58］ 1999
Attractive　face T．　Kato　et　al． ［59］ ．1998

Childish，　adult，　manly　and　womanish

face
M．　Yamaguchi　et　al． ［60］ 1996

Relation　between　facial　expressions

and　viewpoint

T．　Ogawa　et　al． ］5［ 1997

Relation　between　configural　processing

and　surface－based　processing　of　face

T．　’lvuj　ii ［61］ 1998

Relation　between　facial　expressions

and　face　identification

R．　Nagayama　et　al． ［62］ 1998

Relation　between　facial　expressions

and　music　＆　talk

T．　Kato　et　al． ［63］ 1998

Relation　between　facial　expressions

and　face　ldentification

M．　Miyoshi ［64］ 1998

Motion　in　facial　expressions N．　Matsuzaki　et　al． ］6［ 1999
Facial　expressions M．　Kamachi　et　al．

T．　Kato　et　al．

S．　Shibui　et　al．

M．　Oda　et　al．

N．　Wada　et　al．

S．　Yoshikawa　et　al．

T．　Kato　et　al．

N．　Wada　et　al．

A．　Miura　et　al．

M．　Yamaguchi　et　al．

H．　Umemura　et　al．

［
7
］

［65］

［66］

［67］

［68］

［69］

［70］

［71］

［72］

［73］

［74］

1998

1998

1998

1999

1999

1999

1999

1999

1999

1999

1999

Table　1．6：　List　of　face　cognitive　model　acquisitions

ob七ained．　However，　in　the　face　cogni七ive　model　acquisition　using　the　face

photograph　stimuli，　the　face　photographs　which　are　taken　in　the　real　en一

　　
vlronment　are　used．　Namely，　the　inves七igator　can　not　directly　a（ljust　the

face　photograph　stimuli．　Moreover，　in　the　face　cognitive　model　for　face

expressions，　the　accurate　face　cognitive　model　can　be　acquired　by　using

the　image　sequence　because七he　facial　expressions　are　mainly　recognized

by　human　o：n　the　basis　of　the　change　of　face．　Therefbre，　it　is　difHcult　to

　　　　ゆacqulre　more　accurate　face　cognitive　model　of　human　in　the　case　where

the　face　photograph　stimuli　are　utilized．

To　solve　this　problem，七he　face　cognitive　model　acquisi七ion　has　come　to

be　perf・rmed　by　using　the　image　pr・cessing　techn・1・gy［54］．　Namely，　the

facial　images　are　used　as七he　stimuli　for　the　face　cognitive　model　acqui一
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sition．　ln　the　case　where　the　facial　images　are　utilized　as　the　stimuli　for

the　face　cognitive　model　acquisition，　the　investigator　can　directly　adj　ust

or　change　the　facial　images．　Moreover，　the　face　cognitive　model　can　be

acquired　as　numerical　da七a　without　perfbrming　the　direct　measurement

of　the　stimuli　because　the　facial　images　are　created　from　the　numerical

pixel　values．　The　various　and　accurate　face　cognitive　models　can　be　ac－

quired　by　using　the　image　processing　technology　in　comparison　with　the

face　cognitive　model　acquisition　using　the　face　photograph　stimuli．

　The　image　processing　technology　which　is　frequently　used　in　the　face

cognitive　model　acquisition　is　Morphing　technology．　The　Morphing　tech－

nology　is　often　used　for　the　face　cognitive　model　acquisition　for　the　aver－

age　face　and　facial　expressions．　The　different　facial　images　can　be　com－

bined　in　arbitrary　composition　rate　by　using　the　Morphing　technology．

Therefore，　the　facial　images　which　do　not　actually　exist　can　be　created　by

using　the　Morphing　technology．　The　Morphing　technology　can　increase

the　kind　of　the　face　cognitive　model　which　can　be　investigated　in　the　face

cognitive　model　acquisition．

　Moreover，　the　face　composition　technology　is　also　usefu1　for　the　face

cognitive　model　acquisition　in　addition　to　the　image　processing　technol－

ogy．　lt　is　possible　to　compose　the　true－to－life　face　by　the　development　of

various　methods　in　the　computer　graphics　and　animation　technologies．

The　face　cognitive　model　acquisition　can　be　also　performed　by　using　the

face　which　is　composed　by　using　the　computer　graphics　and　animation

technologies．　ln　the・face　cognitive　model　acquisition　using　the　face　com－

position　technology，　it　is　easier　to　adj　ust　or　change　the　composed　face

than　the　facial　image　based　on　the　image　processing　because　the　com－

posed　face　is　created　on　the　basis　of　the　numerical　data　on　the　computer．

Furthermore，　the　face　image　sequence　can　be　created　by　using　this　face

composition　technology．　Thus，　the　face　composition　technology　is　effec－

tive　for　the　face　cognitive　model　acquisition　for　the　face　which　does　not

actually　exist　and　the　facial　expressions．

As　mentioned　above，　the　development　of　the　image　processing　and　face

composition　technologies　is　significant　for　the　research　on　the　face　cog－

nitive　model　acquisition　because　it　is　possible　to　operate　quantitatively

the　face　stimuli．　That　is，　the　relation　between　the　features　in　the　facial

lmage　and　the　psychological　behavior　can　be　quantitatively　investigated

by　using　the　facial　image　or　the　composed　face　stimuli　and　operating

directly　them．　Therefore，　the　development　of　image　processing　and　face

composition　technologies　yield　the　paradigm　shift　in　the　face　cognitive
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model　acquisition．　ln　next　subsection，　the　computer－based　face　cognitive

model　acquisition　method　using　facial　image　stimuli　which　can　adapt　to

various　face　cognitive　models　is　introduced．

1．5．2　Face　Cognitive　Model　Acquisition　based　on　Facial　lmage

　　　　　　Database　Retrieval　Task　Method

In　the　conventional　information　retrieval，　sentence　or　word　data　have

been　frequently　used　as　the　retrieval　target．　However，　the　diversification

of　information　has　brought　with　it　the　problem　that　it　is　necessary　to

treat　image　data　as　the　retrieval　target．　So　far，　in　the　image　retrieval，

the　image　retrieval　method　based　on　the　verbal　keywords　has　been　often

employed．　ln　this　method，　the　database　manager　attaches　the　verbal

labels　to　the　image　data　which　are　stored　in　the　image　database．　The

user　inputs　verbal　keywords　when　the　image　retrieval　is　performed．　The

matching　processing　between　the　keywords　inputted　by　the　user　and　the

labels　which　are　attached　to　the　image　data　is　performed．　The　image

data　having　the　labels　which　are　similar　to　the　inputted　keywords　are

retrieved．　ln　this　method，　it　is　diMcult　to　retrieve　the　image　data　which

are　suitable　for　each　user’s　subjectivity　because　the　database　manager

attaches　the　labels　on　the　basis　of　his／her　subjectivity．　That　is，　it　is

diMcult　to　adapt　to　each　user’s　subjectivity　because　the　labels　which　are

attached　to　the　image　data　reflect　the　database　manager’s　subjectivity．

　To　solve　this　problem，　recently，　the　image　retrieval　method　based　on

the　contents　of　image　data　has　been　proposed　［75］［76］．　ln　this　method，

the　image　data　are　retrieved　based　on　the　raw　information　such　as　pixel

values．　Therefore，　the　user　can　perform　the　image　retrieval　which　reflects

his／her　subjectivi七y　because　the　other　person’s　subjectivity　is　not　consid＿

ered　in　the　image　data．　The　retrieval　method　based　on　the　contents　of

image　data　is　often　employed　in　the　recent　image　retrieval　because　this

method　can　adapt　to　each　person’s　subj　ectivity　and　implement　flexible

image　retrieval．　ln　this　image　retrieval　method，　the　target　image　datum

ls　needed　when　the　image　re七rieval　is　s七ar七ed　because　the　image　data　are

retrieved　on　the　basis　of　the　raw　information　which　image　data　have．

Therefore，　it　is　difllicult　to　treat　the　ambiguous　target　in　the　user’s　mind

as　the　retrieval　target．　However，　it　is　obvious　that　there　is　the　case　where

the　ambiguous　target　in　the　user’s　mind　such　as　the　impression　has　to

be　treated　as　the　retrieval　target．　Thus，　the　image　retrieval　also　must　be

able　to　adapt　to　such　retrieval　target．

Oda　proposed　the　image　retrieval　method　which　can　perform　the　re一
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trieval　in　the　case　where　the　retrieval　target　is　subjective　and　ambiguous

［77］［78］［79］．　ln　the　proposed　method，　the　facial　images　are　employed　as

the　retrieval　obj　ect．　The　facial　image　is　subj　ective　and　ambiguous　re一一

trieval　target．　The　impression　received　from　face　is　different　on　each

person．　Moreover，　it　is　diMcult　to　represent　face　by　verbal　keywords　and

perform　the　drawing．　However，　the　user　can　judge　whether　the　facial　im－

ages　which　are　presented　to　him／her　are　suitable　for　own　retrieval　target

or　not．　Therefore，　in　this　method，　the　image　retrieval　is　performed　on

the　basis　of　the　user’s　j　udgment　for　the　facial　images　and　the　interaction

between　the　user　and　the　computer．　The　retrieval　process　in　this　method

is　shown　in　Figure　1．6．　As　shown　in　Figure　1．6，　at　first，　some　facial　im－

ages　which　are　randomly　chosen　from　facial　image　database　are　presented

to　the　user．　The　user　selects　the　facial　images　which　are　suitable　for　the

retrieval　target　in　the　presented　facial　images．　The　contents－based　facial

image　retrieval　is　performed　on　the　basis　of　the　selected　facial　images

by　the　user．　That　is，　new　facial　images　are　retrieved　from　facial　image

database　by　using　the　raw　information　such　as　pixel　values　in　the　facial

images　selected　by　the　user．　The　user　concretes　the　retrieval　target　which

was　ambiguous　in　the　initial　retrieval　step　through　the　interaction，　and

retrieves　the　satisfying　facial　images　for　the　retrieval　target．　Addition－

ally，　in　this　method，　the　image　retrieval　based　on　the　contents　of　facial

images　is　p　erformed　by　using　average　face．　The　average　values　are　cal－

culated　from　raw　information　which　the　user－selected　facial　images　have，

and　then　the　average　face　is　created　by　combining　these　average　values．

The　facial　images　are　retrieved　from　the　facial　image　database　on　the

basis　of　this　average　face．　Recently，　this　interactive　contents－based　image

retrieval　method　is　often　used　in　the　image　retrieval　because　the　user　can

retrieve　subjective　and　ambiguous　images．　Furthermore，　the　retrieval

method　in　which　other　algorithm　instead　of　the　method　based　on　the

average　face　is　employed　has　been　proposed　［80］．

This　retrieval　method　has　the　advantage　which　can　retrieve　subjective

and　ambiguous　retrieval　target　in　mind．　In　this　type　of　image　retrieval，

the　user　selects　the　facial　image　in　accordance　with　the　evaluation　crite－

rion　for　the　retrieval　target．　Therefore，　it　is　clear　that　the　user　selects　the

facial　images　on　the　basis　of　the　face　cognitive　structure　for　the　retrieval

target．　Namely，　the　face　cognitive　model　of　the　user　can　be　acquired

by　investigating　the　information　which　the　selected　facial　images　have．

Oda　et　al．　proposed　the　facial　image　database　retrieval　task　method　for

the　face　cognitive　model　acquisition　by　utilizing　this　feature．　ln　the　face
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Figure　1．6：　Retrieval　process　for　the　ambiguous　retrieval　target

cognitive　model　acquisition　based　on　this　method，　various　kinds　of　face

cognitive　model　can　be　easily　acquired　because　the　user　only　selects　the

facial　images　which　are　suitable　for　the　retrieval　t　arget．　Oda　et　al．　inves－

tigated　some　face　cognitive　models　of　human　by　utilizing　the　facial　image

da七abase　retrieval　task　method．　As丘rst　step，　Oda　et　a1．　perfbrmed　the

face　cognitive　model　acquisition　using　line－draw　facial　image　in　order　to

simplify　the　evaluation　of　performance　of　the　proposed　method　and　the

go4struction　of　facial　image　database．　ln　the　literatures　of　［81］，　［82］　and

［83］，　the　face　cognitive　models　for　the　favorite　face　and　simi’lar一　fdce’were

investigated．　The　face　cognitive　model　acquisitions　of　human　for　favorite．

distas七e制，　gentle　and　fierce　face　were　attempted　in　the　literature［84］．

The　face　cognitive　model　for　the　forbidding　face　was　investigated　in’@the

literature　［85］．　Moreover，　Oda　et　al．　performed　the　face　cognitive　model

acquisition　using　the　photographic　facial　images　［86］．　On　the　other　hand，

the　cognitive　model　acquisition　for　the　diagram　was　also　performed　on

the　basis　of　this　method　［87］．

As　mentioned　above，　the　facial　image　database　retrieval　task　method　is

effective　method　for　the　face　cognitive　model　acquisition．　Moreover，　var－

ious　face　cognitive　models　can　be　easily　acquired　by　using　this　method．

Recently，　the　face　cognitive　acquisition　using　the　image　processing　tech－

nology　and　the　facial　image　database　task　method　has　often　been　carried

out．
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1．6 Mahalanobis－Taguchi　System

This　section　is　concerned　with　the　Mahalanobis－Taguchi　System　（MTS）

which　is　one　of　basic　techniques　for　the　face　recognition　methods　proposed

in　this　dissertation．　ln　the　beginning，　the　pattern　recognition　method

based　on　the　MTS　is　explicated．　Following　this　description，　the　opti－

mization　method　of　attribute　in　the　MTS　is　described．　Finally，　the　detail

of　the　Mahalanobis－Taguchi－Gram－Schmidt　（MTGS）　which　is　an　extend－

ed　method　of　the　MTS　is　explained．

1．6．1　Eramework　of　MTS

Human　can　acquire　excellent　obj　ect　recognition　ability．　lt　is　clear　that

an　effective　object　recognition　system　can　be　constructed　if　object　recog－

nition　ability　acquired　by　a　human　can　be　reflected　to　the　recognition　on

computer．

　How　does　human　acquire　an　excellent　object　recognition　ability？　As

shown　in　Figure　1．7，　when　a　new　obj　ect　is　given，　a　human　recognizes

an　object　on　the　basis　of　all　kinds　of　information　which　can　be　obtained

from　it．　This　information　includes　characters　such　as　shape，　color，　and

so　on．　Human　accumulates　the　recognition　experience　for　the　object，

and　gradually　acquires　sensuous　knowledge　of　the　effective　recognition

for　the　object．　This　sensuous　knowledge　indicates　the　kinds　of　character

which　are　effective　for　the　recognition，　border　value，　relationship　among

the　characters　and　so　on．　Therefbre，　an　effective　recogni七ion　sys七em　can

be　implemented　if　this　sensuous　knowledge　which　is　acquired　from　the

experience　can　be　reflected　to　the　recognition　on　computer．　However，　it

is　considerably　diflicult　to　represent　the　sensuous　knowledge　which　human

has　as　rules　or　numerical　values．

The　MTS　has　been　proposed　by　Taguchi　in　order　to　implement　a　pat－

tern　recognition　which　can　reflect　human　sensuous　knowledge　for　obj　ect

recognition　［88］［89］［90］［91］．　ln　the　MTS，　a　hUman’s　sensuous　knowledge

for　the　obj　ect　recognition　is　acquired　by　modeling　the　sensuous　knowledge

acquisition　process　in　obj　ect　recognition．　Moreover，　in　this　modeling，　the

human　object　recognition　and　the　pat七ern　recogni七ion　by　computer　are

combined．　Therefore，　the　MTS　has　the　following　three　features．　First，　a

set　of　training　data　for　the　recognition　is　collected　by　a　human．　A　set　of

training　data　consists　of　the　objects　which　are　considered　to　be　correct　as

the　recognition　target．　ln　addition，　this　collection　is　performed　by　evalu－

ating　the　obj　ect　itself．　That　is，　a　human　does　not　evaluate　the　attributes
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Figrure　1．7：　lmage　of　sensuous　recognition　ability　acquisition　process

which　are　extracted　from　the　object．　Secondly，　the　correlations　among

the　attributes　are　automatically　extracted　from　the　collected　training　da－

ta，　and　then　the　recognition　based　on　these　correlations　is　performed．

Finally，　the　effective　attributes　for　the　recognition　can　be　re－extracted

by　using　recognition　result．　Namely，　the　optimization　of　attribute　can

be　carried　out．　From　these　features，　recently，　the　MTS　has　been　applied

to　various　problems．　Especially，　the　applications　for　sensuous　defects　in－

spection　in　the　industrial　products　are　developed．　Some　applications　and

related　works　using　the　MTS　are　described　below．

　As　applications　for　industrial　products，　a　defects　detection　system　in

circuit　pattern　［92］［93］，　an　infrared　absorption　spectrum　analysis　system

for　quality　control　of　materia　medica　［94］，　a　decision　system　of　positions

and　kinds　of　sensors　in　fire　alarm　system　［95］　［96］　，　a　sensing　system　for　pre－

vention　of　driving　accidents　［97］，　a　recognition　system　for　false　banknote

［98］，　a　fault　diagnosis　system　for　sensors　in　future　spacecraft　［99］［100］　［101］，

a　printed　letter　inspection　system　［102］［103］，　a　defects　detection　system

of　clutch　disk　［104］　and　so　on　have　been　proposed．

Moreover，　some　applications　have　been　proposed　to　analyze　multi－

dimensional　information．　Suzuki　et　al．　utilized　the　MTS　to　analyze

the　relationship　between　the　programmer’s　programming　ability　and　the
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questionnaire　result　［105］．　Shibano　analyzed　corporate　condition　in　man－

agement　by　using　the　MTS　［106］．　ln　addition，　he　attempted　to　predict

the　business　achievement　in　next　year　by　using　the　MTS．　As　other　case

studies？　thLe　researches　such　as　an　analysis　of　medical　treatment　for　pa－

tients　［107］，　an　analysis　of　wearing　comfort　of　clothes　［108］，　an　analYsis

of　health　examination　results　［109］［110］　and　so　on　have　been　performed．

Some　prognostication　systems　based　on　the　MTS　have　been　developed．

Tanaka　et　al．　proposed　a　prevalence　prediction　system　for　infectious

diseases　［111］．　Taguchi　proposed　applications　of　the　MTS　to　weather

forecasting　and　earthquake　prediction　［112］［113］［114］．　Nakaj　ima　proposed

a　system　which　predicts　future　health　from　existing　health　examination

results　［115］．

The　applications　of　the　MTS　to　the　information　science　have　been　also

started．　ln　this　field，　the　MTS　has　been　applied　to　a　handwritten　word

recognition　［116］［117］，　a　voice　recognition　［118］，　an　image　classification

［119］　and　so　on．

　On　the　other　hand，　some　proposals　have　been　made　in　order　to　improve

the　performance　of　the　MTS　［120］［121］［122］．

Iexplain　the　detail　of　pattern　recognition　based　on七he　MTS　in　the

following　subsection．

1．6．2Pattern　Recognition　based　on　MTS

In　the　MTS，　the　pa七七ern　recognition　based　on　the　Mahalanobis　space

and　the　Mahalanobis　distance　is　perfbrmed．　The　pa七tern　recognition

based　on　the　MTS　is　illustrated　in　Figure　1．8．　The　Mahalanobis　space

is　a　space　which　can　consider　the　correla七ions　among七he　attributes　in

multi－dimensional　data．　This　Mahalanobis　space　is　constructed　from　a

set　of　multi－dimensional　training　da七a．　The　Mahalanobis　distance　is　one－

dimensional　evaluation　criterion　which　is　calculated　in　the　Mahalanobis

space．　Strictly　speaking，　i七indicates　the　distance　between　the　origin

of　the　Mahalanobis　space　and　an　unknown　datum．　The　MTS　judges

whether七he　unknown　datum　belongs七〇the　Mahalanobis　space　or　not，
　

1n　accordance　with　the　Mahalanobis　distance．　The　threshold　fbr　this

judgment　is　decided　by　a　human　as　the　high　recognition　performance　can

be・btained・The　rec・gniti・n　based・n　a　human　sensu・us　kn・wledge　is

implemented　by　combining　this　pattern　recognition　and　some　operations．

The　rec・gni七i・n　pr・cess　which　is　fr・m　the　c・11ecti・n・f　training　da七a　t。

the　decision　of　threshold　is　as　follows．
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Figure　1．8：　Pattern　recognition　based　on　the　MTS

1．　Collection　of　training　data

2．　Extraction　of　attribute

3．　Construction　of　Mahalanobis　space

4．　Calculation　of　Mahalanobis　distance　to　unknown　datum

5．　Decision　of　threshold

Basically，　the　MTS　is　a　pattern　recognitio：n　method七〇divide　data　in七〇

two　kinds，　namely　normal　data　and　abnormal　data．　The　normal　data

indicate　the　correct　data　as　the　recognition　target，　and　the　abnormal　da－

ta　mean　other　data　except　normal　data．　For　instance，　in　the　case　where

aparticular　person，s　face　is　identi丘ed，　the　faces　of　a　particular　person

are　normal　data　and　all　faces　of　other　persons　are　abnormal　data．　As

kn・wn　fr・m七his　example，　it　is　likely　that　the　n・rmal　data　have　h・m・ge－

neous　distribution　on　the　attribute　space．　On　the　other　hand，　it　is　likely

that　the　abnormal　data　have　unknown　distribution．　In　this　case，　we　can

say　with　fair　cer七ainty　that　the　recognition　of　the　normal　data　is　easier

than　the　recognition　of　the　abnormal　data　because　there　are　too　many

kinds　of　abnormal　data・Thus，　the　MTS　implements　dicho七〇my　of　da七a

by　rec・gnizing　the　n・rmal　data　c・rrec七ly　and　regarding　the　data　except

the　n・rmal　da七a　as　the　abn・rmal　data　rather　than　rec・gnizing　b・th。f

normal　data　and　abnormal　data．　Furthermore，　the　concept　of　this　recog一
　の　　　り

111tlon　is　similar　to　the　human　recognition．　That　is，　humans　do　the　object

recognition　by　judging　whether　the　object　is　correct　as　the　recognition
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target　or　not，　in　the　case　where　there　are　too　many　other　objects　for

the　comparison．　Hence，　in　the　MTS，　a　Mahalanobis　space　is　constructed

from　only　normal　data．　ln　this　Mahalanobis　space，　the　Mahalanobis　dis－

tances　to　unknown　data　are　calculated，　and　the　MTS　judges　whether　the

unknown　data　belong　to　the　Mahalanobis　space　or　not，　on　the　basis　of

the　Mahalanobis　distance．　The　unknown　datum　is　regarded　as　a　normal

datum　in　the　case　where　the　unknown　datum　is　j　udged　to　belong　to　the

Mahalanobis　space，　and　it　is　regarded　as　an　abnormal　datum　in　other

cases．　There　are　many　theories　and　methods　for　pattern　recognition．　ln

the　recognition　based　on　the　neural　network　or　the　discriminant　analy－

sis，　the　recognition　is　implemented　by　using　both　kinds　of　data　as　the

training　data．　The　MTS　has　prominent　feature　that　a　recognition　space

is　constructed　only　by　normal　data．

　Consequently，　as　a　first　step，　a　set　of　normal　data　is　collected　as　training

data．　These　normal　data　are　decided　by　a　human　sensuous　j　udgment

in　order　to　implement　a　pattern　recognition　which　can　reflect　human

sensuous　knowledge．

　The　attributes　are　extracted　from　these　collected　training　data．　lt　is

suggested　that　all　kinds　of　attribute　which　can　be　extracted　from　the

object　are　used　for　the　recognition　in　the　MTS．　For　example，　as　the

attributes　for　recognition　of　image　datum，　the　value　on　each　pixel　can　be

taken．　However，　in　the　case　where　the　size　of　image　is　large，　too　many

attributes　are　extracted．

　In　the　case　of　image　and　wave　form，　Taguchi　has　proposed　the　attributes

based　on　differential　characteristic　and　integral　characteristic．　The　dif－

ferential　characteristic　indicates　the　changes　of　element　in　image　or　wave

form，　similar　to　the　concept　of　frequency．　The　integral　characteristic　in－

dicates　the　distance　of　element　in　image　or　wave　form．　The　extraction

method　of　the　attributes　based　on　these　characteristics　is　illustrated　in

Figure　1．9．　As　shown　in　Figure　1．9，　in　the　differential　characteristic，　some

lines　are　drawn　on　image　or　wave　form．　The　attribute　based　on　the　dif－

ferential　characteristic　indicates　the　number　of　the　points　that　each　line

intersects　the　pixel　or　wave　form．　In七he　integral　characteristic，　some　lines

and　center　line　are　drawn．　This　center　line　means　the　line　which　halves

the　image　or　wave　form．　The　Euclidean　distances　between　the　center　line

and　the　intersecting　points　on　each　line　are　calculated．　On　each　line，　the

sum　of　Euclidean　distances　is　taken　as　the　attribute　based　on　the　integral

characteris七ic・It　is　repor七ed　that　the　effective　pattern　recognition　can　be

performed　by　using七he　attributes　based　on　these　differential　and　integra1
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Figur．e　1．9：　Extraction　method　of　the　attribute　based　on　differential　and　integral　charac－

teristics

characteristics　［102］［103］［104］．　Moreover，　the　number　of　attributes　can　be

changed　to　an　arbitrary　number　by　using　the　attributes　based　on　these

characteristics．

After　the　extraction　of　attributes，　the　Mahalanobis　space　is　constructed

from　the　extracted　attributes．　The　Mahalanobis　space　is　constructed　by

the　following　process．

1．　Normalization　of　a　set　of　training　data：　k　denotes　the　”dimen－

　　sion”　of　the　datum　（i．e．，　the　number　of　attributes），　and　n　denotes　the

　　number　of　data　in　the　set．　The　set　of　training　data　is　transformed

byJ　th．e　average　m」　and　the　standard　deviation　i」，　and　then　Xi，」　i’s

　　calculated．　This　operation　is　called　normalization，　and　the　result’ant

　　Xi，」　is　called　the　normalized　data．

　　　　＿Ci，ゴーmゴ
Xi，ゴー　　　　　　　　　　　　　　　（i　＝　1，…，n；　2’　一一一一’　1，…，k）

　　　　　　　　　δゴ
（1．8）

2．　Calculation　of　a　correlation　matrix：　The　following　correlation

　　matrix　R　is　calculated　from　a，　set　of　the　normalized　training　data．

52

諾
5

守薩

… 　　懸難　薦　　

awwaptw．teaywwwwg，



R＝

1　rl，2　…　rl，k

r2，1　1　…　r2，k

7’求C1　Tk，2　…　1

（1．9）

where
　　　　　’

　　　　　ln

鞠＝ O門濁凶ゴ（i，ゴ＝1，…，k） （1．10）

3．　Calculation　of　an　inverse　matrix：　Using　the　correlation　matrix

　　R，　its　inverse　matrix，　denoted　by　A，　is　calculated．　This　inverse

　　matrix　is　the　Mahalanobis　space．

A＝R一一i．，

al，1

a2，1

ak，1

al，2　’”　al，k

a2，2　’”　a2，k

ak，2　’”　ak，k

（1．11）

The　Mahalanobis　distance　is　calculated　by　using　this　inverse　matrix．

T．he　datgm　p　to　be　recognized　is　normalized　by　using　the　average　m」　and

the　standard　deviation　6」　of　Equation　（1．8）　to　obtain　Z．　The　Mahalahobis

distance，　denoted　by　D2，　is　calculated　as

Y＝　｛Zi，　Z2，’”，　Zk｝ （1．12）

　　　　　zTAZ
D2　．，

k
（1．13）

The　Mahalanobis　distance　theoretically　takes　from　zero　to　infinity．

When　an　unknown　datum　is　very　similar　to　the　normal　data　patterh，

the　．Mahalanobis　distance　takes　a　value　close　to　1．　When　the　u’堰@knowri

gatum　differs　from　the　normal　data　pattern，　its　value　rapidly　increases．

Final　recognition　result　is　decided　by　using　this　Mahalanobis’ @distance．
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　　Generally，　the　probability　of　a　datum　being　similar　to　the　normal　data

pattern　is　very　small　if　this　value　exceeds　4．　However，　it　is　recommended

that　the　threshold　is　properly　decided　by　a　human　in　accordance　with　the

purpose．　For　instance，　in　the　case　of　defects　inspection，　the　economic　loss

is　large　when　the　products　having　defects　are　recognized　as　the　normal

products　which　do　not　have　defects．　Therefore，　it　is　desirable　that　the

threshold　to　recognize　unknown　data　is　changed　o’n　each　application．

The　pattern　recognition　can　be　implemented　by　above　operations．　Fur－

thermore，　in　the　MTS，　the　optimization　of　attribute　is　provided　in　order

to　model　t．he　re－extraction　of　effective　characters　in　human　recognition

process．　The　detail　of　this　optimization　method　is　described　beloW．

1．6．3　Optimization　of　Attribute

In　tbe　MTS，　the　attributes　that　do　not　contribute　to　the　recognition

can　be　screened　out　by　performing　the　optimization　of　attribute：　Fun－

daps，一e－nt．ally，　this．　optimization　is　performed　by　using　abnormal　data，　Sig－

nal／Noise　ratio　　　　　　　　　　　　　（SN　ratio），　orthogonal　array　and　factorial　effect．　Howeve’r，

there　is　a　case　where　the　normal　data　is　used　instead　of　abnormal　datd

in　accordance　with　the　SN　ratio　which　is　employed　in　the　optimization．

This　optimization　process　is　as　follows．

1．　Collection　of　abnormal　data：　ln　the　optimization　process　of

　　the　MTS，　abnormal　data　that　do　not　belong　to　the　Mahalanobis

　　space　of　the　oP七imization　targe七are　needed　because　the　aim　of　this

　　optimization　is　to　search　the　combination　of　attributes　which　can

　　increase　the　Mahalanobis　distances　of　abnormal　data　to　decrease

　　erroneous　recognition　of　abnormal　data．　Therefore，　the　Mahalanobis

　　distances　between　the　Mahalanobis　space　which　is　the　optimization

　　target　and　the　abnormal　data　are　utilized　in　this　optimization　as　the

　　evaluation　criterion　for　the　Mahalanobis　space．

2．　Construction　of　Mahalanobis　space　using　attributes　based

　　on　orthogonal　array：　The　Mahalanobis　space　is　constructed　from

the　attributes　that　correspond　to　the　combinations　in　the　orthogonal

　　array．　The　orthogonal　array　is　a　matrix　consisting　of　the　combina－

　　tions　of　attributes　which　is　produced　to　reduce　the　experimen七times

　　effectively．　There　are　Ls，　L　i6，　L32，　L64，　L　i2s　and　so　on．　The　ade－

　　quate　orthogonal　array　is　employed　in　accordance　wi七h　the　number

　　of　attributes　which　are　used　before　the　optimization．　That　is，　the　or－

　　thogonal　array　Li2s　is　used　for　120　attributes．　Figure　1．10　shows　the
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Figure　1．10：　Orthogonal　array　Li2s　and　SN　ratio

Li2s．orthogonal　array．　ln　the　orthogonal　array，　Level　1　（1　in　Figure

1．lo）　indicates　that　its　attribute　is　used　for　constructihg　the　Ma－

h．alanobis　space．　On　the　contrary，　Level　2　（2　in　Figure　1．10）　shows

that　its　attribute　is　not　used　for　constructing　the　Mahalanobis　space．

Thus，　in　the　Li2s，　one　hundred　twenty－eight　Mahalanobis　spaces　are

constructed　for　the　optimization．

3．　Calculation　of　SN　ratio：　First，　the　Mahalanobis　distances　be

　　tween　the　abnormal　data　and　the　Mahalanobis　space　which　is　con－

　　structed　from　the　attributes　based　on　the　orthogonal　array　are　cal－

　　culated．　The　SN　ratio　is　computed　by　using　these　Mahalanobis　dis－

　　tances．　The　SN　ratio　is　one－dimensional　evaluation　criterion　for　a

　　set　of　the　Mahalanobis　distances．　There　are　three　types　in　the　SN

　　ratio．　The　type　of　SN　ratio　which　is　employed　for　the　optimization　is

　　changed　in　accordance　with　the　purpose．　The　detail　and　calculation

　　method　of　each　type　of　SN　ratio　are　as　follows．

（a）　Larger－the－better　type：　The　larger－the－better　type　is　em－

　　　ployed　to　increase　the　Mahalanobis　distances　between　the　Ma一
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halanobis　space　which　is　the　optimization　target　and　abnormal

data．　Since　the　SN　ratio　is　an　evaluation　criterion　which　can

consider　the　distribution　of　the　Mahalanobis　distances，　the　in－

crease　of　the　SN　ratio　in　this　type　means　that　the　Mahalanobis

distances　between　the　abnormal　data　and　the　Mahalanobis　s－

pace　become　large　on　the　average．　lt　is　possible　to　increase　the

degree　of　the　separation　between　the　target　Mahalanobis　space

and一　abnormal　data　by　using　this　SN　rat，io，　so　that　it　is　possible

to　decrease　the　possibility　that　the　errorieous　recognition　of　ab－

normal　data　occurs．　The　SN　ratio　in　the　larger－the－better　type

is　calculated　by　the　following　formula．

η・＝一・・1・gi（毒＋毒＋…＋毒）
（1．14）

where，

op　：　SN　ratio　（db）

d　：　The　number　of　abnormal　data

（b）　Smaller－the－better　type：　The　smaller－the－better　type　is

　　　used　for　the　opposite　purpose　with　the　larger－the－better　type．

　　　This　type　is　used　in　the　purpose　to　decrease　the　separation　be－

　　　tween　the　Mahalanobis　space　and　the　data．　Therefore，　the　nor－

　　　mal　data　have　to　be　employed　for　the　optimization．　Namely，　this

　　　type　is　utilized　when　the　optimization　is　performed　to　construct

　　　the　Mahalanobis　space　which　can　ensure　that　the　normal　data

　　　can　be　recognized　correctly．　The　SN　ratio　in　the　smaller－the－

　　　better　type　is　calculated　by　the　following　formula．

n　＝＝　一101Qgi（D？　＋　Dg　＋　・　・　・　＋　D3）

（1．15）

（c）　Approximation　type：　The　approximation　type　is　used　in　the

　　　case　where　there　is　a　particular　target　value　of　the　Mahalanobis

　　　distance　in　abnormal　datum．　The　calculation　of　this　SN　ratio　is

　　　carried　out　by　the　following　formulas．

ST　＝D？＋D3＋…＋D3 （1．16）
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S，　＝ST　一一一　S． （1．18）

　　　　　　1

Ve＝　　　　　　　　　Se
　　　　d－1

（1．19）

　　　　e（s．　一　v，）

n＝ （1．20）

In　this　type，　the　SN　ratio　will　be　large　in　the　case　where　the

distribution　of　the　Mahalanobis　distances　of　abnormal　data　is　s－

mall．　Thus，　the　Mahalanobis　distances　become　close　to　a　partic－

ular　target　value　by　changing　the　combination　of　the　attributes

which　are　used　for　the　recognition．

4．　Calculation　of　factorial　effect：　The　factorial　effect　of　each　at－

　　tribute　is　calculated　on　the　basis　of　SN　ratio．　The　total　of　the　SN

　　ratios　of　Level　1　and　Level　2　is　computed　on　each　attribute．　The　fac－

　　torial　effect　of　each　attribute　is　calculated　by　subtracting　the　average

　　SN　ratio　of　Level　2　from　the　average　S　N　ratio　of　Level　1．

5．　Decision　of　attributes　used　for　the　recognition：　The　at－

　　tributes　which　have　a　large　positive　factorial　effect　are七he　attribu七es

　　that　significantly　contribute　to　the　recognition．　lt　is　generally　es－

　　tablished　that　attributes　having　the　factorial　effect　of　over　3　db　are

　　effective　for　the　recognition．　On　the　contrary，　the　attributes　which

　　have　a　negative　factorial　effect　are　the　attributes　that　include　a　large

　　amount　of　noise　and　reduce　the　performance　of　the　recognition．　Hu－

　　man　selects　the　attributes　used　for　the　recognition　on　the　basis　of

　　these　factorial　effects．　After　the　selection　of　attributes，　the　Maha－

　　lanobis　space　is　constructed　from　the　selected　attributes．　The　at－

　　tributes　used　for　the　recognition　are　finally　decided　by　confirming

　　the　performance　of　the　constructed　Mahalanobis　space．

As　described　above，　in　the　MTS，　the　sensuous　recognition　which　hu－

man　can　perform　is　implemented　by　combining　three　factors；　i．e．，　the
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pattern　recognition　based　on　the　Mahalanobis　space　and　distance，　the

optimization　of　attributes　using　SN　ratio　and　the　operation　by　a　hu－

man．　lt　is　likely　that　although　the　introduction　of　human　operation　into

the　system　is　effective，　the　system　performance　depends　on　the　human

rgcognition．ability　and　the　human　load　is　large．　To　solve　these　problems，

tJhe　re－s－ea一．rch　has　been　carried　out　on　the　improvement　of　the　utility　in

the　MTS．　Nakatsugawa　et　al．　proposed　a　threshold　decision　algoriihm

which　is　based　on　the　distribution　of　normal　data　in　order　to　imPlement

p　tbre．shold．decision　which　does　not　depend　on　the　application　［123］．　lt

is　obvious　that　the　performance　and　utility　in　the　MTS　will　be　inipr6ved

by　such　study　in　the　future．

1．6．4　Mahalanobis－Taguchi－Gram－Schmidt

In　previous　subsection，　the　recognition　method　and　the　optimization

method　in　the　MTS　were　described．　As　described　above，　the　calcula－

tion　of　an　inverse　matrix　is　required　for　the　construction　of　a　Maha－

lanobis　space．　Moreover，　the　construction　of　many　Mahalanobis　spaces

is　performed　in　the　optimization　of　attribute．　The　calculation　of　inverse

matrix　is　time　consuming，　and　its　computational　cost　is　high．　ln　addi－

tion，　there　is　the　case　where　the　inverse　matrix　can　not　be　calculated．

That　is，　the　Mahalanobis　space　can　not　be　constructed．　Recently，　the

Mahalanobis－Taguchi－Gram－Schmidt　（MTGS）　has　been　proposed　to　re－

duce　the　computational　cost　and　to　avoid　the　inability　to　construct　an

｝ylahqlanobis　space　［124］［125］．　The　MTGS　is　implemented　by　introducing

the　Gram－Schmidt　orthogonalization　process　into　the　construction　of　th5

Mahalanpbis　space　and　the　calculation　of　Mahalanobis　distance．　More－

over，　in　the　MTGS，　the　optimization　of　attribute　and　the　recognition　can

be　simultaneously　carried　out．　The　recognition　method　of　the　MTGS　is

as　follows．

　k　denotes　the　number　of　attributes，　and　n　denotes　the　number　of　train－

ing　data　in　the　set．　The　set　of　training　data　is　normalized　by　the　average

mj　and　the　standard　deviation　6」，　and　then　Xi，」　i　s　calculated．

瓦4一 ﾌmブ（¢一・，…，n；ゴー・，…，k） （1．21）

Here，　the　variables　q“・　i’s　prepared　instead　of　Xi，」．　Moreover，　the　at－

tributes　are　arranged　in　the　order　which　is　considered　to　be　effective　for

the　recognition　by　a　human．　The　attribute　which　is　considered　to　be　most
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　　　　　　　　　effective　for　the　recognition　is　treated　as　Xi，i．　After　this　arrangement，

　　　　　　　　　ci“・　i’s　calculat　ed　as　follows．

　　　　　　　　　　　　　　　Ci，1　＝　Xi，1

　　　　　　　　　　　　　　　Ci，2　＝＝　Xi，2　一一一　r2，ICi，1

　　　　　　　　　　　　　　　Ct・，3　＝　Xi，3　一一　r3，ICi，1　一一　r3，2Ci，2　（1．22）

　　　　　　　　　　　　　　　Ci，k　＝　Xi，k　一一　rk，lq，1　一　rk，2Ci，2　一一一　’・・　一一　rk，k－ICi，k－1

　　　　　　　　　　where，

　　　　　　　　　　　　　　　　　　　1　．n

　　　　　　　　　　　　　Tザ暢呂鞭4　　　　　　　（・・23）

　　　　　　　　　　　　　　　Yl：1灘鋤：囎2）　（L24）

　　　　　　　　　　　　　　　Vk　＝　：　｝i：．ki］，　（c？，，　＋　c3，，　＋　・・　・　＋　cZ，，）

　　　　　　　　　　The　Mahalanobis　distance　is　calculated　by　using　Vi　and　ri，」．　First，　the

　　　　　　　　　datupe　z．　tp　be　recognized　is　normalized　by　using　the　averagd’　m」　and　the

　　　　　　　　　standard　deviation　62・　of　Equation　（1．21）　to　obtain　Z．

　　　　　　　　　　　　　Z＝　｛Zi，　Z2，　Z3，…，　Zk｝　（1．25）

　　　　　　　　　　The　variable　ei　is　prepared，　and　the　ei　is　calculated　on　the　basis　of　Z．

　　　　　　　　　　　　　　el　＝　Zl

　　　　　　　　　　　　　　e2　＝：　Z2　’一　r2，lel

　　　　　　　　　　　　　　e3　＝　Z3－r3，lel－r3，2e2　（1．26）

　　　　　　　　　　　　　　ek　＝　Zk　一rk，lel　一’　rh，2e2　’一　’”　一k　rk，k－lek一一1

　　　　　　　　　　yi　i’s　computed　by　using　ei　and　Vi　of　the　formula　（1．24）．

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　59
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The　calculation　of　the　Mahalanobis　distance　and　the　optimization　can

be　simultaneously　performed　because　the　Mahalanobis　distance　of　the

datum　can　be　calculated　by　using　the　arbitrary　number　of　attributes

withQut　the　reconstruction　of　the　Mahalanobis　space．　ln　the　MTGS，　the

optimization　of　attribute　is　also　performed　by　using　the　SN　ratio．　ln

the　optimization　of　the　MTGS，　the　orthogonal　array　and　factorial　effect

are　not　used　because　the　attributes　are　sorted　in　effective　order　for　the

recognition　which　is　decided　by　a　human．

Furthermore，　in　the　MTGS，　the　direction　of　abnormal　data　can　be　de－

cided．　lf　the　Mahalanobis　space　is　constructed　from　the　training　data

which　consists　of　standard　normal　data，　the　excellent　normal　datum　may

take　a　large　Mahalanobis　distance．　Namely，　the　normal　datum　is　regard－

ed　as　an　abnormal　datum．　To　avoid　this　problem，　Rajesh　et　al．　have

proposed　a　method　to　distinguish　excellent　normal　data　from　abnormal

datum　by　using　the　MTGS　［126］．　However，　it　is　hard　to　perform　this

method　in　the　case　where　the　datum　has　many　attributes．　The　further

lmprovement　is　expected．

1．7　lnteractive　Evolutionary　Computing

What　kind　of　impression　do　you　receive　when　you　look　at　a　picture？

Probably，　the　impression　which　you　receive　may　differ　from　the　impres－

sions　which　other　people　receive，　because　each　person　has　subjectivity　or

Kan－sei・However，　in　conventional　system，　i七is　assumed　that　the　eval．

uation　of　person　is　unique．　Namely，　the　subjectivity　or　Kan－sei　is　not

considered　in　the　conventional　system．　Therefore，　in　conventional　sys－

tem，　it　is　difllicult　to　treat　the　problem　such　as　creation　or　design　based

Qn　the　user’s　subjective　preference．

60

露． 灘翻難欝．、1



Recently，　the　paradigm　called　lnteractive　Evolutionary　Computing　（IEC）

has　been　proposed　in　order　to　implement　the　system　which　can　consider

the　subj　ectivity　or　Kan－sei　on　each　person．　This　paradigm　is　employed

on　various　fields　such　as　engineering，　art，　computer　graphics，　education

and　so　on，　and　many　applications　are　developed．　Moreover，　the　improve－

ment　of　the　performance　of　the　IEC　is　carried　out．　The　IEC　becomes

important　technique　in　artificial　intelligence．

In　this　section，　the　framework　and　feature　of　the　IEC　which　is　fun－

damental　technique　for　the　face　recognition　method　in　this　dissertation

are　explained　and　several　applications　using　the　IEC　on　some　fields　are

surveyed．　ln　addition，　some　attempts　to　solve　the　problems　in　the　IEC

are　introduced．

1．7．1　E7amework　and　Feature　of　IEC

Since　the　word　of　”Kan－sei”　came　to　be　used　in　the　engineering　field，

the　research　which　focuses　on　human　is　carried　out．　As　an　example　of

such　research　focusing　on　human，　there　is　the　problem　such　as　creation，

adj　ustment　or　design　which　is　based　on　subjective　preference　on　each

person．　To　deal　with　the　problem，　the　approach　which　constructs　human

mental　model　instead　of　human　is　employed　in　conventional　artificial

intelligence．　However，　it　is　considerably　difficult　to　construct　the　human

mental　model　completely．

　Recen七1y，　a　new　paradigm　has　been　proposed　to　deal　with　this　prob－

lem．　This　paradigm　is　called　the　lnteractive　Evolutionary　Computing

（IEC）　since　this　paradigm　is　implemented　by　combining　the　evolutionary

computing　such　as　the　Genetic　Algorithm　or　the　Genetic　Programming

and　the　interaction　between　human　and　computer．　Especially，　it　is　called

the　Interactive　Gene七ic　Algorithm（IGA）in　the　case　where　the　Genetic

Algorithm　（GA）　is　employed　as　the　evolutionary　computing，　and　it　is

called　the　lnteractive　Genetic　Programming　（IGP）　in　the　case　where　the

Genetic　Programming　（GP）　is　used，　respectively．　The　IEC　is　utilized　on

various　fields　because　the　IEC　has　the　advantage　that　the　user　can　obtain

the　solution　which　reflects　the　subjective　preference　on　each　person　［127］．

The　framework　and　feature　of　the　IEC　are　described　below．

The　user’s　operation　and　the　internal　behavior　in　the　system　based　on

the　IEC　is　shown　in　Figure　1．11．　As　shown　in　Figure　1．11，　at　first，　the

evolutionary　computing　randomly　generates　a　population　which　consists

of　some　individuals，　namely　genotype，　because　there　is　no　information

a．bout　the　user’s　subj　ectivity．　The　individual　consists　of　the　parameters
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Figure　1．11：　User’s　operation　and　internal　behavior　in　the　system　based　on　the　IEC

which　the　image，　sound　and　so　on　have．　Next，　the　individuals　in　this

population　are　decoded．　That　is，　images，　sounds　and　so　on　are　created．

These　created　objects　are　called　candidates．　These　candidates　are　dis－

played　on　the　interface．　The　user　performs　the　evaluation　of　candidates

on　the　interface　in　accordance　with　the　distance　between　the　target　in

his／her　mind　space　and　candidate．　The　evaluation　is　carried　out　by　s－

calar　value．　That　is，　the　user　gives　high　evaluation　value　to　the　candidate

which　is　similar　to　the　target　on　his／her　mind　space．　The　evaluation　value

which　is　given　by　the　user　is　treated　as　the　fitness　value　on　the　evolution－

ary　computing．　The　crossover　operation　and　the　mutation　operation　are

applied　to　a　set　of　individuals　on　the　basis　of　the　fitness　value．　The　candi－

dates　which　are　more　suitable　for　the　user’s　subj　ective　preference　can　be

generated　since　the　genetic　operators　are　applied　to　based　on　the　user’s

subjective　evaluation．　After　the　individuals　are　returned　to　the　popu－

lation，　the　individuals　are　decoded　and　then　they　are　presented　to　the

user．　The　user　evaluates　them　again．　The　user　can　obtain　the　satisfiable

candidates　by　repeating　this　operation．

Although　the　evaluation　is　performed　by　giving　evaluation　value　to　the

candidates　in　the　IEC，　there　is　a　case　where　the　evaluation　is　performed

by　binary　value．　Namely，　it　is　the　evaluation血ethod　that　the　user　se．

lects　the　candidates　only　which　are　suitable　for　own　preference．　ln　this
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case，　the　IEC　is　called　Simulated　Breeding　（SB）　because　the　operation　is

similar　to　the　artificial　breeding．　Moreover，　in　the　SB，　the　generation　of

children，　i．e．，　candidates，　on　next　generation　is　carried　out　by　using　the

user－selected　candidates　only．

In　the　1－EC，　the　user　performs　the　evaluation　based　on　the　similarity

between　the　target　in　his／her　mind　space　and　the　presented　candidateS．

The　position　of　target　and　the　evaluation　measurement　shake　in　the　mind

space．　That　is，　the　user’s　evaluat　ion　involves　noise．　lt　is　difficult　to

treat　such　problem　in　which　the　noise　has　to　be　considered．　However
it　is　reported　that　the　iEc　is　robust　against　noise．　T’ ?５’獅奄di’n　’r－eVa’S6fiVl’g

t－ha“t　the　convergence　point　is　not　precise．　Namely，　the　user　may　regard

different　candidates　as　same　candidates．　Therefore，　the　perforniancVe　of

the　system　based　on　the　IEC　is　hardly　influenced　by　noise．

　　As　mentioned　above，　the　IEC　is　effective　for　the　system　which　has　to

treat　human　subjectivity　but　it　has　some　problems　to　implement　practical

system．　These　problems　are　mainly　related　to　the　user’s　fatigue．　ln　’

the　system　based　on　the　IEC，　The　user　has　to　evaluate　the　presented

candidates　repeatedly．　This　is　the　backbreaking　task　for　the　user　and

fatigues　the　user．　Therefore，　in　the　IEC，　the　following　items　have　to　be

considered．　One　is　that　the　population　size　and　the　generation　size　have　to

be　small　in　comparison　with　the　standard　GA．　The　small　population　size

causes　the　problem　of　initial　convergence．　The　high　convergence　speed

is　required　in　the　case　where　the　generation　size　is　small．　Another　is

that　the　simple　evaluation　method　is　needed　in　order　to　reduce　the　user’s

fatigue．　The　evaluation　method　in　the　S　B　is　easier　for　the　user　than

standard　IEC．　However，　the　evaluation　method　in　the　SB　also　causes　the

initial　convergence　because　new　children　are　generated　by　the　selected

candidates　only．　The　detail　of　these　problems　and　the　improvement　of

the　IEC　to　solve　these　problems　are　described　in　next　subsection．

1．7．2　Applications　and　Related　Works

The　studies　on　the　IEC　are　classified　into　three　types．　One　is　applica－

tions　of　the　IEC　to　art　such　as　image　or　music　creation．　Another　type

is　an　application　in　engineering．　ln　engineering，　sound　processing，　image

retrieval，　image　processing，　knowledge　acquisition　and　so　on　are　involved

as　the　fields　of　application．　Final　one　is　the　study　to　improve　the　perfor－

ilpance　of　the　IEC．　The　brief　introduction　of　the　studies　on　each　type　is

described　below．
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1．7．2・1　Applications　in　Art

In　initial　research　on　the　IEC，　image　creation　was　main　application．　As

fi．nr．St　aP．P．　liCaTt．iOn．．．Of　the　IEC，一R・　Dwakins　proposed　the　Biomorph　［12g］．

Thereafter，　K．　　　　　　　　　　　　　　Sims　proposed　a　system　which　interactively　genefate“s　c　d

lmage‘s．　．　This－CG　image　is　drawn　by　mathematical　formula，　and　this

formula　is　evolved　by　the　IGP．　Unemi　proposed　SBART　for　C　G　creation

PY　S．a．M．．e．　WaY　［130J・　The．　Bi9．　Morph　by　R・　Dawkins　and　the　Genetic　lmages

　　　　　　Sim．s　darg　sh－o．一w．n　in　Figure　1．12　and　Figure　1．13，　respectively．　TVheby　K．

c．．oncer吹@witb．　the　IEC　has　grown　in　the　field　of　art　after　these　proVposals．

Seyeral　applications　based　on　the　IEC　in　art　field　are　briefly　ihtr6duced

below．

Aoki　et　al．　prop－osed　a　design　support　system　for　lighting　design　in

co窒垂吹Duter　一graphig　［131］．　ln　the　system，　the　decisions　6f　th6　type；　the

p．osi．tiLop，　t－h－e　ON／OFF　and　the　strength　for　three　lights　are　suppTo’rted　by

the　IGA．　They　designed　an　experiment　in　order　to　cT盾高垂≠窒?　th’?’hEC　with

trial　and　err・r・In　this　experimen七，　a　design　c・ncept　was　given七・the　user，

pnd　the　user　created　CG　image　by　each　method．　The　usef　compared　thes6

images　which　are　crea七ed　by　both　methods　and七hen　selec七ed　either　CG

image　which　was　more　suitable　for　the　design　concept．　The　experimental

result　statistically　revealed　that　the　proposed　system　was　n6t　effective

for　expert　CG　designers　but　was　effective　for　amateur　CG　designers．　The

most　important　point　to　note　is　that　the　subj　ective　evaluatioh　test　and

the　statistical　test　were　introduced　into　the　experiment．　The　conventional

s．一t．udies　in　the　art　have　focused　on　the　implementation　of　the　system．

They　explicated　the　effect　of　the　system　statistically．　Their　expeiiment

was　meaningfu1　in　this　respect．

Nakanishi　prgpg．seq　a　fashion　design　aid　system　using　the　IEC　［132］．　ln

this　system，　g．　一ladies’　one－piece　design　is　drawn　in　acc6rdance　with　e4ight

parameters．　The　individuals　are　generated　by　taking　one　of　eleven　valUes

on　each　parameter．　The　decision　of　this　value　is　performed　on　the　basis　of

？robability　which　each　value　has．　The　user　chooses　a　most　favorite　design

from　the　candidates　which　are　created　by　decoding　the　individuals．　TV?
?p．”r．obgbility一　for　each　value　is　changed　on　the　basis　of　the　chosen　design．

The　indivi　　　　　　　　　dual　consisting　of　the　values　which　have　highest　probability　bn

each　parameter　means　most　suitable　design　for　the　tiser．　Moreover，Ythis

syslem　can　obtain　the　Kan－sei　information　of　a　user　by　using　the　GP

．and　operation　history．　He　made　an　experiment　based　on　a　simulation

using　the　mathematical　function　obtained　by　the　GP　and　indicated　the

effectiveness　of　the　proposed　system．
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Figure　1．12：　Biomorph　by　R．　Dawkins

tlt・nt

Figure　1．13：　Genetic　lmages　by　K．　Sims
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Hge．　et　al．　propgsed　a　3D　fashion　design　aid　system　using　the　IGA　［133］．

In　this　system，　they　improved　the　efficiency　of　the　IGA　by　introditcin’

domain　specific　knowledge．　ln　the　fashion　design，　there　exist　impractical

designs．　This　system　avoids　generating　such　designs　by　using　domain

specific　knowledge．　That　is，　some　clothing　parts　which　are　treated　in　the

system　are　combined　in　advance　so　that　impractical　designs　are　not　cre－

ated．　They　made　the　experiment　using　some　subjects．　The　experimental

results　revealed　that　the　developed　system　was　effective　for　the　fashion

design　aid．

　The　IEC　was　applied　to　the　melody　creation　for　j　azz　session　by　Biles

［134］．　This　system　is　called　GenJam．　ln　this　system，　the　user　liseens　to

the　generated　melody，　and　evaluates　it　by　pushing　a　good　button　or　a

bad　button　at　any　time．　Namely，　the　user　can　evaluate　the　melody　at

any　time　while　it　is　played　because　it　is　time　consuming　and　increases　the

user’s　fatigue　to　evaluate　the　melody　after　the　play　is　finished．　Therefore，

the　GenJam　does　not　evolve　the　whole　of　music　but　it　treats　a　phrase　as

a　unit　and　it　evolves　the　melody　on　each　phrase．　This　evaluation　method

is　effective　for　the　IEC　in　the　case　where　sequential　signal　is　treated　in

the　system．

1．7．2．2　Applications　in　Engineering

Recently，　the　IEC　has　also　come　to　be　utilized　in　engineering．　ln　engi－

neering，　the　following　applications　have　been　proposed．

　Mutoh　e．t　al．　applied　the　SB　to　the　decision　of　the　image　filter　processing

sequence　［135］．　The　image　data　came　to　be　frequently　used　by　general

computer　user　in　accordance　with　the　development　of　digital　camera，

scanner，　personal　computer　and　World　Wide　Web．　The　general　user

uses　a　software　which　equips　with　several　image　filters　to　re一一touch　the

image　data．　Generally，　the　different　processing　effect　can　be　obtained　by

changing　the　sequence　of　these　filters．　The　proposed　system　supports　thb

decision　of　the　filter　sequence　because　it　is　diMcult　for　the　general　user

to　decide　the　sequence．

　The　development　of　the　hearing　aid　which　is　suitable　for　each　senior　is

peeded　in　accordance　with　the　increase　of　senior　citizen．　Recently，　digital

hearing　aid　has　been　developed　for　such　a　demand．　The　dl’gitai　heaVring

aid　can　perform　the　signal　processing　which　could　not　be　performed　ih

conventional　analogue　hearing　aid．　ln　the　digital　hearing　aid，　the　param－

eter　tuning　is　required　in　order　to　make　appropriate　hearing　aid　for　each

person．　ln　conventional　tuning，　the　doctor　measures　the　hearing　condi一
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tion　of　the　user　and　then　adj　usts　the　parameter．　However，　it　is　diflicult

to　adj　ust　to　most　appropriate　parameter　by　the　doctor　because　the　per－

son　which　can　evaluate　goodness／badness　of　the　hearing　aid　is　the　user

only．　Therefore，　the　user　has　to　tune　the　parameter　in　order　to　make

most　appropriate　digital　hearing　aid．　This　is　hard　task　for　the　user　who

is　not　expert．　Takagi　et　al．　proposed　a　system　based　on　the　IEC　for　the

parameter　tuning　of　digital　hearing　aid　［136］．　ln　this　system，　the　user

can　obtain　most　appropriate　parameter　for　the　signal　processing　of　dig－

ital　hearing　aid　by　evaluating　the　easiness　to　hear　the　sounds　which　are

presented　by　the　system．　Their　experimental　results　statistically　revealed

that　the　proposed　system　could　effectively　support　the　parameter　tuning

for　the　digital　hearing　aid．

　It　is　difiicult　to　retrieve　the　image　data　which　are　suitable　for　each　user’s

subjectivity　from　large－scale　database　or　the　internet．　ln　the　case　where

image　data　are　treated，　it　is　difliicult　to　implement　the　retrieval　using　the

verbal　keywords　because　the　user　does　not　know　the　kinds　of　the　images

which　are　stored　in　the　database　or　the　internet．　Moreover，　there　is　a

case　where　the　subj　ectivity　of　the　database　manager　who　attaches　the

keywords　to　t　he　image　data　differs　from　the　subj　ectivity　of　each　user．

The　IEC　can　be　utilized　to　retrieve　the　image　data　which　are　suitable　for

each　user’s　subjectivity．　ln　the　retrieval　system　based　on　the　IEC，　the

raw　information　such　as　pixel　value　which　image　datum　has　is　used　as

the　parameter．　The　image　data　are　retrieved　by　using　this　parameter．

The　user　evaluates　the　presented　image　data　on　the　basis　of　own　subjec－

tivity．　This　parameter　is　evolved　by　t　his　evaluation　and　t　he　parameter

to　retrieve　more　appropriate　image　is　generated　by　the　EC．　There　are

some　proposals　for　the　image　retrieval　［137］［138］［139］．　Cho　implemented

an　image　retrieval　system　using　the　wavelet　and　the　IGA　［137］．　Kitamoto

et　al．　proposed　an　image　retrieval　system　using　the　queue－based　genetic

algorithm　［138］［139］．　ln　the　IEC，　the　user　spends　long　time　for　the　eval－

uation　of　candidates．　Moreover，　the　GA　operation　is　time　consuming　in

treating　photographic　image　data　because　the　amount　of　information　in

photographic　image　data　is　considerably　large．　Kitamoto　et　al．　improved

the　speed　of　the　system　by　overlapping　the　human　evaluation　time　and

the　GA　operation　time．

　Caldwell　proposed　an　application　for　tracking　a　criminal　suspect，　i．e．，　a

montage　system　［140］．　At　first，　some　photofit　facial　images　are　displayed

to　the　user　in　this　system．　The　user　evaluates　all　facial　images　which

are　displayed　on　the　interface　and　then　gives　the　rating　to　all　of　them．

67

ヒ　　　　　　　　　　　

欝灘灘…灘，
嘘，



This　rating　is　regarded　as　the　fitness　value　of　individual．　The　genetic

operations　are　applied　to　the　facial　images　based　on　this　value．　The　face

of　criminal　suspect　emerges　by　repeating　this　process．

　　Isono　et　al．　proposed　a　3D　facial　image　generating　system　using　the

IGA　［141］．　ln　this　system，　the　coding　of　individual　is　performed　by　using

the　PCA．　lt　has　been　reported　that　the　PCA　is　effective　method　for　face

．recognition．　The　experimental　results　revealed　that　an　effective　facial

image　generating　can　be　implemented　by　combining　the　P　CA　and　the

IGA．

　　Monm4rche　et　al．　proposed　a　HTML　design　support　system　by　using

the　IGA　［142］．　ln　this　system，　background　style，　link　color，　font　style　and

so　on　which　are　elements　for　des’igning　HTML　are　coded　as　the　individual．

Moreover，　the　vector　of　probability　is　used　instead　of　the　population

in　this　system．　The　individuals　are　generated　in　accordance　with　the

probability　which　each　value　on　each　locus　has．　The　probabilities　are

updated　according　to　the　values　which　the　user－selected　individuals　have．

　　Kuriyama　et　al．　proposed　a　composition　support　system　for　kids　［143］．

The　decision　of　the　contexture　in　composi七ion　is　impor七ant　and　difHcult

task　for　kids．　ln　their　system，　twenty－four　pictures　are　presented　on　a

display．　The　kid　selects　four　pictures　from　the　displayed　pictures　and　then

aligns　the　pictures．　The　kid　makes　two　sequences　by　this　operation．　This

sequence　means　the　story　of　the　composition．　The　selected　sequences　are

employed　as　the　parents，　and　the　GA　operation　is　applied　to　the　parents．

Some　children　are　generated　on　the　basis　of　the　GA　operation．　The　kid

newly　selects　two　sequences　from　the　presented　sequences．　The　decision

of　story　in七he　composition　is　supPorted　by　repeating　this　operation．

　To　select　preferable　candidates　is　easier　than　to　write　program．　The

selection　in　the　IEC　can　be　regarded　as　the　reward　in　the　reinforcement

learning．　Therefore，　the　IEC　can　learn　the　rule　or　the　mechanism　for　con－

trol　as　well　as　the　reinforcement　learning．　As　an　application　in　this　field，

Pagliarini　et　al．　proposed　a　moving　rob　ot　based　on　Neural　Network　and

the　IEC　［144］．　The　user　selects　robots　which　have　preferable　movement．

The　evolutionary　computing　evolves　the　weights　in　the　Neural　Network．

The　robot　having　the　Neural　Network　which　can　perform　the　preferable

movement　is　created　by　repeating　the　selection．

　Fuj　ii　et　al．　introduced　the　concept　of　evolution　and　interaction　in　the

IEC　into　a　fuzzy　classifier　system　［145］．　They　employed　a　robot　control

problem　as　an　example　and　attempted　to　generate　interactively　rules

which　reflect　the　user’s　subj　ectivity．
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Tabuchi　et　al．　applied　the　IEC　to　knowledge　acquisition　for　classifying

eight　kinds　of　defect　data　in　stainless　steel　［146］．　ln　this　system，　basically，

the　search　is　automatically　performed．　The　user　performs　the　evaluation

at　the　interval　of　one　hundred　steps．　lt　was　found　from　the　experimental

result　that　the　rule　was　considerably　changed　when　the　user　evaluated　it，

and　the　robust　rule　could　be　obtained．

1．7．2．3　lmprovement　of　the　IEC

In　the　IEC，　some　technical　problems　have　to　be　solved　in　order七〇im－

plement　practical　system．　These　problems　and　the　attempts　for　solving

them　are　described　below．

　In　the　system　based　on　the　IEC，　some　candidates　are　presented　on　the

interface．　The　user　evaluates　candida七es　by　comparing　them．　Therefbre，

it　is　likely　that　the　user’s　fatigue　for　the　evaluation　can　be　reduced　by

facilitating　the　comparison　of　candidates　which　are　presented　on　the　in－

terface．　Ohsaki　et　al．　proposed　an　interface　which　changes　the　order　of

the　presented　candidates　in　order　to　facilitate　the　comparison　［147］［148］．

This　interface　predicts　the　evaluation　values　of　the　candidates　which　will

be　given　by　the　user．　The　candidates　are　displayed　on　the　interface　in

accordance　with　the　order　of　predicted　evaluation　value．　As　the　predic－

tion　method，　Ohsaki　et　al．　employed　a　neural　network　and　Euclidean

distance．　They　designed　some　practical　experiments　in　order　to　confirm

the　effectiveness　of　the　proposed　interface．　From　the　experimental　result，

they　concluded　that　the　proposed　interface　was　not　effective　statistically

but　the　direction　of　future　research　could　be　obtained　from　the　opinion

of　the　subjects．

　In七he　IEC，　there　is　a　problem　of　initial　convergence．　In　the　system

based　on　the　IEC，　the　number　of　candidates　displayed　on　the　interface　is

small　because　it　makes　the　user’s　evaluation　diMcult　to　present　a　large

numb　er　of　candidates　at　the　same　time，　This　number　of　candidates　means

the　population　size　in　GA．　ln　the　case　where　the　population　size　is　small，

the　problem　of　initial　convergence　occurs．　Namely，　the　individuals　in　the

population　are　similar　to　each　other　in　the　initial　generation，　and　the

different　kinds　of　individual　are　not　generated．　Therefore，　the　user　can

not　obtain　optimal　candidates．　Moreover，　this　problem　frequently　occurs

in　the　system　using　the　SB　because　the　children　of　the　next　generation　are

generated　on　the　basis　of　the　user－selected　candidates　only．　To　avoid　this

prgblAem，　Unemi　proposed　a　multi－field　interface　for　the　SB　［149］．　This

interface　mimics　the　island－model　GA．　The　interface　has　two　fields　for

69

　
㎜懸

　
　

躍、」



breeding　the　candidates．　The　user　can　breed　different　kinds　of　candidates

on　each　field．　Moreover，　the　candidates　which　are　bred　on　one　field　can

beJ　trqnsplanted　into　another　field．　The　diversity　can　be　increased　by

hybridizing　the　different　kinds　of　candidates　which　are　bred　on　each　field．

　　In　the　IEC，　there　are　two　kinds　of　user’s　evaluation　method　for　the　can－

didates．　Caldwell　proposed　the　method　that　the　user　gives　the　evaluation

values　to　all　presented　candidates　in　nine　grades　［140］．　This　method　is

called　the　rating－all　method．　On　the　other　hand，　the　selective　method

such　as　SB　has　been　proposed．　ln　the　selective　method，　the　user　selects

one　or　some　which　is　suitable　for　the　purpose　from　the　presented　candi－

dates．　Although　the　rating－all　method　is　effective　in　terms　of　the　search

performance　because　all　individuals　can　get　the　fitness　value，　this　task

is　backbreaking　for　the　user　and　fatigues　the　user．　On　the　other　hand，

the　user’s　load　is　very　light　in　the　case　of　the　selective　method．　However，

there　is　the　problem　of　the　initial　convergence　in　the　selective　method．

The　selective　method　is　very　usefu1　evaluation　method　for　the　user　if　the

initial　convergence　problem　can　be　solved．　To　implement　such　an　eval－

uation　method，　Sugimoto　et　al．　proposed　fitness　assignment　methods；

i．e．，　bias　method　and　fuzzy　method　［150］．　ln　both　methods，　the　user

selects　one　suitable　candidate　for　the　purpose．　The　fitness　is　given　to

all　candidates　which　are　presented　on　the　interface　on　the　basis　of　the

user－selected　candidate．　ln　the　bias　method，　large　fitness　value　is　given　to

user－selected　candidate　and　small　fitness　value　is　given　to　all　candidates

which　are　not　selected　by　the　user．　ln　the　fuzzy　method，　the　fitness　value

is　decided　by　the　fuzzy　reasoning　which　is　based　on　the　generation，　the

distance　and　the　angle　between　the　user－selected　candidate　and　others．

They　designed　the　experiment　using　some　subjects　in　order　to　confirm

the　effectiveness　of　their　proposed　methods．　The　experimental　results

revealed　that　the　proposed　methods　were　effective　evaluation　method　for

the　reduction　of　user’s　fatigue　in　comparison　with　the　rating－all　method．

　In　the　IEC，　the　candidates　which　are　randomly　generated　are　presented

to　the　user　in　the　first　generation　because　the　system　does　not　have　the

information　of　the　user’s　subj　ectivity　or　Kan－sei．　The　effectiveness　of

the　system　will　increase　if　the　system　can　store　the　information　of　user’s

subjectivity　or　Kan－sei　in　previous　task　and　can　reflect　it　to　the　candidates

which　are　presented　in　the　first　generation．　Kato　et　al．　propose　an　image

Tetri．eval　system　utilizing　personal　history　reflecting　user’s　subj　ectivity

［151］．　The　system　utilizes　the　personal　history　in　Previous　retiieval　t”o

generate　the　initial　population．　The　experimental　results　revealed　that
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high　evaluation　values　were　given　to　the　individuals　in　the　initial　step　of

retrieval　in　comparison　with　the　system　without　the　personal　history．

　　The　purpose　of　the　conventional　IEC　is　to　find　the　suitable　candidates

for　the　user’s　subj　ective　preference．　Namely，　only　a　user　evaluates　the

candidates．　This　can　be　regarded　as　the　optimization　Problem　of　an　eval－

uation　function　which　the　user　has．　However，　there　are　many　problems

which　have　multiple　evaluation　function，　i．e．，　multi－objective　optimiza－

tion　problem．　Shibuya　et　al．　proposed　the　extension　of　the　IGA　in

o．rder　to　solve　multi－objective　optimization　problem　［152］．　They　took　up

the　motion　animation　design　problem　as　the　multi－objective　optimizatioh

problem．　ln　this　motion　animation　problem，　the　purpose　is　to　make　the

motion　animation　which　is　suitable　for　the　user’s　subjectivity．　Howev－

er，　there　is　the　pre－defined　evaluation　for　natural　motion　in　the　motion

animation．　That　is，　in　this　problem，　this　pre－defined　evaluation　function

and　the　evaluation　function　which　the　user　has　must　be　optimized　at

the　same　time．　Additionally，　this　problem　has　some　constraints　which

must　be　satisfied．　They　introduced　the　concept　of　multi－objective　GA

into　the　IGA　so　as　to　treat　this　multi－objective　optimization　problem．

The　process　of　multi－obj　ective　interactive　genetic　algorithm　is　illustrated

in　Figure　1．14．　At　first，　the　individuals　in　the　population　are　randomly

generated．　These　individuals　are　divided　into　some　groups　on　the　basis

of　the　similarity　among　the　individuals．　ln　each　group，　Paleto　optimal

sets　are　automatically　found　by　the　multi－obj　ective　GA．　The　groups　are

merged　into　the　population，　and　some　individuals　are　presented　to　the

user　for　the　evaluation．　These　individuals　are　sorted　in　accordance　with

the　user’s　subjective　preference．　The　crossover　operator　is　applied　to　the

candidates　which　high　evaluation　is　given．　The　problem　is　optimized　by

repeating　this　process．　They　designed　the　experiment　with　some　subject－

s．　ln　the　experimental　results，　it　was　shown　that　the　proposed　method

could　generate　high　quality　motion　animations　with　less　stress．

1．7．3　Future　of　IEC

In　this　section，　the　framework　and　feature　of　the　IEC　were　explained，

and　the　applicatiQns　on　various　fields　were　surveyed．　ln　addition，　some

technical　problems　in　the　IEC　and　the　methods　to　solve　them　were　in－

troduced．　As　mentioned　above，　the　task　domain　which　is　suitable　for

applying　the　IEC　is　expanding　under　the　influence　of　the　development

of　Kan－sei　engineering　or　human　interface．　lt　is　likely　that　its　domain　is

extending　hereafter．
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Figure　1．14：　Multi－objective　lnteractive　Genetic　Algorithm

　The　paradigm　of　IEC　is　different　from　the　approach　of　analysis　type　in

the　conventional　artificial　intelligence　that　the　human　excellent　evalua－

tion　ability　is　replaced　as　a　computing　model．　The　IEC　is　an　approach　of

composition　type　which　is　implemented　by　introducing　the　human　excel－

lent　ability　itself　into　the　system．　lt　is　obvious　that　this　approach　which

esteems　the　human　excellent　ability　is　effective　for　t　he　problems　such　as

the　creation，　adjustment　or　design　based　on　human　subjectivity　or　Kan－

sei．　lf　the　user’s　fatigue　problem　which　is　one　of　important　problems　in

the　IEC　fbr　the　development　practical　sys七em　can　be　solved，　the　IEC　will

become　representative　method　in　the　artificial　intelligence．

1．8 Conclusion

In　this　chapter，　the　face　recognition　and　i七s　recogni七ion　methods　to　im－

plement　flexible　and　adaptable　human　interface　were　focused　on．　Human

face　plays　important　roles　in　the　face－to－face　communication　among　hu－

mans．且umans　can　obtain　from　face　various　kinds　of　infbrma七ion　such

as　intention，　emotion，　s七ate　and　so　on．　The　effective　and　user－friendly

human　interface　can　be　implemented　if　computer　can　fiexibly　recognize

or　understand　the　information　which　human　face　represents．　Therefore，

recently，　the　research　on　the　recognition　of　the　information　which　face

represen七s　has　been　carried　out，　and　this　subject　is　called　the　face　reco9－

nition．　ln　this　chapter，　the　survey　on　the　face　recognition　was　described，

The　face　recognition　consists　of　several　problems　such　as　the　face　expres一
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sion　recognition，　face　identification，　face　cognitive　model　acquisition，　face

detection　and　so　on．　ln　this　dissertation，　especially，　the　facial　expression

recognition，　face　identification　and　face　cognitive　model　acquisition　are

taken　up　as　typical　pr・blems　in　the　face　rec・gni七i・n，　and　the　face　rec・9－

nition　methods　for　these　problems　are　proposed．　Thus，　the　details　and

the　related　works　of　these　problems　were　described　in　this　chapter．　ln

addition，　the　details　of　MTS　and　IGA　which　are　utilized　for　the　face

recognition　methods　proposed　in　this　study　were　described，　and　their

recent　works　and　related　works　were　surveyed．

73

鎌灘－1灘麟灘。一
肌

、
甦
、

S

鴫㌧



［1］　S．　Akamatsu，　”Computer　Recognition　of　Human　Face　一　A　Survey　一”，

　　　Journal　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　Engineers，　Vol．J80－A，　No．8，　pp．1215－1230，　Aug．　1997．　（in　Japanese）

［2］S・M・rishimぺ’Technica1　Pr・blems　in　Facial　Expressi・n　Rec・gni．

　　　tion　and　Synthesis”，　Technical　report　of　Institute　of　Electronics，

　　　Information　and　Communication　Engineers，　PRMU97－141，　pp．83－

　　　92，　Nov．　1997．　（in　Japanese）

［3］　H．　Yamada，　”Psychological　Model　for　Facial　Expressions　of　E－

　　　motion　Recognition”，　Journal　of　The　Society　of　lnstrument　and

　　　Control　Engineers，　Vol．33，　No．12，　pp．1063－1069，　Dec．　1994．　（in

　　　Japanese）

［4］　S．　Yoshikawa，　”Perspectives　of　research　on　facial　expression”，　Tech－

　　　nical　report　of　lnstitute　of　Electronics，　lnformation　and　Communi－

　　　cation　Engineers，　PRMU97－11，　pp．69－74，　Nov．　1997．　（in　Japanese）

［5］　T．　Ogawa，　M．　Oda，　S．　Yoshikawa　and　S．　Akamatsu，　”Evaluation　of

　　　Facial　Expression　Differing　in　Face　Angles　一Constructing　a　Database

　　　of　Facial　Expressions一”　，　Technical　report　of　lnstitute　of　Electronics，

　　　Information　and　Communication　Engineers，　PRMU97－136，　pp．47－

　　　52，　Nov．　1997．　（in　Japanese）

［6］　N．　Matsuzaki　and　T．　Sato，　”The　role　of　the　static　pattern　and　the

　　motion　in　the　perception　of　facial　expressions”，　Technical　report　of

　　Institute　of　Electronics，　lnformation　and　Communication　Engineer－

　　s，　HCS99－12，　pp．1－5，　June　1999．　（in　Japanese）

［7］　M．　Kamachi，　S．　Yoshikawa　and　S．　Akamatsu，　”Does　changing　speed

　　affect　the　recognition　of　facial　expression？”，　Technical　report　of　In－

　　stitute　of　Electronics，　lnformation　and　Communication　Engineers，

　　HCS98－34，　pp．17－24，　Oct．　1998．　（in　Japanese）

［8］　P．　Ekman　and　W．　V．　Friesen，　”Facial　Action　Coding　System”，　Con－

　　sulting　Psychologists　Press，　Palo　Alto，　US．，　1978．

74

鱗 灘灘羅響・



［9］　O．　Hasegawa，　S．　Morishima　and　M．　Kaneko，　”Processing　of　Facial

　　　　Information　by　Computer”，　Journal　of　lnstitute　of　Electronics，　ln－

　　　　formation　and　Communication　Engineers，　Vol．80－A，　No．8，　pp．1231－

　　　　1249，　Aug．　1997．　（in　Japanese）

［10］　K．　Mase，　”Detection　of　Facial　Muscle　Motion　by　Optical－flow”，

　　　　Technical　report　of　lnstitute　of　Electronics，　lnformation　and　Com－

　　　　lipunicatign　Engineers，　PRU89－128，　pp．17－24，　March　1989．　（in

　　　　Japanese）

［11］　K．　Mase，　E．　Maeda　and　Y．　Suenaga，　”Recognition　of　Emotion　from

　　　　Image　Sequence　of　Facial　Expression”　，　Technical　report　of　lnstitute

　　　　of　Electronics，　lnformation　and　Communication　Engineers，　PRU91－

　　　　24，　pp．95－101，　May　1991．　（in　Japanese）

［12］　Z．　Prochazka，　T．　lto　and　T．　Okamoto，　”Facial　Expression　Recogni－

　　　tion　System　Using　Facial　Motion”，　Technical　report　of　lnstitute　of

　　　Electronics，　lnformation　and　Communication　Engineers，　HIP96－42，

　　　pp．19－24，　March　1997．　（in　Japanese）

［13］　C．　S．　Choi，　H．　Harashima　and　T．　Takebe，　”Analysis　of　Facial　Ex－

　　　pression　Using　Three－Dimensional　Facial　Model”，　Journal　of　ln－

　　　stitute　of　Electronics，　lnformation　and　Communication　Engineers，

　　　Vol．J74－D－II，　No．6，　pp．766－777，　June　1991．　（in　Japanese）

［14］　T．　Otsuka　and　J．　Ohya，　”A　Study　of　a　Non－Verbal　lnformation

　　　Transfer　Method　for　a　Communication　Environment　一Head　Pose

　　　Estimation，　Facial　Expression　Recognition　and　Conversion”，　Tech－

　　　nical　report　of　lnstitute　of　Electronics，　lnformation　and　Communi－

　　　cation　Engineers，　PRMU98－224，　pp．33－39，　Feb．　1999．　（in　Japanese）

［15］　F．　Kawakami，　H．　Yamada，　H．　Harashima　and　S．　Morishima，　”Con－

　　　struction　of　Expression　Analysis　and　Synthesis　System　based　on

　　　3－D　Emotion　Model”，　Technical　report　of　lnstitute　of　Electronic－

　　　s，　lnformation　and　Communication　Engineers，　HCS95－27，　pp．7－14，

　　　March　1996．　（in　Japanese）

［16］　Y．　Ando　and　T．　Yonekura，　”A　Study　of　Emotional　lnteraction

　　　System　Using　Facial　Expression”，　Technical　report　of　lnstitute　of

　　　Electronics，　lnformation　and　Communication　Engineers，　MVE96－

　　　72，　pp．29－36，　March　1997．　（in　Japanese）

［17］　T．　lshii　and　H．　lwata，　”Automatic　Recognition　of　Human　Facial

　　　Expression　by　Computer　lmage　Processing”，　Transactions　of　the

75

♂
腿

・錨き
．
璽

鞭



　　　　Japan　Society　of　Mechanical　Engineers　（Series　C），　Vol．52，　No．483，

　　　　pp．2989－2992，　Sept．　1986．　（in　Japanese）

［18］　H．　Kobayashi，　H．　Takahashi　and　K．　Kikuchi，　”Automatic　Extrac－

　　　　tion　of　Facial　Organs　and　Recognition　of　Facial　Expressions”，　Tech－

　　　　nical　report　of　lnstitute　of　Electronics，　lnformation　and　Communi－

　　　　cation　Engineers，　PRMU99－138，　pp．37－42，　Nov．　1999．　（in　Japanese）

［19］　K．　Matsuno，　C．　Lee　and　S．　Tsuji，　”Recognition　of　Facial　Expression

　　　　Using　Potential　Net　and　KL　Expansion”，　Journal　of　lnstitute　of

　　　　Electronics，　lnformation　and　Communication　Engineers，　Vol．J77－

　　　　D－II，　No．8，　pp．1591－1600，　Aug．　1994．　（in　Japanese）

［20］　H．　Bessyo，　Y．　lwai　and　M．　Yachida，　”Detecting　Human　Face　and

　　　　Recognizing　Facial　Expressions　Using　Potential　Net”，　Technical　re－

　　　port　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　Engineers，　PRMU99－139，　pp．43－48，　Nov．　1999．　（in　Japanese）

［21］　T．　Sakaguchi，　J．　Ohya　and　F．　Kishino，　”Facial　Expression　Recogni－

　　　tion　from　lmage　Sequence　Using　Hidden　Markov　Model”　，　Journal　of

　　　The　lnstitute　of　lmage　lnformation　and　Television　Engineers，　Vol．8，

　　　No．49，　pp．1060－1067，　Aug．　1995．　（in　Japanese）

［22］　H．　Sakano，　”The　State　of　art　of　Biometric　Person　Authentica－

　　　tion”，　Technical　report　of　lnstitute　of　Electronics，　lnformation　and

　　　Communication　Engineers，　PRMU99－29，　pp．75－82，　June　1999．　（in

　　　Japanese）

［23］　M．　Yoshino，　”Facial　lmage　ldentification　in　Criminal　lnvestiga－

　　　tion”　，　Technical　report　of　lnstitute　of　Electronics，　lnformation　and

　　　Communication　Engineers，’　PRMU99－28，　pp．67－74，　June　1999．　（in

　　　Japanese）

［24］H．Sato，　N．　Terashima　and　H．　Tominaga，，，　Human　Face　Pose　Es七i－

　　　mation　for　Creating　Avatars”，　Technical　report　of　lnstitute　of　Elec－

　　　tronics，　lnformation　and　Communication　Engineers，　PRMU99－153，

　　　pp．23－30，　Nov．　1999．　（in　Japanese）

［25］　K．　Sugiyama，　K．　Yamada，　Y．　Yonamine　and　H．　Nakagawa，　””Top－

　　　ical　Face”　Detection　Using　Decision　’lliree　Photograph　Newspa－

　　　per”，　Technical　report　of　lnstitute　of　Electronics，　lnformation　and

　　　Communication　Engineers，　PRMU99－154，　pp．31－38，　Nov．　1999．　（in

　　　Japanese）

76

・響聾灘i灘懸懸 L　　T±）羅　　
　．顎．　　　　　　　棚　　・　　　　　　　襲、b



［26］　T．　Yokoyama，　Y．　Yagi　and　M．　Yachida，　”Active　Contour　Models

　　　　for　Extracting　Facial　Contour”，　Journal　of　lnformation　Process－

　　　　ing　Society　of　Japan，　Vol．40，　No．3，　pp．1127－1137，　March　1999．　（in

　　　　Japanese）

［27］　R．　Nagata　and　T．　Kawaguchi，　”Detection　of　Human　Faces　in　a　Color

　　　　Image　with　Complex　Background”，　Technical　report　of　lnstitute　of

　　　Electronics，　lnformation　and　Communication　Engineers，　PRMU99－

　　　　111，　pp．77－82，　Nov．　1999．　（in　Japanese）

［28］　Y．　Li　and　H．　Kobatake，　”Face　Detection　Based　On　Dynamic　Sym－

　　　metry　Operator”，　Technical　report　of　lnstitute　of　Electronics，　ln－

　　　formation　and　Communication　Engineers，　HIP98－22，　pp．3－8，　Sept．

　　　　1998．　（in　Japanese）

［29］　S．　Clippingdale　and　T．　lto，　”Feature　selection　experiments　on　the

　　　FAVRET　face　tracking　and　recognition　system”，　Technical　report

　　　of　lnstitute　of　Electronics，　lnformation　and　Communication　Engi－

　　　neers，　PRMU99－109，　pp．61－68，　Sept．　1999．　（in　Japanese）

［30］　M．　Oshida，　T．Yamaguchi，　M．　Tominaga，　H．　Koshimizu，　T．　Endou，

　　　T．　Toriu　and　K．　Murakami，　”On　the　method　for　face　and　facial

　　　parts　recognition　in　which　Hough　transform　and　the　related　pro－

　　　cedures　were　utilized　一Generating　facial　data　for　facial　caricaturing

　　　system　PICASSO一”　，　Technical　report　of　lnstitute　of　Electronics，　ln－

　　　formation　and　Communication　Engineers，　PRMU98－225，　pp．41－48，

　　　Feb．　1999．　（in　Japanese）

［31］　O．　Hori，　”Face　Detection　in　an　lmage　Based　on　a　Statistics

　　　Approach”，　Journal　of　lnformation　Processing　Society　of　Japan，

　　　Vol．40，　No．8，　pp．3281－3288，　Aug．　1999．　（in　Japanese）

［32］　N．　lnakoshi，　M．　Maekawa　and　K．　Nakamura，　”Large－Scale　lndivid－

　　　ual　Human　verification　using　face　image”，　Technical　report　of　ln－

　　　stitute　of　Electronics，　lnformation　and　Communication　Engineers，

　　　PRMU98－23，　pp．77－84，　May　1999．　（in　Japanese）

［33］　H．　lmaoka　and　S．　Sakamoto，　”Pose－lndependent　Face　Recognition

　　　Method”，　Technical　report　of　lnstitute　of　Electronics，　lnformation

　　　and　Communication　Engineers，　PRMU99－26，　pp．51－58，　June　1999．

　　　（in　Japanese）

［34］　S．　Kuriyama，　K．　Yamamoto，　H．　Hongo　and　K．　Kato，　”Face　Recog－

　　　nition　by　using　hyper　feature　fields”　，　Technical　report　of　Institute　of

77

・懇灘灘灘灘灘1鑛織． 　　　　　　　　　　　　　　　　　　　　　　睡　・

』灘灘懇懇・羅購灘難齪・し’



　　　　Electronics，　lnformation　and　Communication　Engineers，　PRMU99－

　　　　115，　pp．105－110，　Nov．　1998．　（in　Japanese）

［35］　M．　Sohma　and　K．　Nagao，　”Robust　Face　Recognition　under　Drastic

　　　　Changes　of　Conditions　of　lmage　Acquisition”，　Journal　of　lnstitute

　　　of　Electronics，　lnformation　and　Communication　Engineers，　Vol．J80－

　　　D－II，　No．8，　pp．2225－2231，　Aug．　1997．　（in　Japanese）

［36］　M．　Doi，　Q．　Chen，　A．　Matani，　O．　Oshiro，　K．　Sato　and　K．　Chihara，

　　　”Lock　Control　System　Based　on　Face　ldentification”，　Journal　of　ln－

　　　stitute　of　Electronics，　Information　and　Communication　Engineers，

　　　Vol．J80－D－II，　No．8，　pp．2203－2208，　Aug．　1997．　（in　Japanese）

［37］　M．　Doi，　K．　Sato　and　K．　Chihara，　”A　Robust　Face　ldentification

　　　against　Lighting　Fluctuation”　，　Journal　of　the　lnstitute　of　Systems，

　　　Control　and　lnformation　Engineers，　Vol．11，　No．10，　pp．546－553，　Oct．

　　　1998．　（in　Japanese）

［38］　N．　Yamamoto，　K．　Sigeneri　and　T．　Shakunage，　”Virtual　Subspace

　　　Method　for　Robust　Face　Recognition　Free　with　Lighting　Condi－

　　　tions”　，　Technical　report　of　lnstitute　of　Electronics，　lnformation　and

　　　Communication　Engineers，　PRMU99－208，　pp．31－38，　Jan．　2000．　（in

　　　Japanese）

［39］　S．　Akamatsu，　T．　Sakaki，　H．　Fukamachi　and　Y．　S　uenaga，　”Robust

　　　Face　ldentification　by　Pattern　Matching　Based　on　KL　Expansion　of

　　　the　Fourier　Spectrum”　，　Journal　of　lnstitute　of　Electronics，　lnforma－

　　　tion　and　Communication　Engineers，　Vol．J76－D－II，　No．7，　pp．1363－

　　　1373，　July　1993．　（in　Japanese）

［40］　T．　Kurita，　H．　Shimai，　T．　Takahashi　and　T．　Shigehara，　”Integration

　　　of　Viewpoint　Dependent　Classifiers　for　Viewpoint　lnvariant　Face

　　　Recognition”　，　Technical　report　of　lnstitute　of　Electronics，　lnforma－

　　　tion　and　Communication　Engineers，　PRMU99－170，　pp．35－42，　Dec．

　　　1999．　（in　Japanese）

［41］　M．　Kitada　and　K．　Kotani，　”Face　ldentification　Based　on　Morphol－

　　　ogy　Analysis　of　Face　lmage”，　The　Special　lnterest　Group　Notes

　　　of　lnformation　Processing　Society　of　Japan，　98－CVIM－109，　No．5，

　　　pp．65－72，　1998．　（in　Japanese）

［42］S．Umeyama，　T．　Kurita　and　S．　Akaho，，，A　New　Face　Iden七i丘一

　　　cation　Method　Using　Supervised　lndependent　Component　Analy－

　　　sis”，　Technical　report　of　lnstitute　of　Electronics，　lnformation　and

78

栂．・

【ゴ趨，i



　　　　Communication　Engineers，　PRMU99－27，　pp．59－66，　June　1999．　（in

　　　　Japanese）

［43］　Y．　Hirayama　and　O．Nakamura，　”A　Robust　Person　ldentification

　　　　System　for　Appearance　Change　with　Expression”，　Technical　report

　　　of　lnstitute　of　Electronics，　Information　and　Communication　Engi－

　　　neers，　PRMU97－13，　pp．17－24，　Nov．　1999．　（in　Japanese）

［44］　H．　Sakano　and　N．　Mukawa，　”Kernel　Mutual　Subspace　Method　and

　　　It’s　Application　to　Face　Recognition”，　Technical　report　of　lnsti－

　　　tute　of　Electronics，　lnformation　and　Communication　Engineers，

　　　PRMU99－116，　pp．111－116，　Nov．　1999．　（in　Japanese）

［45］　N．　Futamura，　K．　Okada，　S．　Akamatsu，　K．　Mori　and　Y．　Suenaga，

　　　”An　ICA　based　on　representation　of　facial　images　and　its　applica－

　　　tion　for　face　recognition　systems”，　Technical　report　of　lnstitute　of

　　　Electronics，　lnformation　and　Communication　Engineers，　PRMU99－

　　　180，　pp．21－28，　Dec．　1999．　（in　Japanese）

［46］　D．　Pramadhanto，　H．　Wu　and　M．　Yachida，　”Face　Identification　under

　　　Varying　Pose　Using　a　Single　Example　View”，　Journal　of　lnstitute

　　　of　Electronics，　lnformation　and　Communication　Engineers，　Vol．J80－

　　　D－II，　No．8，　pp．2232－2238，　Aug．　1997．　（in　Japanese）

［47］　M．　Kosugi，　”Human－Face　Recognition　Using　Mosaic　Pattern　and

　　　Neural　Networks”，　Journal　of　Insti七ute　of　Electronics，　Infbrma七ion

　　　and　Communication　Engineers，　Vol．J76－D－II，　No．6，　pp．1132－1139，

　　　June　1993．　（in　Japanese）

［48］　S．　Maeda，　M．　Okamoto，　T．　Kawahara，　M．　Minoh，　K．　lkeda　and

　　　S．　Doshita，　”Individual　ldentification　by　lntegrating　Facial　lmage，

　　　Walking　Image　and　Voice　Feature”，　Journal　of　Institute　of　Elec－

　　　tronics，　lnformation　and　Communication　Engineers，　Vol．J79－D－II，

　　　No．4，　pp．600－607，　April　1996．　（in　Japanese）

［49］K．Hisatomi　and　S．　Hashimoto，”Face　Recognition　Using　Distribut－

　　　ed　and　Cooperative　Agent　System”，　Technical　report　of　lnstitute　of

　　　Electronics，　lnformation　and　Communication　Engineers，　PRMU97－

　　　133，　pp．25－30，　Nov．　1997．　（in　Japanese）

［50］N．’1七〇and　H．　Tominaga，”A　Method　of　Identify　Verification　by

　　　Temporal　Facial　Expression，，，　Jour：nal　of　Institute　of　Elec七ronic－

　　　s，Infbrmation　and　Communica七ion　Engineers，　Vbl．J78－D－II，　No．9，

　　　pp．1315－1324，　Sept．　1995．　（in　Japanese）

79

、
購

　
灘

　灘議



［51］　Y．　Tanaka，　Y．　Mekada，　M．　Kasuga　and　H．　Yoshikawa，　”A　Feature

　　　based　on　effective　divisions　for　Personal　ldentification”，　Technical

　　　report　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　Engineers，　HCS99－50，　pp．69－74，　Oct．　1999．　（in　Japanese）

［52］　R．　Sukthankar　and　R．　Stockton，　”ARGUS：　An　Automated　Multi－

　　　Agent　Visitor　ldentification　System”，　Proceedings　of　The　1999　Na－

　　　tional　Conference　on　Artificial　lntelligence　（AAAI’99），　pp．208－213，

　　　July　1999．

［53］　S．　Akamatsu，　”Computational　Studies　on　KANSEI　lnformation

　　　Conveyed　by　Human　Face”，　Journal　of　Japan　Society　for　Fuzzy

Theory　and　Systems，　Vol．10，

Japanese）

No．2，　pp．225－235，　April　1998．　（in

［54］　H．　Yamada，　”Research　on　the　Recognition　of　Facial　Expressions　of

　　　Emo七ion　and　the　Image　Processing　Technology”，　Technical　report

　　　of　lnstitute　of　Electronics，　lnformation　and　Communication　Engi－

　　　neers，　PRMU99－140，　pp．49－56，　Nov．　1999．　（in　Japanese）

［55］　A．　Morisak　and　T．　lnui，　”Representation　of　Faces　in　Similarity

　　　Judgment”　，　Technical　report　of　lnstitute　of　Electronics，　lnformation

　　　and　Communication　Engineers，　PRU95－87，　pp．37－42，　July．　1995．　（in

　　　Japanese）

［56］　T．　Takasaki，　M．　Yamaguchi，　S．　Yoshikawa　and　S．　Akamatsu，

　　　”Validity　of　gender　classification　and　gender　j　udgment　of　faces　一

　　　Comparison　between　faces　of　different　age　groups一”，　Technical　re－

　　　port　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　Engineers，　HIP95－34，　pp．49－54，　Jan．　1996．　（in　Japanese）

［57］　M．　Nomura　and　K．　Kakehi，　”The　effects　of　partial　and　configural

　　　information　on　recognition　of　a　false　smile”，　Technical　report　of　ln－

　　　stitute　of　Electronics，　lnformation　and　Communication　Engineers，

　　　HCS98－45，　pp．43－50，　Jan．　1999．　（in　Japanese）

［58］　M．　Nishitani，　S．　Yoshikawa　and　S．　Akamatsu，　”Characteristics　of

　　　average　faces，，，　Tech：nical　report　of　Institu七e　of　Electronics，　Infor。

　　　mation　and　Communication　Engineers，　HCS98－42，　pp．23－30，　Jan．

　　　1999．　（in　Japanese）

［59］　T．　Kato，　D．　Ama，　K．　Morioka　and　S．　Akamatsu，　”Is　facial　attrac－

　　　tiveness　determined　by　any　particular　facial　part？”，　Technical　re一

80

灘購灘綴灘灘，叢灘懸懸・灘．鱗1懸叢 瀞

畿羅懇灘講欝，



　　　　port　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　　Engineers，　HIP97－53，　pp．17－22，　March　1998．　（in　Japanese）

［60］　M．　Yamaguchi，　T．　Kato　and　S．　Akamatsu，　”Relationship　Between

　　　　Physical　’lh7aits　and　Subjective　lmpression　of　the　Face　一Age　and　Sex

　　　　Information”，　Journal　of　lnstitute　of　Electronics，　lnformation　and

　　　　Communication　Engineers，　Vol．J79－A，　No．2，　pp．279－287，　Feb．　1996．

　　　　（in　Japanese）

［61］　T．　Tsujii，　”Configural　and　surface－based　processing　in　face　recog－

　　　　nition”，　Technical　report　of　lnstitute　of　Electronics，　lnformation

　　　　and　Communication　Engineers，　HCS98－32，　pp．1－8，　Oct．　1998．　（in

　　　　Japanese）

［62］　R．　Nagayama，　H．　Yoshida，　M．　Miyatani　and　T．　Toshima，　”The

　　　　study　of　relationship　between　facial　expression　analysis　and　per－

　　　　son　identity　processing　in　face　recognition：　Analysis　using　spatial

　　　　filtering　and　priming　paradigm”，　Technical　report　of　lnstitute　of

　　　　Electronics，　lnformation　and　Communication　Engineers，　HCS97－

　　　　23，　pp．9－16，　Jan．　1998．　（in　Japanese）

［63］　T．　Kato　and　S．　Akamatsu，　”Multimodal　Characteristics　of　Facial－

　　　　Expression　Judgment”，　Technical　report　of　lnstitute　of　Electronics，

　　　　Information　and　Communication　Engineers，　HIP98－24，　pp．17－22，

　　　　Sept．　1998．　（in　Japanese）

［64］　M．　Miyoshi，　”The　event－related　brain　potential　study　of　face　recog－

　　　　nition　processes”　，　Technical　report　of　lnstitute　of　Electronics，　lnfor－

　　　mation　and　Communication　Engineers，　H　CS98－35，　pp．33－39，　Oct．

　　　　1998．　（in　Japanese）

［65］　T．　Kato，　M．　Nishimura，　Y．　Matsubara，　M．　Samukawa，　K．　Hattori

　　　and　S．　Akamatsu，　”Feature　Saliency　in　Facial－Expression　Judg－

　　　ment”，　Technical　report　of　lnstitute　of　Electronics，　lnformation

　　　and　Communication　Engineers，　HCS98－3，　pp．13－18，　June　1998．　（in

　　　Japanese）

［66］　S．　Shibui，　H．　Yamada，　Y．　ltsukushima　and　T．　Sato，　”Categorization

　　　Methods　of　Facial　Expressions”，　Technical　report　of　lnstitute　of

　　　Electronics，　lnformation　and　Communication　Engineers，　HCS97－

　　　　22，　pp．1－8，　Jan．　1998．　（in　Japanese）

［67］　M．　Oda，　M．　Yamaguchi，　T．　Ogawa　and　S．　Akamatsu，　”Facial　expres－

　　　sion　recognition　and　synthesis　based　on　photographs”，　Technica1

81

講灘羅灘



　　　report　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　Engineers，　HIP99－35，　pp．13－18，　Nov．　1999．　（in　Japanese）

［68］　N．　Wada　and　K．　Maiya，　”Cognitive　structure　of　facial　expressions

　　　of　emotions　in　Japanese：　Re－experiment　with　Japanese　facial　ex－

　　　pressions”　，　Technical　report　of　lnstitute　of　Electronics，　lnformation

　　　and　Com．munication　Engineers，　HCS98－44，　pp．39－42，　Jan．　1999．　（in

　　　Japanese）

［69］　S．　Yoshikawa　and　A．　Morisaki，　”Sending　emotional　message　by　fa－

　　　cial　expressions”，　Technical　report　of　lnstitute　of　Electronics，　lnfor－

　　　mation　and　Communication　Engineers，　HCS98－43，　pp．31－38，　Jan．

　　　1999．　（in　Japanese）

［70］　T．　Kato，　M．　lshikawa　and　S．　Akamatsu，　”The　Mere　Exposure　Effect

　　　for　Facial　Expression”，　Technical　report　of　Institute　of　Electronic－

　　　s，　lnformation　and　Communication　Engineers，　HCS99－13，　pp．7－12，

　　　June　1999．　（in　Japanese）

［71］　N．　Wada　and　K．　Maiya，　”A　Study　on　Japanese　Facial　Expressions：

　　　On　the　lnfluence　of　Observers　and　Monitor　TV　upon　Expressions　of

　　　Emotions，，，Technical　report　of　lnsti七u七e　of　Electronics，　Infbrmation

　　　and　Communication　Engineers，　HCS99－15，　pp．17－20，　June　1999．　（in

　　　Japanese）

［72］　A．　Miura　and　K．　Maiya，　”A　Study　on　Japanese　Facial　Expressions：

　　　An　Experiment　on　the　Cognition　of　Facial　Expressions　in　Western

　　　Movies”，　Technical　report　of　lnstitute　of　Electronics，　lnformation

　　　and　Communication　Engineers，　HCS99－14，　pp．13－16，　June　1999．　（in

　　　Japanese）

［73］　M．　Yamaguchi，　M．　Oda，　N．　Ogawa　and　S．　Akamatsu，　”Psycholog－

　　　ical　judgment　on　composed　facial　expressions　by　P　CA”，　Technical

　　　report　of　lnstitute　of　Electronics，　lnformation　and　Communication

　　　Engineers，　HIP98－53，　pp．9－15，　March　1999．　（in　Japanese）

［74］　H．　Umemura，　H．　Watanabe　and　K．　Matsuoka，　”An　investigation　on

　　　recognition　of　facial　expressions　using　3－D　animation　stimuli”　，　Tech－

　　　nical　report　of　lnstitute　of　Electronics，　lnformation　and　Communi－

　　　cation　Engineers，　PRMU99－179，　pp．15－20，　Dec．　1999．　（in　Japanese）

［75］　M．　Kosugi，　K．　Ohnuki　and　H．　Ashiya，　”Retrieva1　of　Similar　Faces　by

　　　Using　Coarse　and　Fine　Gray－Level　Mosaics”　，　Journal　of　lnstitute　of

82

鯉懸　　　　　．

鑛灘灘購灘難褻、．



　　　　Electronics，　lnformation　and　Communication　Engineers，　Vol．J80－

　　　　D－II，　No．8，　pp．2218－2224，　Aug．　1997．　（in　Japanese）

［76］　M．　Sakauchi，　”lmage　Retrieval　Technology”，　Journal　of　lnstitute

　　　　g－f　Electronics，　lnformation　and　Communication　Engineers，　Vol．　71，

　　　　No．9，　pp．911－914，　Sept．　1988．　（in　Japanese）

［77］　一M．　Oda，　”An　lmage　Retrieval　System　that　Uses　Human　Cognitive

　　　　Properties　on　lmage　Concept　Formation”，　Journal　of　lnforniation

　　　　Processing　Society　of　Japan，　Vol．35，　No．7，　pp．1449－1456，　July　1994．

　　　　（in　Japanese）

［78］　M．　Oda　and　T．　Kato，　”An　Efficient　Mechanism　for　the　Face　lm－

　　　　age　Retrieval　System”，　Proceedings　of　9th　Symposium　of　Human

　　　Interface，　pp．83－90，　Oct．　1993．　（in　Japanese）

［79］　M．　Oda，　S．　Akamatsu　and　H．　Fukamachi，　”Adaptability　of　K－L　Ex－

　　　pansion　Technique　for　Ambiguous　Face　Image　RetrievaP，　Journal

　　　of　lnstitute　of　Electronics，　lnformation　and　Communication　Engi－

　　　neers，　Vol．　J　79－A，　No．2，　pp．288－297，　Feb．　1996．　（in　Japanese）

［80］　M．　Yamashiro，　S．　Endo，　K．　Yamada，　A．　Ohuchi　and　M．　Oda，　”Face

　　　image　retrieval　method　based　on　extended　C．4．5”，　Journal　of　ln－

　　　stitute　of　Electronics，　lnformation　and　Communication　Engineers，

　　　Vol．　J79－D－II，　No．12，　pp．1－3，　Dec．　1996．　（in　Japanese）

［81］　M．　Oda　and　T．　Kato，　”The　Role　of　Facial　Features　in　the　Retrieval

　　　of　Facial　lmage”，　Technical　report　of　The　lnstitute　of　lmage　ln－

　　　formation　and　Television　Engineers，　Vol．17，　No．38，　pp．37－42，　June

　　　1993．　（in　Japanese）

［82］T・Kat・and　M　Oda，”lndirec七Measurement・f　Feature　Saliency

　　　in　Face　Processing”　，　Journal　of　The　lnstitute　of　lmage　lnformation

　　　and　Television　Engineers，　Vol．　49，　No．8，　pp．1068－1077，　Aug．　1995．

［83］　M．　Oda　and　T．　Kato，　”What　kinds　of　Facial　Features　Are　Used　in

　　　Face　Retrieval？”，　Proceedings　of　IEEE　lnternational　Workshop　on

　　　Robot　and　Human　Communication，　pp．265－270，　July　1993．

［84］　M．　Oda　and　T．　Kato，　”AN　EVALUATION　OF　FEATURE

　　　SALIENCY　OF　FACES　FOR　IMPROVING　THE　AMBIGUOUS－e
　　　FACE　RETRIEVAL　SYSTEM”，　Proceedings　of　15th　lnternational

　　　Symposium　on　Human　Factors　in　Telecommunications，　pp．415－417，

　　　March　1995．

83

n．藤

凛

灘懸難灘難羅難
勤

詠ぺ！



［85］　M．　Oda，　”Are　ambiguous　images　uncertain？”，　Technical　report　of

　　　Institute　of　Electronics，　lnformation　and　Communication　Engineer－

　　　s，　HIP96－10，　pp．53－58，　June　1996．　（in　Japanese）

［86］　M．　Oda，　S．　Akamatsu　and　H．　Fukamachi，　”Similarity　judgment　of　a

　　　face　by　K－L　expansion　technique　based　on　a　comparison　to　human

　　　judgment”，　Proceedings　of　JAPAN－ISRAEL　international　Work－

　　　s．hop　on　Computer　Vision　and　Visual　Communication，　pp．25－30，

　　　Oct．　1994．

［87］　M．　Oda，　”Context　Dependency　Effect　in　the　Formation　lmage　Con－

　　　cepts　and　its　Application”，　Proceedings　of　1991　IEEE　lnternational

　　　Conference　on　Systems，　Man　and　Cybernetics，　pp．1673－1678，　1991．

［88］　G．　Taguchi，　”Diagnosis　of　Signal－to－Noise　Ratio”，　Journal　of

　　　Quality　Engineering　Society，　Vol．2，　No．4，　pp．2－7，　Aug．　1994．　（in

　　　Japanese）

［89］　G．　Taguchi，　”Diagnosis　of　Signal－to－Noise　Ratio　（2）　Selection　of

　　　Measurements”，　Journal　of　Quality　Engineering　Society，　Vol．2，

　　　No．5，　pp．2－5，　Oct．　1994．　（in　Japanese）

［90］　G．　Taguchi，　”Multi－Variate　Sensing　System　Design”，　Journal　of

　　　Quality　Engineering　Society，　Vol．3，　No．1，　pp．2－7，　Feb．　1995．　（in

　　　Japanese）

［91］　G．　Taguchi，　”Mathematics　for　Quality　Engineering　一Quality　Engi－

　　　neering　as　a　general　measure　of　functionality”，　Journal　of　Quality

　　　Engineering　Society，　Vol．6，　No．6，　pp．5－10，　Dec．　1998．　（in　Japanese）

［92］　M．　Nakatsugawa，　D．　Jin，　S．　Teshima　and　A．　Ohuchi，　”An　Appli－

　　　cation　of　MTS　for　Detect　lnspection　of　Circuit　Pattern　Model”，

　　　Proceedings　of　International　Workshop　on　Soft　Computing　in　In－

　　　dustry，　pp．192－197，　June　1999．

［93］　M．　Nakatsugawa，　M．　Yamamoto，　K．　Suzuki，　A．　Ohuchi，　D．　Jin　and

　　　S．　Teshima，　”Prediction　of　Kan－sei　Model　using　MTS”　，　Proceedings

　　　of　The　Australia　Society　for　Operations　Research　lnc．　Queensland

　　　Branch　and　ORSJ　Hokkaido　Chapter　Joint　Workshop，　pp．914－926，

　　　July　1999．

［94］　H．　Asabara，　Y．　Ota，　S．　Takeda，　M．　Marumoto　and　T．　Sato，　”Pattern

　　　Recognition　of　lnfrared　Absorption　Spectrum　Analysis　Using　Ma一

84

噛
ず
」

・
W
㎡

．
q
． 　

　
　
購難

繊

尻
，



　　　halanobis　Distance”，　Journal　of　Quality　Engineering　Society，　Vol．7，

　　　No．2，　pp．53－59，　April　1999．　（in　Japanese）

［95］　T．　Kamoshita，　K．　Tabata，　H．　Okano，　K．　Takahashi　and　H．　Yano，

　　　”Optimization　of　a　Multi－dimensional　lnformation　System　Using

　　　Mahalanobis　Distance　一　The　Case　of　Fire　Alarm　System一”，　Journal

　　　of　Quality　Engineering　Society，　Vol．4，　No．3，　pp．54－68，　June　1996．

　　　（in　Japanese）

［96］　T．　Kamoshita，　”Functionary　Evaluation　of　Fire　Alarm　System”，

　　　Journal　of　Quality　Engineering　Society，　Vol．7，　No．3，　pp．87－92，　June

　　　1999．　（in　Japanese）

［97］　K．　Mizoguchi，　A．　Kawai，　K．　Hamada　and　T．　Kamoshita，　”A　Re－

　　　search　on　A　Sensing　System　Using　Mahalanobis　Distance　for　Pre－

　　　vention　of　Driving　Accidents”，　Journal　of　Quality　Engineering　So－

　　　ciety，　Vol．7，　No．3，　pp．79－86，　June　1999．　（in　Japanese）

［98］　S．　Sakano，　”A　Study　of　Bills　Recognition　using　MTS”，　Journal　of

　　　Quality　Engineering　Society，　Vol．8，　No．3，　pp．58－64，　June　2000．　（in

　　　Japanese）

［99］　R．　Matsuda，　Y．　lkeda，　T．　Kamoshita　and　K．　Tobara，　”Application

　　　gf　IYIqhalanobis　Taguchi　System　to　the　Fault　Diagno．sis　Program　一

　　　A　Software　Study　for　the　Future　Spacecraft　（Part　1）L”，　Journal　of

　　　Quality　Engineering　Society，　Vol．7，　No．5，　pp．55－61，　Oct．　1999．　（in

　　　Japanese）

［100］　R．　Matsuda，　Y．　lkeda，　T．　Kamoshita　and　K．　Tobara，　”Application

　　　　of　Mahalanobis　Taguchi　System　to　Sensor　Fault　Detection　一A　Soft－

　　　　ware　Study　for　the　Future　Spacecraft　（Part　II）一”，　Journal　of　Quality

　　　　Engineering　Society，　Vol．8，　No．1，　pp．65－69，　Feb．　2000．　（in　Japanese）

［101］　R．　Matsuda，　Y．　lkeda，　T．　Kamoshita　and　K．　Tobara，　”Application

　　　　of　Orthogonalization　Technique　to　the　Fault　Diagnosis　Program　一A

　　　　Software　Study　for　the　Future　Spacecraft　（Part　III）一”，　Journal　of

　　　　Quality　Engineering　Society，　Vol．8，　No．2，　pp．61－67，　April　2000．　（in

　　　　Japanese）

［102］　S．　Teshima　and　H．　Kubo，　”A　Study　on　Pattern　Recognition　us－

　　　　ing　Mahalanobis　Space”，　Proceedings　of　The　Australia　Society　for

　　　　Operations　Research　lnc．　Queensland　Br’anch　and　ORSJ　Hokkaido

　　　　Chapter　Joint　Workshop，　pp．1269－1279，　July　1999．

85



［103］　S．　Teshima，　D．　Jin，　T．　Bando　and　H．　Toyoshima　and　H．

　　　　　Kubo，　”Development　of　Printed　Letter　lnspection　Technique　Us－

　　　　　ing　Mahalanobis－Taguchi　System”，　Journal　of　Quality　Engineering

　　　　　Society，　Vol．8，　No．2，　pp．68－74，　April　2000．　（in　Japanese）

［104］　S．　Teshima，　T．　Bando　and　D．　Jin，　”A　Research　of　Defects　Detec－

　　　　tion　Using　the　Mahalanobis－Taguchi　System　Method”，　Journal　of

　　　　　Quality　Engineering　Society，　Vol．6，　No．6，　pp．74－81，　Oct．　1997．

［105］　T．　Suzuki，　K．　Takada，　M．　Takabashi　and　H．　Yano，　”A　Technique

　　　　for　the　evaluation　of　programming　ability　based　on　MTS”，　Journal

　　　　of　Quality　Engineering　Society，　Vol．8，　No．4，　pp．57－64，　Aug．　2000．

　　　　　（in　Japanese）

［106］　H．　Shibano　and　H．　Yasunaga，　”Application　of　Mahalanobis　Taguchi

　　　　System　for　Corporate　Performance　Diagnosis”，　Journal　of　Quality

　　　　Engineering　Society，　Vol．7，　No．4，　pp．41－48，　Aug．　1999．　（in　Japanese）

［107］　G．　Taguchi，　”Application　of　Mahalanobis　Distance　for　Medical

　　　　Treatment”，　Journal　of　Quality　Engineering　Society，　Vol．2，　No．6，

　　　　pp．2－6，　Dec．　1994．　（in　Japanese）

［108］　K．　Ikeda，　”Functionality　Evaluation　of　Wearing　Comfort”，　Journal

　　　　of　Quality　Engineering　Society，　Vol．7，　No．5，　pp．73－76，　Oct．　1999．

　　　　（in　Japanese）

［109］　R．　Hasegawa，　1．　Kabe　and　K．　Noji，　”Application　of　MTS　on　the　Re－

　　　　liability　Improvement　of　Final　Diagnosis　in　Health　Examination”，

　　　　Journal　of　Quality　Engineering　Society，　Vol．7，　No．2，　pp．67－74，　April

　　　　1999．　（in　Japanese）

［110］　R．　Hasegawa，　1．　Kabe，　K．　Noj　i　and　T．　Kanetaka，　”Relativity　Im－

　　　　provement　and　Economic　Evaluation　of　a　Health　Examination　Us－

　　　　ing　Schmidt　Orthogonalization　Method”，　Journal　of　Quality　Engi－

　　　　neering　Society，　Vol．8，　No．1，　pp．45－50，　Feb．　2000．　（in　Japanese）

［111］　S．　Tanaka，　M．　Yamamoto，　K．　Suzuki　and　A．　Ohuchi，　”Application

　　　　of　Mahalanobis－Taguchi　System　to　the　Prediction　of　the　Prevalence

　　　　of　lnfectious　Diseases”，　Proceedings　of　17th　Annual　ASI’s　Taguchi

　　　　Methods　Symposium，　pp．143－157，　Oct．　1999．

［112］　G．　Taguchi，　”Weather　Forecasting　System　with　Mahalanobis　Dis一

　　　　七ance（1）Short　Term　Forecasting”，Journal　of　Quality　Engineering

　　　　Society，　Vol．3，　No．6，　pp．3－7，　Dec．　1995．　（in　Japanese）

86

“
冗

腕

幽
新

騨
．
．職

誤
「
藩

・
灘

ぶ
コ
ヨ
リ
　
ほ

懸
・
’
「
鰯

ロ
　
コ
に
セ

鑛
灘

ロ
　

ニ
　
め

「
鯉
劔鞭



［113］　G．　Taguchi，　”Weather　Forecasting　and　Quality　Engineering　The

　　　　case　of　a　long－term　prediction”，　Journal　of　Quality　Engineering　So－

　　　　ciety，　Vol．4，　No．1，　pp．2－6，　Feb．　1996．　（in　Japanese）

［114］　G．　Taguchi，　”Earthquake　Prediction　and　Quality　Engineering”，

　　　　Journal　of　Quality　Engineering　Society，　Vol．3，　No．3，　pp．2－6，　June

　　　　1995．　（in　Japanese）

［115］　H．　Nakajima，　K．　Takada，　H．　Yano，　Y．　Shibamoto，　1．　Takagi，　M．　Ya－

　　　　mauchi　and　G．　Toda，　”Forecasting　of　the　Future　Health　From　Exist－

　　　　ing　Medical　Examination　Results　Using　Mahalanobis　Taguchi　Sys－

　　　　tem”　，　Journal　of　Quality　Engineering　Society，　Vol．7，　No．4，　pp．49－57，

　　　　Oct．　1999．　（in　Japanese）

［116］　G．　Taguchi，　”Quality　Engineering　for　Pattern　Recognition”，　Journal

　　　　of　Quality　Engineering　Society，　Vol．3，　No．2，　pp．2－5，　April　1995．　（in

　　　　Japanese）

［117］　G．　Taguchi，　”Pattern　Recognition　and　Quality　Engineering”，　Jour－

　　　　nal　of　Quality　Engineering　Society，　Vol．3，　No．4，　pp．2－5，　Aug．　1995．

　　　　（in　Japanese）

［118］　G．　Taguchi，　”Discussions　on　Voice　Pattern　Recognition　Systems”，

　　　　Journal　of　Quality　Engineering　Society，　Vol．3，　No．5，　pp．3－7，　Oct．

　　　　1995．　（in　Japanese）

［119］　D．　D．　Frey，　”Application　of　Wavelets　and　Mahalanobis　Distances　to

　　　　Robust　Design　of　An　lmage　Classification　System”，　Proceedings　of

　　　　17th　Annual　ASI’s　Taguchi　Methods　Symposium，　pp．198－208，　Oct．

　　　　1999．

［120］　G．　Taguchi　and　R．　Jugulum，　”Role　of　S／N　ratios　in　Multivariate

　　　　Diagnosis”，　Journal　of　Quality　Engineering　Society，　Vol．7，　No．6，

　　　　pp．63－69，　Dec．　1999．

［121］　G．　Taguchi　and　R．　Jugulum，　”Quality　Loss　Function　in　Multivariate

　　　　Diagnosis”，　Journal　of　Quality　Engineering　Society，　Vol．8，　No．4，

　　　　pp．47－52，　Aug．　2000．

［122］　M．　Nakatsugawa　and　A．　Ohuchi，　”An　Evaluation　of　the　Simple　Ef－

　　　　fect’s　Dispersion　for　the　Term－optimization　in　MTS”，　Proceedings

　　　　of　The　2nd　Joint　International　Workshop　ORSJ－The　Operations

87

鍾



Research　Society　of　Japan，　Hokkaido　Chapter　and　ASOR一　The　Aus－

tralian　Society　for　Operations　Research　lnc．，　Queensland　Branch，

pp．293－300，　June　2000．

［123］　M．　Nakatsugawa，　M．　Yamamoto，　K．　Suzuki　and　A．　Ohuchi，　”A　S－

　　　　tudy　on　The　Construction　of　Effective　Mahalanobis　Space”，　Pro－

　　　　ceedings　of　17th　Annual　ASI’s　Taguchi　Methods　Symposium，

　　　　pp．110－123，　Oct．　1999．

［124］　G．　Taguchi，　”Application　of　Schmit’s　Orthogonalization　in　Maha－

　　　　lanobis　Space”　，　Journal　of　Quality　Engineering　Society，　Vol．5，　No．6，

　　　　pp．11－15，　Dec．　1997．　（in　Japanese）

［125］　R．　Jugulum，　S．　Taguchi　and　K．　Yang，　”New　Developments　in　Mul－

　　　　tivariate　Diagnosis：　Comparison　between　Two　Methods”，　Journal

　　　　of　Quality　Engineering　Society，　vbl．7，　No．5，　PP．62－68，0ct．1999．

［126］　R．　Jugulum，　”Some　lnteresting　Thoughts　in　Mautivariate　Diag－

　　　　nosis”，　Proceedings　of　Quality　Engineering　Symposium，　pp．65－68，

　　　　June　1999．

［127］　H．　Takagi，　T．　Unemi　and　T．　Terano，　”Perspective　on　lnteractive

　　　　Evolutionary　Computing”　，　Journal　of　Japanese　Society　for　Artificial

　　　　Intelligence，　Vol．13，　No．5，　pp．693－703，　Sept．　1998．　（in　Japanese）

［128］　H．　Takagi　and　K．　Aoki，　”Interactive　Evolutionary　C　omputing　from

　　　　creativity　support　to　engineering　applications”，　Proceedings　of　ln－

　　　　teractive　Evolutionary　Computing　Workshop，　pp．1－6，　March．　1998．

　　　　（in　Japanese）

［129］　R．　Dawkins，　Y．　Nakajima，　A．　Endo，　T．　Endo　and　T．　Hikida　（trans．），

　　　　”The　Blind　Watchmaker”，　HAYAKAWA－SHOBOU，　Tokyo，　1993．
　　　　（in　Japanese）

［130］　T．　Unemi，　”Genetic　Algorithms　and　Computer　Graphics　Arts”，

　　　　Journal　of　Japanese　Socie七y　fbr　Artificial　Intelligence，　Vb1．9，　No．4，

　　　　pp．518－523，　July　1994．　（in　Japanese）

［131］　K．　Aoki　and　H．　Takagi，　”lnteractive　GA－Based　Design　Support　Sys－

　　　　tem　for　Lighting　Design　in　3－D　Computer　Graphics”，　Journal　of　ln－

　　　　stitute　of　Elec七ronics，　Infbrmation　and　Communication　Engineers，

　　　　Vol．J81－D－II，　No．7，　pp．1601－1608，　July　1998．　（in　Japanese）

88



［132］　Y．　Nakanishi，　”Control　and　Evaluation　of　lnteractive　Evolutionary

　　　　System　with　a　Preference　Function：　Applying　Genetic　Program－

　　　　ming　to　Design　Aid　System”　，　Journal　of　Japanese　Society　for　Artifi－

　　　　cial　lntelligence，　Vol．13，　No．5，　pp．704－711，　Sept．　1998．　（in　Japanese）

［133］　H．　Kim　and　S．　Cho，　”Development　of　an　IGA－based　Fashion　Design

　　　　Aid　System　with　Domain　Specific　Knowledge”，　Proceedings　of　1999

　　　　1EEE　lnternational　Conference　on　Systems，　Man，　and　Cybernetics，

　　　　Vol．III，　pp．663－668，　Oct．　1999．

［134］　J．　A．　Biles，　”Life　with　GenJam”，　Proceedings　of　1999　IEEE　ln－

　　　　ternational　Conference　on　Systems，　Man，　and　Cybernetics，　Vol．III，

　　　　pp．652－656，　Oct．　1999．

［135］　T．　Mutoh，　N．　Komagata　and　K．　Ueda，　”An　Experimental　Study　for

　　　　Automatically　Generating　lmage　Filter　Sequence　by　Using　Simulat－

　　　　ed　Breeding”，　Proceedings　of　lnteractive　Evolutionary　Computing

　　　　Workshop，　pp．7－12，　March．　1998．　（in　Japanese）

［136］　H．　Takagi　and　M．　Ohsaki，　”IEC－based　Hearing　Aid　Fitting”，　Pro－

　　　　ceedings　of　1999　IEEE　lnternational　Conference　on　Systems，　Man，

　　　　and　Cybernetics，　Vol．III，　pp．657－662，　Oct．　1999．

［137］　S．　Cho，　”Applying　lnteractive　Genetic　Algorithm　to　Content－based

　　　　Image　Retrieval：　A　Preliminary　Result”，　Proceedings　of　lnterac－

　　　　tive　Evolutionary　Computing　Workshop，　pp．19－24，　March．　1998．

　　　　（in　Japanese）

［138］　A．　Kitamoto　and　M．　Takagi，　”lnteractive　lmage　Browsing　Us－

　　　　ing　Pipeline－type　Genetic　Algorithm”，　Proceedings　of　In七eractive

　　　　Evolutionary　Computing　Workshop，　pp．31－36，　March．　1998．　（in

［139］　A．　Kitamoto　and　M．　Takagi，　”lnteractive　lmage　Browsing　Using

　　　　Queue－Based　Genetic　Algorithm”，　Journal　of　Japanese　Society　for

Arti丘cial　Intelligence，　Vbl．13，

Japanese）

No．5，　pp．728－738，　Sept．　1998．　（in

［140］　C．　Caldwell　and　V．　S．　Johnston，　”T）racking　a　Criminal　Suspec－

　　　　t　through　Face－Space　with　a　Genetic　Algorithm”，　Proceedings　of

　　　　International　Conference　on　Genetic　Algorithms，　pp．416421，　1991．

89

も些ジ．、



［141］　K．　lsono，　M．　Oda　and　S．　Akamatsu，　”A　Facial　lmage　Generating

　　　　System　Based　on　a　Genetic　Algorithm”　，　Journal　of　lnstitute　of　Elec－

　　　　tronics，　lnformation　and　Communication　Engineers，　Vol．J82－D－II，

　　　　No．3，　pp．483－493，　March　1999．　（in　Japanese）

［142］　N．　Monmarche，　G．　Nocent，　M．　Slimane，　G．　Venturini　and　P．　San－

　　　　tini，　”Imagine：　a　tool　for　generating　HTML　style　sheets　with　an

　　　　interactive　genetic　algorithm　based’　on　genes　frequencies”，　Proceed一一

　　　　ings　of　1999　IEEE　lnternational　Conference　on　Systems，　Man，　and

　　　　Cybernetics，　Vol．III，　pp．640－645，　Oct．　1999．

［143］　K．　Kuriyama，　T．　Terano　and　M．　Numao，　”Authoring　Support　by　ln－

　　　　teractive　Genetic　Algorithm　and　Case　Based　Reasoning”　，　Proceed－

　　　　ings　of　Interactive　Evolutionary　Computing　Workshop，　pp．13－18，

　　　　March．　1998．　（in　Japanese）

［144］　L．　Pagliarini，　H．　H．　Lund，　O．　Miglino　and　D．　Parisi，　”Artificial

　　　　Life：　A　New　Way　to　Build　Educational　and　Therapeutic　Games．”，

　　　　ALIFE－V，　pp．152－156，　May　1996．

［145］　M．　Fujii　and　T．　Furuhashi，　”A　Study　of　lnteraction　between　Hu－

　　　　mans　and　Systems　Using　Fuzzy　Classifier　System”，　Proceedings　of

　　　　Interactive　Evolutionary　Computing　Workshop，　pp．37－41，　March．

　　　　1998．　（in　Japanese）

［146］　M．　Tabuchi　and　T．　Taura，　”Methodology　for　lnteractive　Knowledge

　　　　Acquisition　between　Genetic　Learning　Engine　and　Human”　，　Journal

　　　　of　Japanese　Society　for　Artificial　lntelligence，　Vol．11，　No．4，　pp．600－

　　　　607，　July　1996．　（in　Japanese）

［147］　M．　Ohsaki　and　H．　Takagi，　”Reduction　of　the　Fatigue　of　Human

　　　　Interactive　EC　Operators　一lmprovement　of　Present　lnterface　by

　　　　Prediction　of　Evaluation　Order一”，　Journal　of　Japanese　Society　for

　　　　Artificial　lntelligence，　Vol．13，　No．5，　pp．712－719，　Sept．　1998．　（in

　　　　Japanese）

［148］　H．　Takagi，　M．　Ohsaki　and　T．　lngu，　”The　Methods　to　Reduce　of　Hu－

　　　　man　lnteractive　EC　Operators”，　Proceedings　of　lnteractive　Evolu－

　　　　tionary　Computing　Workshop，　pp．47－52，　March．　1998．　（in　Japanese）

［149］　T．　Unemi，　”A　User　lnterface　for　Simulated　Breeding　using　Multi－

　　　　field”，　Proceedings　of　Interactive　Evolutionary　Computing　Work一一

　　　　shop，　pp．42－45，　March．　1998．　（in　Japanese）

90

1灘灘灘灘灘灘難　… 鎚

、ゆ霜　．



［150］　F．　Sugimoto，　K．　Nishio　and　N．　Honda，　”A　Method　of　Fitness　As一一

　　　　signment　in　lnteractive　Genetic　Algorithm　Using　Fuzzy　Reason－

　　　　ing　Based　on　Psychological　Measure”，　Journal　of　Japanese　Society

　　　　for　Artificial　lntelligence，　Vol．13，　No．5，　pp．739－745，　Sept．　1998．　（in

　　　　Japanese）

［151］　S．　Kato　and　S．　lisaku，　”A　Proposal　of　How　to　Make　Good　Use　of

　　　　the　Personal　History　lnformation　Refiecting　User　Subj　ectivity　in　An

　　　　Image　Retrieval　Technique　using　GAs”，　Technical　report　of　The　ln一一

　　　　stitute　of　Electronics，　lnformation　and　Communication　Engineers，

　　　　AI97－10，　pp．71－78，　May　1997．　（in　Japanese）

［152］　M．　Shibuya，　H．　Kita　and　S．　Kobayashi，　”lntegration　of　Multi－

　　　　objective　Genetic　Algorithm　and　its　Application　to　Animation　to

　　　　Animation　Design”，　Proceedings　of　1999　IEEE　lnternational　Con－

　　　　ference　on　Systems，　Man，　and　Cybernetics，　Vol．III，　pp．646－651，　Oct．

　　　　1999．

91

　
　
　
λ
膳

灘



2．1 Introduction

Facial　expression　of　human　is　a　medium　to　communicate　with　other　per－

son　smoothly　and　an　indicator　to　represent　psychological　state　［1］［2］．

Human　adap七ably　changes　own　behavior　by　inferring　other　person，s　psy－

chological　state　from　facial　expression．　ln　addition，　human　sends　own

information　to　other　person　by　using　facial　expression．　lt　is　obvious　that

flexible　and　adaptable　computer　environment　can　be　implemented　if　fa－

cial　expressions　can　be　used　in　the　communication　between　computer　and

human．

From　such　a　background，　the　research　to　implement　effective　commu－

nication　between　computer　and　human　by　providing　computer　with　the

function　which　can　recognize　facial　expression　of　human　has　been　world－

wide　carried　out　［3］［4］［5］．　However，　the　high　recognition　performance

in　facial　expression　recognition　is．　not　achieved　because　ambiguity　and

personal　equation　have　to　be　considered　in　facial　expression　recognition．

Therefore，　it　is　required　to　establish　effective　method　for　facial　expression

recognition．

　On　the　o七her　hand，　human　has七he　ability　which　can　flexibly　recognize

facial　expression．　For　this　fact，　the　research　that　clarifies　human’s　cog－

nitive　structure　for　facial　expression　is　carried　out　in　order　to　develop

effective　facial　expression　recognition　method　［6］［7］．　As　indicated　by　this

research，　it　is　quite　likely　that　an　effective　method　for　facial　expression

recognition　can　be　implemented　if　the　excellent　ability　of　human　for　facial

expression　recognition　can　be　refiected　to　the　recognition　on　computer．

　Recently，　the　Maha1anobis－Taguchi　System　（MTS）　has　been　proposed

by　Taguchi［8］．　The　MTS　is　one　of　sta七istical　pa七tern　recogni七ion　methods

92



developed　to　implement　the　pattern　recognition　which　can　reflect　human’s

sensuous　knowledge　for　object　recognition．　The　MTS　has　the　following

features　to　implement　the　pattern　recognition　which　can　reflect　human’s

sensuous　knowledge．　The　multi－dimensional　training　data　for　the　pat－

tern　recognition　are　collected　by　a　human．　The　correlations　among　the

attributes　which　are　common　in　a　set　of　the　collected　multi－dimensional

training　data　are　automatically　extracted．　The　Mahalanobis　space　which

can　consider　the　extracted　correlations　is　constructed．　The　pattern　recog－

nition　of　unknown　datum　is　performed　by　using　the　Mahalanobis　distance

which　is　one－dimensional　evaluation　criterion　calculated　on　the　basis　of

the　Mahalanobis　space．　That　is，　the　pattern　recognition　which　can　reflect

human’s　sensuous　knowledge　is　implemented　by　combining　the　pattern

recognition　on　computer　with　the　sensuous　obj　ect　recognition　which　is

performed　by　a　human．　Moreover，　in　the　MTS，　the　effective　attributes　for

the　recognition　can　be　re－extracted　by　using　recognition　result．　Namely，

七he　optimization　of　at七ributes　can　be　perfbrmed．　For　this　effectiveness，

recently，　the　MTS　has　been　applied　to　handwritten　word　recognition　and

voice　recognition　on　unspecified　user　［9］［10］［11］．

　In　this　chapter，　I　propose　a　facial　expression　recognition　based　on七he

MTS．　Especially，　1　treat　the　facial　expression　recognition　in　the　station－

ary　facial　image．　The　facial　expression　is　not　expressed　by　one　internal

feature　on　face　such　as　eyes，　nose　and　mouth　but　is　expressed　by　the

relation　of　some　internal　features．　lt　is　likely　that　the　MTS　is　effective

for　the　facial　expression　recognition　because　the　MTS　can　consider　the

correlation　among　the　attributes　of　the　multi－dimensional　data．　In　a　fa－

cial　expression，　there　exists　difference　on　each　person．　However，　it　is

reported　that　there　exists　a　common　facial　expression　pattern　on　a　fa－

cial　expression．　The　MTS　can　perform　the　recognition　considering　this

common　facial　expression　pattern　because　the　MTS　can　automatically

丘nd　the　correla七ions　among　the　attributes　which　are　common　in　a　set

of　muki－dimensional　data．　Moreover，　this　facial　expression　pattern　can

be　confirmed　because　the　MTS　can　re－extract　effective　attributes　for　the

recognition．　The　optimization　of　attributes　can　also　reduce　the　comput－

mg　cost．

　In　the　conventional　MTS，　the　optimization　of　the　attributes　using　the

orthogonal　array　is　performed．　The　orthogonal　array　is　the　combinations

of　attributes　to　decrease　the　number　of　experiments．　The　optimization

based　on　main　effects，　i．e．，　the　average　of　simple　effects，　is　performed

when　the　optimization　is　performed　by　using　orthogonal　array．　That
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is，　the　optimization　which　does　not　consider　the　relation　among　the　at－

tributes　in　the　multi－dimensional　data　is　performed．　To　solve　this　prob－

lem，　in　this　chapter，　1　also　propose　an　optimization　method　based　on　the

Genetic　Algorithm．　Finally，　1　confirm　the　effectiveness　of　the　proposed

facial　．expression　recognition　and　optimization　method　through　practical

experiment　using　some　subj　ects．

　This　chapter　is　organized　as　follows：　ln　Section　2，　the　facial　image　and

the　image　processing　used　in　my　study　will　be　explained．　ln　Section

3，　1　will　propose　a　facial　expression　recognition　based　on　the　MTS．　I

will　describe　the　experimental　method　using　some　subjects　in　Section　4．

The　experimental　result　will　be　mentioned　in　Section　5．　ln　Section　6，　I

will　propose　an　optimization　method　based　on　the　Genetic　Algorithm．

Finally，　1　will　finish　this　chapter　with　the　conclusions．

2e2 Facial　lmage　Processing

2・2．1　Facial　lmage

In　this　study，　1　employ　the　stationary　facial　image　as　the　recognition

target．　The　studies　on　the　facial　expression　recognition　using　the　facial

image　sequence　are　carried　out　［12］［13］．　However，　1　use　the　stationary

facial　image　because　a　large　amount　of　image　processing　time　and　the

special　device　are　needed　to　use　the　facial　image　sequence．　The　facial

image　used　in　this　study　is七he　frontal　facia1　image七aken　by　a　monochrome

camera．　The　detail　of　facial　image　is　as　follows．

e　The　size　of　facial　image　is　300　×　300　pixels．

e　The　gradation　of　pixel　is　256．

e　The　background　color　is　white．

e　lt　does　not　include　hair　and　glasses．

Figure　2．1　shows　an　example　of　facial　image　used　in　my　study．　The　facial

images　are　taken　in　my　laboratory　with　special　lighting　device．　Moreover，

the　facial　images　are　taken　by　using　the　baselines　for　the　position　of　eyes，

nose　and　mouth　（white　lines　in　Figure　2．1）．　These　facial　images　include

a　little　fluctuation　of　face　size　and　position．　The　MTS　can　implement

robust　pattern　recognition　by　giving　noise　to　the七raining　data　because

the　pattern　recogni七ion　based　on　the　MTS　is　perfbrmed　on　the　basis　of

t．he　correlations　which　are　common　in　a　set　of　multi－dimensional　training
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Figure　2．1：　An　example　of　facial　image

data．　Thus，　1　do　not　carry　out　the　perfect　normalization　of　the　size　and

position　of　facial　image　in　order　to　implement　the　robustness　against　the

fluctuations　on　the　size　and　position．

　The　facial　expressions　treated　in　this　study　are　7　facial　expressions；

anger，　disgus七，　fear，　happiness，　neutral，　sadness　and　surprise．　It　has

been　reported　that　each　of　six　facial　expressions　（anger，　disgust，　fear，

happiness，　sadness　and　surprise）　has　a　common　facial　expression　pattern．

In　addition，　these　are　used　frequently　in　the　facial　expression　recognition．

1　employ　the　Facial　Action　Cording　System　（FACS），　which　is　used　in　the

psychological　field，　when　1　take　the　facial　image　on　each　facial　expression

［14］．　The　FACS　has　been　proposed　by　Ekman．　The　FACS　is　a　system　to

describe　facial　expression　by　combining　the　movement　of　muscles　on　face．

In　the　FACS，　the　muscles　on　the　surface　of　the　face　are　divided　into　44

par七s　called　Action　Uni七（AU）．　An　arbitrary　facial　expression　is　described

by　combining　some　AUs．　I　use　it　to　express　the　facial　expressions　but　do

not　treat　it　as　the　attribute　for　the　recognition，　since　facial　expression

in　the　FACS　is　expressed　based　on　the　amount　of　movement　of　muscle，

i．e．，　AU．　The　FAC　S　can　make　it　easy　to　express　the　facial　expressions，

and　each　person　can　express　the　similar　facial　expression　on　each　facial

expression．　That　is，　the　difference　of　facial　expression　on　each　person　can

be　reduced．

2．2．2　Edge　Extraction

It　seems　reasonable　to　suppose　that　the　size　and　position　of　the　internal

features　on　the　face　are　effective　for　the　facial　expression　recognition．　I

extract　the　edge　in　the　facial　image　to　obtain　the　information　of　these

sizes　and　positions．
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1　adopt　the　Global　Range　Edge　Detection　Method　in　the　edge　extraction

［15］．　This　method　decides　the　edge　in　the　image　data　on　the　basis　of

the　deviation　of　gradation　value　in　pixel．　The　edge　extraction　using

the　Global　Range　Edge　Detection　Method　is　performed　by　the　following

formulas　．

・i”一1毒11｛（P乞一・，ゴー1＋Pi，ゴー・＋Pi＋・，ゴー1）一

　　　　　　　　　　　（P臼，ゴ＋・＋Pi，ゴ＋・＋Pi＋、，ゴ＋1）｝ （2．1）

0，2・」　一一一一一一　一

狽奄狽戟ni，　．1　g｛（Pi一一i，」一i　＋　Pi－i，」　＋　Pi一一一i，」＋i）　一一一

　　　　　　　　　　　（Pi＋1，ゴー・＋Pi＋・，ゴ＋P乞＋・，ゴ＋1）｝ （2．2）

鴫一1毒ll｛（Pi－1，ゴ＿1十Pi，ゴ＿1一トPi＿1，ゴ）一

　　　　　　　　　　　（Pi＋・，ゴ＋P乞，ゴ＋・＋Pi＋・，ゴ＋、）｝ （2．3）

砥「毒ll｛（酬P乞＋・ゴー・＋囲一

　　　　　　　　　　　（Pi－i“’　＋　Pi－i，i’＋i　＋　1）i“’＋i）｝ （2．4）

剛＝
1　¢＋1　ゴ＋1

百。景、，畢一1P裂・ （2．5）

lOi」1－mαコじ（1碑ゴ1，…，陽1） （2．6）

lai」1　｝ii　iL　＋　cr （2．7）

μ一
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Nel　gitb　or　ing

Pattern　3
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　Pattern　4

一　Pixel　（i，j）

Figure　2．2：　Neighboring　patterns

a＝

　　　　1M一一一一iN一一一一iA　l
MN互島1器（偽一μ）2 （2．9）

pi，」・　：　The　gradation　value　at　pixel　（i，7’）

Ii2・　：　The　average　of　gradation　value　in　the　neighb　orhood　at　pixel

　　　　　　（i，ゴ）

aij　：　The　deviation　of　the　gradation　value　in　the　neighboring

　　　　　　pattern　of　pixel　（i，j）

pa　：　The　average　of　the　deviation　in　the　neighboring　pattern　at

　　　　　　all　pixels　of　the　image

σ　　：The　standard　deviation　of七he　deviation　in　the　neighboring

　　　　　　pattern　at　all　pixels　of　the　image

M　：　The　width　of　the　image

N　：　The　height　of　the　image

The　Global　Range　Edge　Detection　Method　investigates　the　deviations

a七fbur　neighboring　patterns　of　a　certain　pixel，　which　are　described　in

formula　（2．1）　一　（2．4）　and　are　shown　in　Figure　2．2．　lf　the　maximum　value

of　the　deviation　at　a　certain　pixel　exceeds　the　sum　of　the　average　and

the　standard　deviation　of　the　deviation　in　the　neighboring　pattern　at　all

pixels　of　the　image，　this　method　j　udges　the　pixel　as　the　edge．　Figure　2．3

shows　an　example　of　the　edge　extracted　facial　image．
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Original　F　acial　image E　dige　E　xtr　act　edl

　Facial　image

2．3

Figure　2．3：　An　example　of　the　edge　extracted　facial　image

Facial　Expression　Recognition　based　on　the　MT－
s

The　detail　of　facial　expression　recognition　based　on　the　MTS　is　described

below．

2．3．1　Recognition　Process

The　process　of　facial　expression　recognition　based　on　the　MTS　is　as　fol－

lows：

　1．　Collection　of　the　facial　images　on　each　facial　expression

　2．　Edge　extraction　of’the　collected　facial　images

　3．　Extraction　of　attributes　from　the　edge　extracted　facial　images

4．　Construction　of　the　Mahalanobis　space　on　each　facial　expression

　5．　Facial　expression　recognition　of　unknown　facial　images　based　on　the

　　　　Mahalanobis　distance

　6．　Optimization　of　attributes　based　on　the　recognition　result

As　mentioned　in　Section　2，　the　facial　images　are　collected　on　each　fa－

cial　expression．　The　edge　extraction　is　perfbrmed　on七he　collec七ed　fa－

cial　images　by　using　the　Global　Range　Edge　Detection　Method．　Then，

the　attributes　are　extracted　from　the　edge　extracted　facial　images．　The

　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　98

獺灘醗鍵…難灘懸．．



灘

Mahalanobis　space　is　constructed　on　each　facial　expression　from　these

extracted　attributes．　The　facial　expression　recognition　of　unknown　facial

image　is　performed　by　using　the　Mahalanobis　distance　between　the　Maha－

lanobis　spaces　and　unknown　facial　image．　Finally，　the　effective　attributes

for　recognizing　each　facial　expression　are　re－extracted　on　the　basis　of　the

recognition　result．　The　detail　of　each　step　is　shown　below．

逗

2．3．2 Extraction　of　Attribute

The　attributes　used　for　the　recognition　are　extracted　from　the　edge　ex－

tracted　facial　images．　ln　the　case　where　binary　image　datum　or　wave

fbrm　is　employed　as　the　recogni七ion　target，　the　a七tributes　based　on　dif－

ferential　characteristic　and　integral　characteristic　are　frequently　utilized

in　the　recognition　based　on　the　MTS．　The　differential　characteristic　in－

dicates　the　changes　of　element　in　the　data，　similar　to　the　concept　of

frequency．　The　integral　characteristic　indicates　the　distance　of　element

in　the　data．　lt　is　reported　that　the　effective　pattern　recognition　can　be

implemented　by　using　the　attributes　based　on　these　characteristics　［16］．

The　extraction　methods　of　the　attributes　based　on　these　characteristics

for　the　facial　image　are　shown　below．

1．　Differential　characteristic：　ln　the　extraction　of　the　attributes

　　based　on　the　differential　characteristic，　h　equally　spaced　parallel　lines

　　are　drawn　on　the　facial　image，　which　is　shown　in　Figure　2．4．　The

　　numb　er　of　changes　in　pixel　value　along　each　line　is　taken　as　the

　　attribute　based　on　the　differential　characteristic．　lf　the　facial　image

　　is　a　comple七e　line－draw　image　as　shown　in　Figure　2．4，　the　attribute

　　equals　the　number　of　the　intersecting　points　on　each　line．　Figure

　　2．4shows　the　ex七raction　method　of　this　attribute　along　the　row　of

　　facial　image．　The　attributes　based　on　this　characteristic　are　also

　　calculated　down　the　columns　on　the　facial　image．　lt　is　ideal　that　the

　　lines　are　drawn　on　each　row　and　column　of　pixels　in　the　facial　image．

　　However，　t　he　numb　er　of　lines　can　be　modified　in　order　to　reduce

　　the　computational　cost．　The　attributes　based　on　the　differential

　　characteristic　along　the　rows　are　calculated　by　the　following　formula．

DFh　＝＝
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Figure　2．4：　An　example　of　the　attributes　based　on　the　differential　characteristic　and　the

integral　characteristic
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DFh　：
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Pi，ゴ

●
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The　attribute　based　on　the　differential　character－

istic　on七he　lineん

The　variable　to　investigate　the　change　of　the　pixel

value　on　t　he　facial　image．

The　value　of　pixel　（i，2’）　on　the　line　h　in　the　edge

extracted　facial　image

The　width　of　the　facial　image

2．　Integral　characteristic：

　　As　shown　in　Figure　2．4，　h　parallel　lines　and　a　center　line　are　drawn

　　fbr　the　ex七raction　of七he　a七tributes　based　on七he　integral　character。

　　istic・The　cen七er　line　is　a　line　to　halve　the　facial　image　along　the

　　rows　or　down　the　columns．　The　Euclidean　distances　between　the

　　edges　on　line　h　and　the　center　line　are　computed．　The　sum　of　these

　　Euclidean　distances　is　taken　as　the　attribute　based　on　the　integral

　　characteristic．　The　attributes　based　on　the　integral　characteristic

　　along　the　rows　are　calculated　by　using　the　following　formula．
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INh　＝

ei，1’　一一”

M
Σe乞，ゴ（i－cn）2

」’＝1

　　1　if　the　pixel　pi，2一　is　edge

　　O　otherwise

（2．11） ’蛎

INh

ei“’

cn

：　The　attribute　based　on　the　integral　characteristic

　　on　the　line　h

：　The　variable　to　investigate　whether　the　pixel　pi，j

　　is　edge　or　not

：　The　center　line　on　the　facial　image　（cn　＝　M／2）

　The　attribute　based　on　these　characteristics　are　much　easier　to　collect

and　deal　with　than　KL　expansion　which　is　frequently　used　in　face　recog－

nition　［17］．　Moreover，　the　amount　of　calculation　is　much　smaller　than

KL　expansion．

2．3．3　Construction　of　Mahalanobis　Space

The　Mahalanobis　space　is　constructed　from　the　attributes　extracted　with

the　differential　and　the　in七egral　characteris七ics．　The　Mahalanobis　space

is　a　space　which　can　consider　the　correlations　among　the　attributes　in

multi－dimensional　da七a．　The．　recognition　based　on　the　MTS　is　performed

by　judging　whether　unknow＝n　datum　belongs　to　the　Mahalanobis　space

or　not．　The　Mahalanobis　distance　between　the　unknown　datum　and

the　Mahalanobis　space，　and　a　threshold　are　employed　in　order　to　make

this　judgment．　The　construction　method　of　the　Mahalanobis　space　from

training　data　and　the　calculation　method　of　the　Mahalanobis　distance

between　unknown　da七um　and　the　Mahalanobis　space　are　omitted　here

because七hey　are　described　in　Sec七ion　60f　Chapter　1．

The　Mahalanobis　distance　takes　a　value　close　to　l　or　smaller　than　1
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　つ

when　the　datum　to　recognize　is　very　similar　to　the　average　of　the　training

data　which　are　used　to　construct　the　Mahalanobis　space．　On　the　o七her

hand，　its　value　rapidly　increases　when　the　datum　differs　from　the　average

of　the　training　data　which　are　used　to　construct　the　Mahalanobis　space．

Generally，　the　probability　of　belonging七〇the　Mahalanobis　space　is　very

small　if　this　value　exceeds　4．

As　mentioned　above，　the　MTS　is　a　pattern　recognition　method　to　divide

the　da七a　in七〇two　kinds　which　are　the　data　which　belong　to　the　Maha－

lanobis　space　and　the　data　which　does　not　belong　to七he　Mahalanobis
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space．　However，　seven　Mahalanobis　spaces　have　to　be　treated　in　this　s－

tudy　because　there　are　7　facial　expressions．　There　is　the　possibility　that

the　Mahalanobis　space　which　the　unknown　da七um　belongs　to　can　not　be

decided，　if　the　threshold　is　employed　in　order　to　recognize　the　unknown

datum．　Therefore，　the　method　based　on　minimum　Mahalanobis　distance

is　employed　in七his　s七udy　instead　of　the　threshold．　Namely，　The　Ma－

halanobis　distance　between　each　Mahalanobis　space　and　unknown　facial

image　is　calculated　and　then　the　unknown　facial　image　is　j　udged　to　belong

to　the　Mahalanobis　space　which　has　shortest　Mahalanobis　distance．

．麗

2．4　Experimental　Method

1　designed　the　experiment　to　confirm　the　effectiveness　of　the　proposed

facial　expression　recognition．　ln　this　experiment，　ten　students　were　re－

cruited　from　Hokkaido　University．　The　subjects　were　divided　into　two

groups．　The　facial　images　for　the　training　data　were　taken　from　one

group．　The　facial　images　taken　from　another　group　were　used　as　the

unknown　facial　images．

　First　of　all，　1　asked　the　subjects　to　express　a　facial　expression．　Next，　I

showed　the　photograph　on　the　facial　expression　which　is　inserted　in　the

Ekman’s　literature　to　the　subject．　Following　this，　1　explained　the　AUs

and　the　change　of　face　on　the　facial　expression．　After七his　explanation，

the　subj　ect　practiced　expressing　the　facial　expression　with　a　mirror．　The

subj　ect　continued　the　practice　until　the　subj　ect　could　express　the　facial．

expression　based　on　the　FACS．　1　started　to　take　the　facial　images　on　the

facial　expression　after　this　practice．　The　subjects　did　not　use　a　mirror　in

taking　the　facial　images．　However，　I　gave　the　explanation　to　the　subj　ects

again　if　the　facial　expression　which　the　subject　expressed　considerably

differed　from七he　facial　expression　based　on　the　FACS．　I　res七arted　to

take　the　facial　image　after　the　subject　practiced　expressing　the　facial

expresslon　agam．
　Itook　20　facial　images　from　a　subject　on　each　facial　expression．　The

reason　why　I　took　20　facial　images　from　a　subject　is　that　many　training

data　are　required　for　the　construction　of　a　Mahalanobis　space．　Moreover，

the　robustness　against　difference　on　facial　expression　can　be　implement－

ed　by　taking　various　facial　images　on　a　facial　expression．　Therefore，　a

Mahalanobis　space　on　each　facial　expression　is　constructed　from　100　fa－

cial　images．　ln　addition，　1　used　700　facial　images　as　the　unknown　facial

images，　which　are　taken　from　other　5　subj　ects．　Figure　2．5　shows　an　ex一
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Figure　2．5：　An　example　of　the　facial　image　on　each　facial　expression

ample　of　the　facial　image　used　as　the　training　facial　image　on　each　facial

expresslon．
　1　set　the　lines　at　intervals　of　12　pixels　for　the　extraction　of　the　attributes

based　on　the　differential　and　integral　characteristics．　The　number　of

attributes　along　the　rows　was　48　and　that　down　the　columns　was　also　48．

Therefore，　1　constructed　the　Mahalanobis　space　from　96　attributes．

Moreover，　1　designed　two　kinds　of　experiment　in　order　to　compare　with

the　proposed　facial　expression　recognition．　These　experiments　are　as

follows．

1．　Facial　expression　recognition　using　Euclidean　distance　and

　　Mosaic　attribute　（MOSAIC）：　The　facial　images　on　each　facial

　　expression　were　converted　into　100　x　100　mosaic　facial　images．　The

　　average　of　gradation　value　was　calculated　in　each　region　of　training

　　facial　images　on　each　facial　expression．　The　average　of　this　average

　　on　each　facial　expression　is　calculated　on　each　region．　The　Euclidean

　　distance　between　the　unknown　datum　and　the　average　of　each　fa－

　　cial　expression　was　calculated．　The　unknown　datum　was　j　udged　to

　　belong　to　the　facial　expression　which　had　the　smallest　Euclidean

　　distance．

2．　Facial　expression　recognition　with　Euclidean　distance　and

　　the　attributes　based　on　the　differential　and　integral　char－

　　acteristics　（D＆1）：　The　attributes　based　on　the　differential　and

103

購灘＿灘・
　灘哩　・議．．・

’

購灘籔灘懸羅醗鰹懇灘．．



integral　characteristics　were　extracted　on　each　facial　expression．　The

averages　of　these　attributes　in　the　training　facial　images　on　each　fa－

cial　expression　were　calculated．　The　Euclidean　distances　between

the　attributes　based　on　the　differential　and　integral　characteristics

which　are　extracted　from　the　unknown　facial　image　and　the　averages

of　the　attributes　on　the　training　facial　images　of　each　facial　expres－

sion　were　calculated．　The　unknown　facial　image　was　j　udged　to　be

facial　expression　which　had　shortest　Euclidean　distance．　1　designed

this　experiment　in　order　to　confirm　the　effectiveness　of　considering

the　correlations　among　the　attributes　in　mul七i－dimensional　data　on

the　MTS．

lrk’・＃

2．5 Experimental　Result

The　experimental　results　are　shown　in　Table　2．1　and　Figure　2．6．

Table　2．1　indicates　the　rate　which　unknown　facial　images　on　each　facial

expression　were　correctly　recognized．　ln　MOSAIC，　the　recognition　rate

was　low　excluding　Happiness　and　Surprise．　The　position　and　shape　of　the

internal　features　on　face　considerably　change　in　Happiness　and　Surprise．

That　is，　it　is　easy　to　distinguish　the　facial　expression　of　Happiness　and

Surprise　from　other　facial　expressions．　Therefore，　it　is　likely　that　the　high

recognition　performance　could　be　implemented　in　Happiness　and　Surprise

of　MOSAIC．　However，　the　rate　was　low　in　Anger，　Disgust，　Fear，　Neutral

and　Sadness．　The　shape　and　position　of　one　or　some　internal　features　on

face　are　similar　to　them　on　other　facial　expressions．　Therefore，　it　might

be　difficult　to　recognize　these　facial　expressions　by　using　the　Euclidean

distance　which　could　not　consider　the　relations　among　the　internal　fea－

tures　on　face．　On　the　other　hand，　the　results　on　MTS　revealed　that七he

proposed　facial　expression　recognition　could　correctly　recognize　the　fa－

cial　images　on　7　facial　expressions．　From　the　results　of　I＆D，　i七seemed

that　the　feature　of　considering　the　correlations　among　the　attributes　in

multi－dimensional　data　was　main　cause　of　high　recognition　performance．

　The　rate　of　correct　recognition　in　MOSAIC　is　higher　than　1＆D．　There－

fbre，　i七may　be　that　the　facial　expression　recognition　based　on　the　com－

bination　of　the　MTS　and　the　Mosaic　attribute　is　effective　in　comparison

with　the　recognition　based　on　the　combination　of　the　MTS　and　1＆D．

However，七en　thousand　attribu七es　are　required　for　the　construction　of　a

Mahalanobis　space　in　the　case　of　100　x　100　Mosaic　image．　This　number

of　attributes　is　too　many　to　construct　the　Mahalanobis　space．　Thus，　it　is
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園田

Anger　Disgust　Fea■　Happin．ess　Neutral　Sadness　Surprise

MOSAIC 52 38 55 73 43 65 81

D＆1 70 53 10 82 42 48 59

MTS 100 100 100 100 100 100 100

Table　2．1：　Recognition　result　（％）

0

　
0
0
肌
田
0
0
m
W
O
O
O
O
O
O
m
W
O
O
O

㎜
9
・
8
・
η
6
・
5
・
4
・
3
・
2
・
伯

ω
り
自
一
u
晦
哨
（
H
d
碍
O
で
＝
9
コ
旧
円

Recognition　based　on

Euclidean　Distance

含3
↑

ま
マ・‘

◆　　o

ま・
φ

“　。
■4：ノゆ’

鵡 9 6　ボ 訟訴 卜 亀
き・

コし；
●■ へ

も　　　．

？’

4 9．

｝

A D F H N Sd S ｝

i

1

1

　　　　　　　　　　　　　ロ　　　　　ロ

Facial　Image　Number

ooo

12

0

1
　
　
　
　
8
　
　
　
　
β
　
　
　
4
　
　
　
2

　
　
　
　
a
　
　
　
　
O
　
　
　
　
O
　
　
　
　
O

O
り
目
一
均
。
嘱
（
H
o
駐
哨
の
O
壽
一
邸
琵
§
角 0

Recognition　based　on

Mahalanobis　Distance

A D F H N Sd Sp
…

　　■
@　亀X 　6@●｡

，　　　　　尋

’㌻，

｡　●←

　　等うの

@　，

噸』‘施．㌦　■

悔・、．◆

`’

i
｝o 榊
…

i

…

A：Anger　D：Disgust　F：Fear　H：Happiness　N：Neutral　S　d：Sadness

細㎜　
　
・
㎜

評
即㎜

謡

翫
趾
　
　
　

Figure　2．6：　Mahalanobis　and　Euclidean　distances　of　unknown　facial　images

likely　that　more　effective　facial　expression　recognition　can　be　implement－

ed　by　combining　some　Mosaic　attributes　with　some　attributes　based　on

the　differential　and　integral　characteristics．

Moreover，　Figure　2．6　shows　the　Mahalanobis　distances　and　Euclidean

distances　of　the　unknown　facial　image　which　were　correctly　recognized

in　MTS　and　MOSAIC，　respectively．　ln　MOSAIC，　the　wide　distribution

of　Euclidean　distances　on　each　facial　expression　was　indicated．　On　the

other　hand，　1　found　that　the　Mahalanobis　distances　of　all　unknown　facial

images　were　smaller　than　1．1　in　MTS．　Judging　from　this　result，　it　is　likely

that　facial　expression　using七hreshold　might　be　able七〇be　implemen七ed

in　the　facial　expression　recognition　based　on　the　MTS．

2．6 Optimization　of　Attributes

1　used　96　attributes　for　the　recognition　in　the　above　experiment　based　on

the　MTS．　ln　this　Section，　1　attempt　to　re－extract　the　attributes　which

significantly　contribute　to　recognition　on　each　facial　expression．　This　op一
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timization　can　reduce　the　computational　cost．　ln　the　conventional　MTS，

the　optimization　of　attribute　is　performed　by　using　orthogonal　array，

Signal／Noise　ratio　（SN　ratio）　and　factorial　effect．　ln　the　optimization

using　them，　the　effectiveness　of　attribute　for　the　recognition　is　estimated

based　on　the　main　effect；　i．e．，　the　average　of　simple　effect．　Thus，　the

relation　among　attributes　is　not　considered　in　the　estimation　of　the　effec－

tiveness．　To　solve　this　problem，　1　propose　an　optimization　method　using

the　Genetic　Algorithm　［18］．　The　optimization　process　of　this　method　is

as　follows．

1．　Collection　of　abnormal　data：　The　aim　of　this　optimization　is

　　to　construct　new　Mahalanobis　space　which　can　increase　the　Maha－

　　lanobis　distance　of　the　facial　images　which　do　not　belong　to　the　Ma－

　　halanobis　space　by　changing　the　combination　of　the　attributes　which

　　are　used　for　the　construction　of　the　Mahalanobis　space．　Therefore，

　　the　facial　images　which　does　not　belong　to　the　Mahalanobis　space　of

　　the　optimization　target　are　needed．　These　facia｝　images　which　do　not

　　belong　to　the　target　Mahalanobis　space　are　called　abnormal　data．　I

　　collect　the　facial　images　used　to　construct　the　Mahalanobis　spaces

　　except　the　optimization　target　Mahalanobis　space　and　the　facial　im－

　　ages　judged　to　belong　to　the　Mahalanobis　space　except　optimization

　　target　as　the　abnormal　data．　For　example，　the　facial　images　which

　　are　used　to　construct　the　Mahalanobis　spaces　of　Anger，　Disgust，

　　Fear，　Neu七ra1，　Sadness　and　Surprise　and　the　facial　images　j　udged　to

　　belong　to　these　Mahalanobis　spaces　are　treated　as　the　abnormal　data

　　when　the　optimization　target　is　the　Mahalanobis　space　of　Happiness．

　　Thus，　the　total　number　of　abnormal　data　is　1200．

2．　Creation　of　the　population：　In　this　optimization，　the　combi－

　　nation　of　the　attributes　is　searched　in　order　to　construct　the　effec－

　　tive　Mahalanobis　space．　Therefore，　the　combination　of　attributes　to

　　construct　the　Mahalanobis　space　is　coded　to　an　individual．　ln　the

　　individual，　O　represents　that　its　at七ribute　is　not　used七〇construct　the

　　Mahalanobis　space　and　1　represents　that　its　attribute　is　used，　respec－

　　tively．　Therefore，　the　length　of　the　individual　is　96．　The　population

　　which　consists　of　50　individuals　is　created　in　this　optimization．

3．　Reconstruction　of　the　Mahalanobis　space　based　on　each　in－

　　dividual：　New　Mahalanobis　spaces　are　constructed　by　using　the

　　attributes　corresponding　to　the　individuals　in　the　population．　There－

　　fore，　fifty　Mahalanobis　spaces　are　reconstructed　for　a　population．
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4．　Calculation　of　the　fitness　on　the　individual：　The　SN　ratio

　　is　employed　to　evaluate　the　effectiveness　of　the　Mahalanobis　spaces

　　which　are　constructed　in　accordance　with　the　individuals．　Namely，

　　1　use　the　SN　ratio　as　the　fitness　value　on　the　individual．　There　are

　　three　kinds　of　SN　ratio．　The　different　kind　of　S　N　ratio　is　properly

　　used　in　accordance　with　the　purpose．　The　larger－the－better　type　of

　　SN　ratio　is　used　in　the　case　where　the　abnormal　data　are　used　in

　　the　optimization　（cf．　Section　6　of　Chapter　1）．　The　larger－the－better

　　type　of　the　SN　ratio　is　calculated　on　the　basis　of　the　Mahalanobis

　　distances　of　the　abnormal　data．　The　larger－the－better　type　of　SN

　　ratio　is　the　criterion　which　represents　the　disj　unction　between　the

　　abnormal　data　and　the　Mahalanobis　space．　Therefore，　the　increase

　　of　this　SN　ratio　indicates　that　the　abnormal　data　does　not　belong

　　the　Mahalanobis　space．　That　is，　the　correct　recognition　of　abnormal

　　data　can　be　performed．　The　SN　ratio　is　calculated　by　the　following

　　formula．

　　　　　　　　　　1．1　1　1
n　一　一一ioiogh（5r，　＋　Ss，　”’”　15E’） （2．12）

n　：　SN　ratio

n　：The　number　of　the　abnormal　data　collec七ed　in　the　process　1

5．　Selection：　The　individuals　which　become　the　parents　in　next　gen－

　　eration　are　decided　on　the　basis　of　its　fitness．　1　employ　the　roulette

　　strategy　and　allow　the　duplication．　In　the　roulette　strategy，　the　indi－

　　viduals　are　stochastically　selected　as　the　parents　in　accordance　with

　　its　fitness　value．

6．　Crossover：　ln　the　crossover　operation，　new　two　individuals　are

　　generated　from　the　parents．　I　use　one　point　crossover　as七he　crossover

　　operator　in　order　to　promote　the　convergence　speed．　The　crossover

　　rate　is　O．1．

7．Mutation：The　muta七ion　operation　inver七s　stochastically七he　value

　　on　the　locus　of　the　individual．　1　employ　O．Ol　as　the　mutation　rate．

　This　process　is　repeated　until　50　generations．　The　individual　which　has

largest　fitness，　namely　the　SN　ratio，　is　treated　as　the　optimized　attributes．

Table　2．2　shows　the　number　of　the　optimized　attributes　on　each　facial

expression．　This　result　indicated　that　the　number　of　attributes　can　be
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Anger Disgust Fear Happiness Neutral Sadness Surprise

Table　2．2：　The　number　of　the　optimized　attributes
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Figure　2．7：　Optimization　result

reduced　to　about　50　from　96．　Moreover，　1　found　from　Figure　2．7　that　the

effective　attributes　for　each　facial　expression　were　different　from　other

facial　expressions．

2．7 Conclusion

In　this　chapter，　1　proposed　a　facial　expression　recognition　based　on　the

MTS　and　confirmed　the　effectiveness　of　the　proposed　facial　expression

recognition　through　the　practical　experiment　with　some　subj　ects．　From

the　experimental　results，　1　found　that　the　MTS　was　effective　for　facial

expression　recognition　in　comparison　with　facial　expression　recognition

based　on　the　Euclidean　distance．　lt　is　likely　that　the　consideration　of
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the　correlations　among　the　attributes　in　multi－dimensional　data　was　ef－

fective　for　the　facial　expression　recognition．　Moreover，　1　proposed　an

optimization　method　using　the　Genetic　Algorithm．　The　optimization　re－

sult　revealed　that　the　proposed　optimization　method　could　reduce　the

number　of　attributes　to　about　half．　However，　the　computational　cost

is　high　in　the　proposed　optimization　method　because　many　Mahalanobis

spaces　have　to　be　constructed．　This　problem　may　be　improved　by　combin－

ing　the　Genetic　Algorithm　with　conventional　optimization　method　using

orthogonal　array．　This　is　one　of　my　feature　works．

　The　facial　expressions　used　in　this　study　were　based　on　FACS．　The

preliminary　experiments　made　it　clear　that　there　were　considerable　d－

ifferences　among　the　subjects　on　a　facial　expression　in　the　case　where

FACS　was　not　used．　For　this　fact，　it　is　important　to　implement　the　fa－

cial　expression　recognition　which　is　not　based　on　FACS．　Therefore，　it　is

necessary　to　confirm　the　effectiveness　of　the　proposed　facial　expression

recognition　with　the　facial　images　which　are　not　based　on　the　framework

of　FAC　S．

　1　treated　7　facial　expressions　in　this　study．　However，　human　expresses

many　facial　expressions．　They　include　delicate　facial　expressions，　the

facial　expression　which　is　expressed　by　combining　some　facial　expressions

and　so　on．　1　have　to　improve　the　proposed　facial　expression　recognition

to　adapt　to　such　facial　expressions．

　　Finally，　1　treated　the　facial　expression　recognition　with　the　frontal　facial

images．　lf　the　profile　can　be　treated　in　the　facial　expression　recognition，

more　effective　facial　expression　recognition　can　b　e　implemented．　The

development　of　such　a　facial　expression　recognition　is　the　aim　of　my

fut　ure　work．

t
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3．1 Introduction

Recently，　the　research　on　identification　using　human　biometrics　has　been

carried　out　in　order　to　develop　convenient　and　advanced　security　systems

or　access　control　systems　［1］．　The　biometrics　is　human　features　such　as

fingerprint，　iris　and　so　on　which　do　not　change　during　lifetime　and　are

different　among　each　person．　Comparing　with　the　conventional　identi－

fication　using　password　or　card，　effective　identification　systems　can　be

implemented　by　using　the　biometrics　because　there　is　not　a　possibility

that　it　is　lost　and　forgotten．　ln　the　identification　using　human　biomet－

rics，　the　identification　based　on　human　face　has　been　focused　on　because

this　type　of　identification　has　the　advantage　that　it　can　inhibit　crime　and

does　not　require　special　device　for　the　identification　in　comparison　with

the　identification　using　other　biometrics．

　In　the　face　identification，　the　robustness　against　various　fluctuations

must　be　implemented　in　order　to　develop　practical　identification　system．

These　fluctuations　include　photographic　fiuctuations　such　as　lighting　fiuc－

tuation，　pose　fluctuation　and　so　on　which　necessarily　arise　when　facial　im－

age　is　taken　and　appearance　fluctuations　such　as　glasses，　hairstyle，　facial

expressions　and　so　on．　Many　studies　to　implement　robustness　against　the

photographic　fluc七uations　are　carried　out　in　recent　research　on七he　face

identification　because　the　implementation　of　robustness　against　appear－

ance　fluctuations　is　more　difficult　problem　than　photographic　fluctuations

in　obj　ect　recognit　ion　point　of　view　［2］　［3］　［4］　［5］　．

　　One　of　methods　to　implement　the　robustness　against　photographic　fiuc－

tUations　is　t　he　identifica七ion　based　in　many　facial　images　involving　various
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photographic　fiuctuations　which　are　taken　on　real　environment．　However
　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　ヲ

it　is　burden　for　the　user　to　take　many　facial　images　in　real　environment．

Moreover，　the　convenience　which　is　one　of　advantages　in　the　identi丘cation

using　human　biometrics　is　impaired．

　In　this　chapter，　I　propose　a　robust　face　identification　against　lighting

and　face　position　fluctuations．　In　the　proposed　face　identi丘cation，　a　few

facial　images　of　the　user　are　taken．　The　robustness　against　lighting　and

face　position　fluctuations　in　real　environment　can　be　implemented　by　in－

serting　arti丘cial　fluctuations　into　the　facial　images　taken．　Moreover，　the

edge　extraction　which　is　not　influenced　much　by　lighting且uctuation　is

employed　in　the　pre－processing　of　facial　image．　On　the　other　hand，　I

use　the　Mahalanobis－Taguchi　System（MTS）as　the　pattern　recognition

method　fbr　the　identi丘cation［6］．　The　MTS　is’one　of　statistical　pattern

recognition　methods　which　was　proposed　by　Taguchi．　The　MTS　can

perfbrm　robust　pat七ern　recognition　by　giving　noise　to七heもraining　data

because　the　recogni七ion　in　the　MTS　is　carried　out　based　on　the　correla－

tions　among　a七tributes　which　is　common　in　a　set　of　training　data［7］．　In

addition，　the　MTS　can　reduce　attributes　to　only　those　that　significantly

con七ribute　to　recognition　by　using　orthogonal　array，　Signal／Noise　ratio

（SN　ratio）and　factorial　effect．　Therefbre，　the　time　required　fbr　identi－

fication　can　be　decreased，　and　the　amount　of　data　in　the　facial　image

da七abase　can　be　reduced．　I　con丘rmed　that　an　effective　facial　expression

recognition　could　be　implemented　by　using　the　MTS［8］［9］．　Therefbre，　it

is　quite　likely　that　the　MTS　is　a：n　effec七ive　method　fbr　the　proposed　face

identification．　I　confirm　the　effectiveness　of　the　proposed　face　identifica一

七ion　method　through　practical　experimen七with　some　subjects．

　This　chapter　is　organized　as　fbllows：In　Section　2，　I　will　propose　a

robust　face　identification　agains七lighting　and　face　position　fluctuations．

The　experimental　method　using　some　subjects　will　be　described　in　Sec七ion

3．In　Sec七ion　4，　the　experimen七al　resul七will　be　men七ioned．　Finally，　I　will

finish　this　chapter　with　the　conclusions．

3．2 Robust　Face　ldentification　against　Lighting　and

Face　Position　Fluctuations

The　detail　of　the　proposed　face　identification　is　described　below．

3．2．1　Face　ldentification　Process

The　identification　process　of　the　proposed　face　identification　is　as　follows．
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1．　Collection　of　facial　images　on　each　person

2．　lnsertion　of　artificial　fluctuations　into　the　collected　facial　images

3．　Extraction　of　attributes　from　the　facial　images　involving　the　artificial

　　fiuctuations

4．　Construction　of　Mahalanobis　space　on　each　person　from　the　extract－

　　ed　attributes

5．　Face　identification　of　unknown　facial　image　based　on　the　Maha－

　　lanobis　distance

6．　Optimization　of　attributes　using　orthogonal　array，　SN　ratio　and　fac－

　　torial　e：日Eec七

　First，　the　facial　images　are　collected　on　each　person．　The　artificial　fluc－

tuations　of　lighting　and　face　position　are　inserted　into　the　facial　images

collected．　Then，　the　attributes　based　on　differential　and　integral　charac－

teristics　are　extracted　from　the　facial　images　involving　artificial　fluctua－

tions．　The　Mahalanobis　space　is　constructed　on　each　person　from　these

attributes．　The　face　identification　of　unknown　facial　image　is　performed

by　using　the　Mahalanobis　distances　between　the　Mahalanobis　spaces　and

unknown　facial　image．　Finally，　the　effective　attributes　to　recognize　each

person　are　re－extracted　based　on　orthogonal　array，　SN　ratio　and　factorial

effect．　The　detail　of　each　step　is　shown　below．

3．2．2　Facial　Image

In　this　study，　I　take　facial　images　by　using　a　monochrome　camera．　The

facial　image　is　300　×　300　pixels．　The　gradation　value　of　pixel　is　256．　The

background　color　is　white．　lt　does　not　include　hair，　glasses　and　facial

expression．　The　facial　images　are　taken　in　my　laboratory　with　special

lighting　device．　Moreover，　the　facial　images　are　taken　by　using　base｝ines

for　the　position　of　eyes，　nose　and　mouth．　Therefore，　these　facial　images

include　a　little　photographic　fluctuation．

3．2．3　Artificial　Fluctuations

The　lighting　and　face　position　fluctuations　which　are　artificially　created

are　inserted　into　the　facial　image　on　each　person　in　order　to　implemen－

tthe　robus七ness　against　lighting　and　face　position　fluctua七ions　in　real

environment．　The　details　of　these　artificial　fluctuations　are　as　follows．
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1．　Lighting　fluctuation：　In　this　study，　the　edge　extraction　is　em－

　　ployed　as　the　pre－processing　of　facial　image．　The　extraction　state　of

　　edge　changes　in　accordance　with　lighting　fluctuation．　That　is，　the

　　edge　can　be　clearly　extracted　when　the　lighting　condition　is　good．

　　On　the　contrary，　it　is　diMcult　to　extract　clearly　the　edge　when　the

　　lighting　condition　is　bad．　Therefore，　1　create　the　artificial　lighting

　　且uctuations　by　changing　the　strength　of　edge　ex七rac七ion．　In七he　edge

　　extraction，　1　use　the　Global　Range　Edge　Detection　Method　［10］．　The

　　detail　of　the　edge　extraction　based　on　this　method　is　described　in

　　Section　2　of　Chapter　2．　1　change　a　formula　（2．7）　in　this　method　to

　　the　following　formula．

1∂乞ゴ1≧α（μ十σ） （3．1）

In　the　Global　Range　Edge　Detection　Method，七he　edge　is　judged

on　the　basis　of　the　deviation　of　gradation　value　in　pixel．　Basically，

the　threshold　to　j　udge　the　edge　in　the　image　data　is　decided　by　the

deviation　of　gradation　value　in　the　whole　of　image．　1　add　a　constant

a　to　formula　（2．7）　in　order　to　change　the　extraction　state　of　edge

purposely．　The　extraction　state　of　edge　can　be　changed　by　varying

this　or．　Figure　3．1　shows　an　example　of　the　edge　extracted　facial

image　for　each　value　of　a．　As　shown　in　Figure　3．1，　the　edge　can　be

clearly　extracted　when　the　value　of　a　is　small，　and　the　accuracy　of

edge　extraction　is　lost　when　the　value　of　a　is　large．

2．　Face　position　fluctuation：　The　artificial　face　position　fiuctua－

　　tion　is　produced　by　moving　the　edge　extracted　facial　image　in　four

　　directions．　The　directions　are　up，　down，　left　and　right．　An　example

　　of　face　position　fluctuation　is　illustrated　in　Figure　3．2．

　The　face　identification　is　performed　on　the　basis　of　the　facial　images

involving　these　artificial　fluctuations．

3．2．4　Face　ldentification　based　on　MTS

After　the　insertion　of　artificial　fiuctuations，　the　attributes　based　on　dif－

feren七ial　and　integra1　characteristics　are　extracted　from　the　facial　images

involving　the　artificial　lighting　and　face　position　fluctuations　［11］［12］．　The

Mahalanobis　space　on　each　person　is　constructed　from　the　ex七rac七ed　at－

tributes．　In　the　face　identification，　there　is　two　types　of　identification．
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One　is　the　face　identification　which　j　udges　whether　unknown　facial　im－

age　is　a　specified　person　or　not．　Another　is　the　face　identification　that

determines　which　person　in　a　face　database　the　unknown　facial　image　is．

In　this　study，　latter　identification　is　employed．　Therefore，　the　unknown

facial　image　is　judged　to　belong　to　the　Mahalanobis　space　which　has

shortest　Mahalanobis　distance．　Following　the　identification　of　unknown

facial　images，　the　optimization　of　attributes　based　on　orthogonal　array，

SN　ration　and　factorial　effect　is　performed．　The　detail　of　each　operation　is

described　in　the　earlier　chapters．　The　detail　of　extraction　method　based

on　the　differential　and　integral　characteristics　are　described　in　Section　6

0f　Chapter　1　and　Section　3　of　Chapter　2．　The　details　of　the　construction

method　of　Mahalanobis　space，　the　calculation　method　of　the　Mahalanobis

distance　and　the　optimization　of　attributes　based　on　orthogonal　array，　SN

ra七io　and　fac七〇rial　effec七are　described　in　Section　60f　Chap七er　1．

3．3’　Experimental　Method

1　designed　the　following　experiments　in　order　to　confirm　the　effec七iveness

of　the　proposed　face　identification．　ln　this　experiment，　ten　students　were

recruited　as　subjects　from　Hokkaido　University．　1　took　four　facial　images

of　each　subj　ect．　1　employed　three　facial　images　of　each　subj　ect　as　the

original　training　facial　images，　and　used　one　facial　image　as　the　original

unknown　facial　image．　ln　this　experiment，1　constructed　three　kinds　of

Mahalanobis　spaces　from　different　training　facial　images　involving　the

following　artificial　fluctuations．

　　1．　Lighting　fluctuation　（L）：　The　Mahalanobis　space　for　each　sub－

　　　　ject　was　constructed　from　the　training　facial　images　involving　the

　　　　artificial　lighting　fluctuation　only．　The　artificial　lighting　fluctuation

　　　　was　produced　by　changing　the　value　of　a．　The　a　was　changed　from

　　　　1．2　to　O．6　at　intervals　of　O．Ol．　Therefore，　the　total　number　of　the

　　　　created　facial　images　was　60．　This　operation　was　applied　to　all　three

　　　　original　training　facial　images　taken．　Thus，　one　hundred　eighty　fa－

　　　　cia1　images　were　created，　and　which　were　employed　as　the　training

　　　　facial　images　for　each　subj　ect．

　　2．　Face　position　fluctuation　（P）：　The　edge　extraction　in　a　＝＝　1．O

　　　　was　applied　to　the　facial　image．　The　edge　extracted　facial　image

　　　　was　moved　15　pixels　at　intervals　of　1　pixel　in　four　directions　（up，

　　　　down，　left　and　right）．　This　operation　was　performed　on　three　origi一・

　　　　nal　training　facial　images　for　each　subj　ect．　Therefore，　one　hundred

117

．7

ﾋ、噛

’鐡灘層，



　　　　　　　　　　　　　　mソ＝3

　　　　　ソニ　　れソニ　　　ソニき

α一α6

迎曽L　凋』

　｛賜

毎

．．．　a＝o．g

a＝1．2

1ietw

齢　　凋㌧

　LVJ
pt

圏ゆ　　一
　もMJ
，s－N

塑二

巴．瀦
．
二

丁
　
一

　
　
・
五

啄
　
．

曜じし　“

　し｝，

一」一」」

，，M @ρ♂●ヤ

mv＝3

¢臼b　’6融

　箇｝

麟

mv＝6　inv＝9

象口．ρ

出
・

mv　＝O；a＝1．0

飾　　，tS，

　〈vJ
JL．．．h

榊鼠

熱　　4晦

　馬●】9

0　　→一　　樋凸

ゆ　　　ロリ

艶

の　　　
　‘L諭

鱒
ゆ　　4b

　脚り
’一8臨勘

ゆ　　ハ

、’

a＝O．6

a＝O．8

⑲　　　49馳

　り
、　由　　ゐ

mv＝3

a＝1．2

Figure　3．3：　An　example　of　training　facial　images　in　LP

seventy－one　training　facial　images　involving　face　position　fluctuation

were　created．

3．　Lighting　and　face　position　fluctuations　（LP）：　The　combi－

　　nation　of　the　lighting　fluctuation　and　the　face　position　fiuctuation

　　described　above　was　applied　to　the　original　training　facial．　image．

　　This　operation　was　performed　on　only　1　original　training　facial　im－

　　age　for　each　subject．　Therefore，　three　thousand　four　hundred　twenty

　　training　facial　images　involving　the　lighting　and　face　position　fluctu－

　　ations　were　created　for　each　subject．　Figure　3．3　shows　an　example

　　of　training　facial　images　in　LP．

Moreover，　1　applied　two　kinds　of　fluctuation　to　the　original　unknown

facial　image　taken．

1．　Lighting　fiuctuation　（S）：　These　unknown　facial　images　included

　　lighting　fiuctuation　only，　which　were　created　by　varying　the　value　of

　　a　between　1．1　and　O．7　at　intervals　of　0．01．　Therefore，　forty　unknown

　　facial　images　involving　the　artificial　lighting　fluc七uation　were　crea七ed

　　for　each　subject．

2．　Lighting　and　face　position　fluctuation　（B）：　The　lighting　and

　　face　position　fluc七ua七ions　were　apPlied七〇　the　original　unknown　facial

　　image七aken．　The　ligh七ing且uctuation　was　created　by　shif七ing　the

　　value　of　a　between　1．1　and　O．7　at　intervals　of　O．Ol．　Moreover，　the

118

灘鑓灘麟灘…1・灘懸灘．



face　position　fiuctuation　was　created　by　shifting　the　position　of　the

edge　extracted　facial　image　by　5　pixels　in　4　directions　at　intervals　of

1　pixel．　This　combination　of　lighting　and　face　position　fluctuations

was　applied　to　the　original　unknown　facial　image，　and　six　hundred

eighty　facial　images　were　created　for　each　subj　ect．

　1　drew　the　parallel　lines　on　each　facial　image　at　intervals　of　10　pixels

for　the　ex七rac七ion　of　attributes　and　then七he　a七tribu七es　used　in　this　ex＿

periment　were　extracted．　The　number　of　attributes　along　the　rows　was

60　and　that　down　the　columns　was　also　60．　Therefore，　1　constructed　the

Mahalanobis　space　from　120　attributes　for　each　subject．

　1　used　the　orthogonal　array　Li2s　for　the　optimization　of　attributes．　ln

addition，　1　used　the　unknown　facial　images，　except　those　that　belonged　to

the　Mahalanobis　space　that　was　the　optimization　target，　as　the　abnormal

data．

3．4　Experimental　Result

3．4．1　ldentification　Result

The　identification　results　are　shown　in　Table　3．1，　Table　3．2，　Figure　3．4，

Figure　3．5，　Figure　3．6，　Figure　3．7，　Figure　3．8，　Figure　3．9　and　Figure　3．10．

Table　3．1　shows　the　rates　which　the　correct　identification　was　made．　ln

Table　3．1，　s　1－s10　represen七the　subj　ec七number，　and：LS，　LLB，　P．S，　P－B，

LP－S　and　LP－B　represent　each　experiment．　The　left　side　of　each　combi－

nation　of　letters　represents　the　kind　of　the　training　facial　images　used　and

the　right　side　represents　the　kind　of　the　unknown　facial　images　used．　ln

all　experiments，　effective　face　identification　was　achieved　in　spite　of　the

use　of　the　unknown　facial　images　that　included　lighting　and　face　position

fiuctuations．　The　results　of　L　and　P　revealed　that　the　effective　Maha－

lanobis　space　differed　on　each　subjec七．1七hink七hat　this　occurred　by　the

photographic：Huc七uations　which　migh七have　occurred　during　the　initial

photography．　However，　the　rate　of　correct　identification　was　highest　in

LP．　Therefore，　1　found　that　the　Mahalanobis　space　constructed　from　the

training　facial　images　which　included　both　of　artificial　fluctuations　was

more　effective　in七he　implementation　of　robust　face　iden七ification七han

the　Mahalanobis　space　constructed　using　one　artificial　fluctuation．

　　Three　different　original　training　facial　images　were　used　for　constructing

the　Mahalanobis　space　in　L　and　P，　and　only　one　facial　image　was　used

as　the七raining　facial　image　in：LP．　In七he　face　iden七ifica七ion　sys七em，　i七
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s1 s2 s3 s4 s5 s6 s7 s8 s9 s10 Total

：LS 100 97．5 100 30 100 100 62．5 100 100 100 89．0
：L－B 96．0 70．7 100 37．6 100 100 37．8 100 100 93．0 83．7

P－S 75 100 100 77．5 100 95 20 100 100 100 86．8

P－B 73．7 100 100 76．3 100 92．5 27．5 96．5 96．6 100 86．3

LP－S 100 100 100 90 100 100 100 100 100 100 99．0

：LP－B 100 100 100 88．5 100 100 100 100 100 100 98．9

Table　3．1：　Identification　result　（％）

is　unusual　to　repeatedly　photograph　a　user　in　order　to　implement　the

robustness　against　various　fiuctuations，　because　such　photography　is　a

burden　to　the　user．　With　this　in　mind，　it　is　likely　that　the　inclusion　of

the　artificial　fluctuations　in　the　training　facial　images　can　be　employed

effectively　in　the　face　identification．

　The七〇tal　rate　of　correct　identification　was　89．0％in　L－S，　and　i七was

99．0　97（o　in　LP－S，　respectively．　The　rate　of　identification　using　LP　was

higher　than　that　using　L　facial　images．　ln　these　experiments，　the　un－

known　facial　images　did　not　include　artificial　face　position　fluctuation．

Therefbre，七hese　unknown　facial　images　included　only　the　natural　fluctu－

ation　of　the　face　position　that　occurred　during　the　initial　photographing

of　the　subjects．　This　result　indicated　that　the　Mahalanobis　space　created

from　the　training　facial　images　which　included　the　artificial　fluctuation

of　the　face　position　was　also　effective　in　the　identification　of　facial　im－

ages　which　included　natural　face　position　fluctuation　which　might　have

occurred　during　the　initial　photography．

　　In　the　identification　using　L　of　s4　and　the　identification　using　P　of

s7，　the　rate　of　correct　identificat　ion　using　B　unknown　facial　images　was

higher　than　S．　Normally，　the　rate　of　correct　identification　will　decrease

in　B　unknown　facial　images　in　comparison　with　S　unknown　facial　images

because　L　and　P　include　only　either　artificial　fluctuation．　This　may　be　due

to　the　initial　face　position．　That　is，　the　unknown　facial　image　was　moved

to　the　appropriate　position　for　the　identification　by　artificial　face　position

fiuctuation．　Therefore，　accurate　face　identification　might　be　achieved　by

identifying　the　p　erson　from　various　unknown　facial　images　in　which　the

artificial　fluctuations　of　lighting　and　face　position　are　included．

　　Moreover，　in　order　to　confirm　the　effec七iveness　of　identi丘cation　based

on　the　correlations　among　attributes　in　the　multi－dimensional　training
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s1 s2 s3 s4 s5 s6 s7 s8 s9 s10 Tot　al

：LP－B 100 60．7 46．4 0．4 80．6 100 2．5 23．4 100 100 61．4

Table　3．2：　Identification　result　based　on　Euclidean　distance　（910）

data　in　the　MTS，　1　performed　face　identification　based　on　the　Euclidean

distance　and　the　average　of　the　attributes　extracted　on　the　basis　df　dif－

ferential　and　integral　characteristics．　The　results　of　this　experiment　are

shown　in　Table　3．2．　Compared　with　the　result　obtained　using　the　MTS，

the　rate　of　identification　in　the　LP　B　experiment　was　poor　（98．90ro　vs．

61．4％）．　From　this　result，　1　can　be　fairly　certain　that　the　MTS，　which

is　based　on　consideration　of　the　correlations　among　the　attributes　in　the

multi－dimensional　data，　is　effective　for　the　face　identification．

　Figure　3．4　and　Figure　3．5　illustrate　the　correlation　matrix　on　each　sub－

ject，　ln　these　figures，　the　correlation　pattern　among　the　attributes　on　・

each　subject　was　similar　to　each　other．　Basically，　face　resembles　other’s

face　in　terms　of　the　shape　and　position　of　internal　facial　features．　How－

ever，　there　is　a　little　difference　among　each　person，　namely　individuality．

Therefore，　it　is　likely　that　the　basic　state　of　the　correlations　was　similar

to　each　other　but　had　a　little　difference　among　each　subject．

　　Figure　3．6，　Figure　3．7，　Figure　3．8　and　Figure　3．9　represent　the　Maha－

lanobis　dis七ances　be七ween　the　unknown　facial　images　which　were　created

from　original　unknown　facial　image　on　each　subj　ect　and　the　Mahalanobis

spaces　on　all　subj　ects　in　LPB　experiment．　These　Mahalanobis　distances

to　each　Mahalanobis　space　are　sorted　in　the　order　of　small　Mahalanobis

distances　between　the　unknown　facial　images　and　the　Mahalanobis　space

which　these　unknown　facial　images　should　belong　to．　ln　these　figures，

the　Mahalanobis　distances　between　the　Mahalanobis　space　which　these

unknown　facial　images　should　belong　to　and　the　unknown　facial　images

were　very　short　in　comparison　with　the　Mahalanobis　distance　between

the　other’s　Mahalanobis　space　and　these　unknown　facial　images．　These

results　suggest　that　the　face　identification　based　on　the　MTS　has　high

classi丘cation　ability．　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　，

　　However，　the　rate　of　the　correct　identification　of　s4　was　lower　than

o七her　subjects　in　spite　of　the　use　of七raining　facial　images　that　included

the　lighting　and　face　position　fluctuations．　Figure　3．10　shows　the　result

that　the　correct　identifica七ion　was　no七achieved．　In　Figure　3．10，　the　facial

images　on七he　top　side　of七his　figure　indica七e　the　original　edge　ex七racted

facial　images．　The　facial　images　on　the　down　side　show　the　facial　images
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Figure　3．5：　Correlation　matrix　on　each　subject　（B）
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Figure　3．9：
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based　on　the　lines　which　were　used　to　extract　the　attributes　based　on　the

differential　and　integral　characteristics．　The　proposed　face　identification

incorrectly　identified　the　unknown　facial　images　of　s4　with　the　two　per－

sons　shown　in　Figure　3．10．　There　may　be　two　reasons　for　this　incorrect

identification．　One　is　that　the　attributes　extracted　based　on　the　differ－

ential　and　integral　characteristics　on　each　subj　ect　were　similar　to　each

other．　Another　reason　is　that　the　Mahalanobis　distances　between　the

Mahalanobis　space　on　s4　and　the　s4’s　unknown　facial　images　increased

since　the　s4’s　original　unknown　facial　image　included　the　face　size　fluc－

tuation．　Therefore，　it　is　likely　that　this　problem　can　be　solved　by　the

inclusion　of　face　size　fluctuation　into　the　training　facial　image　and　by

increasing　the　number　of　attributes．

　It　follows　from　what　has　been　said　thus　far　that　the　proposed　face

identification　based　on　the　artificial　fluctuations　is　thought　to　be　effective

for　implementing　a　robust　face　identification．

3．4．2　Optimization　Result

Table　3．3，　Table　3．4，　Table　3．5，　Figure　3．11，　Figure　3．12，　Figure　3．13，

Figure　3．14，　Figure　3．15，　Figure　3．16，　Figure　3．17　and　Figure　3．18　show

the　optimization　results．　Table　3．3　shows　the　number　of　attributes　after

op七imization　on　each　subject．　The　attributes七hat　signi丘can七ly　contribut－

ed　to　the　identification　were　decided　on　the　basis　of　the　factorial　effects．

That　is，　1　selected　the　attributes　which　have　a　positive　factorial　effect　as

七he　at七ributes　that　signi丘cantly　contributed　to　the　ident　ifica七ion．　By　this

optimization，　the　final　number　of　attributes　used　for　the　identification

could　be　reduced　to　abou七half　of　the　initial　number　of　a七tributes　in七he

average．　Moreover，　from　the　factorial　effects　which　is　shown　in　Figure

3．11一　Figure　3．15，　1　found　that　the　attributes　based　on　the　integral　char－

acteristic　were　more　effective　for　the　identification　than　the　attributes

based　on　the　differential　characteristic．

1　performed　the　identification　using　the　optimized　attributes　in　order　to

confirm　the　effectiveness　of　this　optimization．　This　identification　result

using　the　attributes　after　the　optimization　is　shown　in　Table　3．4．　This　re－

sult　indicated　that　there　was　slight　decrease　in　the　correct　identification

rate　of　s4　in　comparison　with　the　identification　result　before　the　opti－

mization．　ln　order　to　investigate　the　reason　of　this　decrease，　1　calculated

the　SN　ratio　before　and　after　the　optimization　between　the　Mahalanobis

space　which　was　constructed　based　on　the　optimized　attributes　and　the

abnormal　facial　images　which　were　used　for　the　optimization　on　each　sub一
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s1 s2 s3 s4 s5 s6 s7 s8 s9 s10

The　number　of　attributes 76 68 65 71 75 69 69 76 68 70

Table　3．3：　Results　of　optimization

ject．　This　result　is　shown　in　Table　3．5．　The　SN　ratio　of　the　Mahalanobis

space　which　is　constructed　using　the　optimized　attributes　increased　on

the　subjects　except　sl，　s5　and　s8．　This　result　indicates　that　the　pos－

sibility　of　incorrect　identification　for　abnormal　facial　images　decreases．

The　increase　of　the　Mahalanobis　distance　after　the　optimization　on　the

abnormal　facial　images　is　also　shown　in　Figure　3．16．　Therefore，　the　de－

crease　of　correct　identification　rate　in　s4　is　not　due　to　the　Mahalanobis

distance　of　abnormal　facial　images．　On　the　contrary，　1　calculated　the

Mahalanobis　distances　of　the　unknown　facial　images　which　should　belong

七〇the　optimized　Mahalanobis　space．　Figure　3．17　shows七he　Mahalanobis’

distances　before　and　after　the　optimization　between　the　Mahalanobis　s－

pace　which　is　optimization　target　and　the　unknown　facial　images　which

should　belong　to　this　Mahalanobis　space　on　some　subjects．　This　result

indicated　that　there　is　the　case　where　the　Mahalanobis　distances　of　un－

known　facial　images　which　should　belong　to　the　Mahalanobis　space　which

is　the　optimization　target　increase　although　the　Mahalanobis　distances　of

abnormal　facial　images　decrease．　Figure　3．18　indicates　the　Mahalanobis

distances　before　and　after　the　optimization　between　the　unknown　facial

images　which　are　created　from　the　original　s4’s　unknown　facial　image　and

the　Mahalanobis　space　on　each　subject．　From　this　result，　1　found　that

the　decrease　of　the　correct　identification　rate　in　s4　was　caused　by　the

increase　of　the　Mahalanobis　distance　of　the　unknown　facial　images　that

should　belong　to　the　Mahalanobis　space　which　is　the　optimization　target．

　The　above　optimization　results　revealed　that　there　were　the　following

two　problems　in　the　optimization　based　on　the　orthogonal　array，　SN　ratio

and　factorial　effec七．　There　is　the　case　where　the　SN　ratio　fbr　the　Maha．

lanobis　space　af七er　optimization　decreases．　III　the　optimiza七ion　based　on

the　orthogonal　array　and　factorial　effect，　the　effectiveness　of　the　attributes

is　calculated　based　on　main　effect　of　SN　ratio．　That　is，　the　optimization

which　does　not　consider　the　correlations　among　the　attributes　is　per－

formed．　Moreover，　there　is　a　case　where　the　correct　identification　rate

decrease　by　the　increase　of　the　Mahalanobis　distance　of　the　unknown　fa－

cial　image　which　should　belong　to　the　optimization　target　Mahalanobis

space　even　if　the　possibility　that　abnormal　facial　images　are　incorrect一
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s1 s2 s3 s4 s5 S6 s7 s8 s9 s10
100 100 100 75．7 100 100 100 100 100 100

Tabie　3．4：　ldentification　result　after　the　optimization

s1 s2 s3 s4 s5 S6 s7 s8 s9 s10
Befbre 38．86 39．96 38．89 40．91 4226 39．09 39．13 38．49 43．23 38．88
After 36．61 40．20 39．75 40．98 42．21 39．50 39．80 38．37 44．20 39．34

Table　3．5：　SN　ratio　before　and　after　the　optimization

ly　identified　decreases．　Therefore，　the　optimization　method　which　can

consider　the　correlations　among　the　attributes　and　can　focus　on　both

of　the　Mahalanobis　distances　of　abnormal　data　and　the　unknown　data

which　belong　to　the　optimization　target　Mahalanobis　space　is　needed．

The　proposal　for　such　optimization　method　is　one　of　my　future　works．

　These　optimization　results　demonstrated　that　effective　optimization

could　be　achieved　by　using　the　orthogonal　array，　the　SN　ratio　and　facto－

rial　effect　although　it　had　some　problems．

3e5 Conclusion

In　this　chapter，　1　proposed　a　robust　face　identification　against　lighting

and　face　position　fluctuations　on　the　basis　of　the　artificial　fluctuations．

Moreover，　1　confirmed　the　effectiveness　of　the　proposed　face　identification

through　the　practical　experiments　with　some　subjects．　The　experimental

results　revealed　that　the　proposed　face　identification　was　robust　against

lighting　and　the　face　position　fluctuations．　1　also　found　that　the　num－

ber　of　attributes　could　be　reduced　using　the　optimization，　to　only　those

that　significantly　contributed　to　identification　although　some　problems

were　found．　However，　in　this　experiment，　the　lighting　fiuctuations　in　the

unknown　facial　image　were　artificially　created．　Therefore，　my　first　fu－

ture　work　is　to　confirm　the　robustness　of　the　proposed　face　identification

against　natural　lighting　fluctuations．

　In　this　chapt’er，　1　employed　one　hundred　twenty　attributes　on　a　facial

image．　lt　is　likely　that　the　correct　identification　rate　can　be　improved

by　concentrating　the　lines　for　the　extraction　of　attributes　to　the　effec－

tive　region　for　the　identification　which　was　obtained　by　the　optimization・

In　addition，　the　robustness　against　face　size　fluctuation　has　to　be　im一

135

　　　　　　　　　　　　　　き　ヨ

。・T＿醗・懇灘灘．麟，灘灘灘



plemented　in　the　face　identification．　A　more　effective　face　identification

system　could　be　designed　by　taking　this　fluctuation　into　account．　The

development　of　such　a　face　identification　is　the　aim　of　my　future　work．
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4．1 Introduction

Recently，　the　research　on　face　identification　has　been　carried　out　in　order

to　develop　convenient　security　systems　or　access　control　systems　［1］［2］［3］l

In　the　face　identification　system，　one　of　important　problems　is　the　imple－

mentation　of　robustness　against　various　fluctuations．　These　fluctuations

are　classified　into　two　kinds，　and　which　are　photographic　fluctuations

such　as　lighting，　pose　and　so　on，　and　appearance　fluctuations　such　as

hairstyle，　glasses　and　so　on．　The　implementation　of　robustness　against

pho七〇graphic　fluctuations　is　frequently　attempted　in　the　recen七studies　on

the　face　identification　because　the　implementation　of　robustness　against

appearance　fluctuations　is　more　difllicult　problem　than　the　photographic

且uc七uations　in　terms　of　object　recognition．　However，　the　problem　of　the

robustness　against　appearance　fluctuations　has　to　be　solved　in　order　to

develop　practical　face　identification　systems．　The　purpose　of　my　study　is

to　implement　a　robust　face　identification　against　appearance　fluctuations．

　In　conventional　face　identification，　the　attributes　used　for　the　identifica－

tion　are　extracted　from　a　whole　of　a　facial　image．　The　pattern　recognition

to　measure　the　similarity　between　these　extracted　attributes　and　the　at－

tributes　which　are　extracted　from　unknown　facial　image　is　performed．

The　identification　result　is　decided　on　the　basis　of　the　pattern　recogni－

tion　result．　However，　it　is　difficult　to　implement　robust　face　identification

against　apPearance　fluctuations　because　the　attribu七es　extrac七ed　f士om　a

whole　of　a　facial　image　include　a　large　quantity　of　noise　which　is　caused

by　glasses，　hairstyle，　background　and　so　on．

　In　order七〇solve　this　problem，　a　face　identification　based　on　the　internal

fea七ures　on　face　such　as　mou七h，　nose　and　eye　has　been　proposed［4］［5］．
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In　this　method，　the　internal　features　on　face　are　extracted　from　a　facial

image．　The　pattern　recognition　is　performed　for　each　internal　feature．

The　identification　is　carried　out　on　the　basis　of　the　pattern　recognition

result　of　each　internal　feature．　However，　it　is　difllicult　to　extract　stably　the

internal　features　from　face，　and　the　identification　result　may　be　influenced

by　the　accuracy　of　extraction　of　internal　features　on　face．　Moreover，　it

is　ineffective　for　the　face　identification　systems　which　require　real－time

processing　in　terms　of　computational　cost．

　In　this　chapter，　1　propose　a　face　identification　method　based　on　the

division　of’facial　image　in　order　to　implement　the　robustness　against　ap－

pearance且uc七uations．　In　the　proposed　method，　the　internal　features　are

not　extracted　but　facial　image　is　divided　into　some　simple　regions．　The

pattern　recognition　is　performed　on　each　region．　The　identification　is

performed　by　integrating　the　recognition　result　obtained　on　each　region．

It　is　likely　that　the　proposed　face　identification　method　can　implement

the　robustness　against　appearance　fluctuations　because　facial　image　can

be　divided　into　the　regions　which　include　a　large　quantity　of　noise　and

the　regions　which　do　not　include　so　much　noise．　That　is，　the　face　iden－

tification　based　on　the　accurate　information　which　does　not　include　so

much　noise　can　be　carried　out．

　Moreover，　in　the　proposed　method，　1　employ　the　Mahalanobis－Taguchi

System　（MTS）　as　the　pattern　recognition　method　［6］．　The　MTS　is　one　of

statistical　pattern　recognition　methods　which　can　perform　the　recognition

based　on　the　correlations　among　the　attributes　in　the　multi－dimensional

data．　ln　addition，　the　robustness　against　noises　in　unknown　datum　can

be　implemented　by　giving　artificial　noises　to　the　training　data．　lt　is

likely　that　these　advantages　are　effective　for　the　face　identification　which

requires　the　consideration　of　relations　among　the　internal　features　on　face

and　the　robustness　against　the　fluctuations　in　real　environment．　Further－

more，　1　confirmed　t　hat　the　MTS　could　allow　the　effective　implementation

of　the　robust　face　identification　against　lighting　fluctuation　and　face　po－

sition　fluctuation　［7］［8］．　Therefore，　it　is　likely　that　the　MTS　will　be　ef一一

fective　fbr　this　proposed　me七hod．　Finally，　in　this　chapter，　I　con丘rm七he

effectiveness　of　the　proposed　face　identification　method　through　practical

experiment　with　some　subjects．

　This　chapter　is　organized　as　follows：　In　Sect　ion　2，　1　will　propose　a　face

identification　method　based　on　the　division　of　facial　image．　ln　this　sec－

tion，　facial　image　used　in　this　study，　artificial　photographic　fiuctuations

for　the　implementation　of　robustness，　identification　process　based　on　the
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division　of　facial　image，　pattern　recognition　on　each　region　and　identifica－

tion　method　based　on　the　integration　of　some　pattern　recognition　results

will　be　explained．　The　experimental　method　will　be　described　in　Sec七ion

3．　ln　Section　4，　the　experimental　result　will　be　discussed．　ln　Section

5，　1　will　mention　the　features　and　future　works　of　the　proposed　method．

Finally，　1　will　finish　this　chapter　with　the　conclusions．

4．2 Face　ldentification　Method　based　on　Division　of

Facial　lmage

4．2．1 Facial　lmage

The　facial　images　used　in　this　study　are　the　frontal　and　stationary　facial

images　taken　by　a　monochrome　camera．　The　details　of　the　facial　images

are　as　follows．

e　The　size　of　facial　images　is　300　×　300　pixels．

e　The　gradation　of　images　is　256　gray　scale．

e　The　background　color　is　white．

e　The　images　include　hair　and　glasses．

e　The　images　do　not　express　any　facial　expressions．

　Figure　4．1　shows　an　example　of　facial　images　used　in　this　study．　These

facial　images　are　taken　in　my　laboratory　without　special　lighting　devices．

Moreover，　these　facial　images　are　taken　by　using　baselines　for　the　position

of　eyes，　nose　and　mouth　（white　lines　in　Figure　4．1）．　However，　these

facial　images　include　the　fluctuations　of　face　size　and　position　as　shown

in　Figure　4．1　because　the　accuracy　of　photography　is　different　on　each

person．

4．2．2　ldentification　Process　based　on　Division　of　Facial　lmage

The　identification　process　based　on　the　division　of　facial　image　is　illus－

trated　in　Figure　4．2．　First　of　all，　the　facial　images　are　collected　on　each

person．　Secondly，　the　artificial　photographic　fluctuations　are　inserted　in－

to　the　facial　image　collected　so　as　to　implement　the　robustness　against

photographic　fiuctuations　in　real　environment．　The　artificial　photograph－

ic　fluctuations　are　lighting，　face　position　and　face　size　fluctuations．　The
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Figure　4．1：　An　example　of　facial　images

STEP　1：　C　olle　ction　of　facial　images
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Figure　4．2：　ldentification　process　based　on　the　division　of　facial　image
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facial　image　which　includes　the　artificial　photographic　fluctuations　is　di－

vided　into　some　regions，　and　then　the　attributes　for　the　identification　are

extracted　on　each　region．　The　pattern　recognition　based　on　the　MTS　is

carried　out　by　using　the　Mahalanobis　space　which　is　constructed　from　the

multi－dimensional　training　data　and　the　Mahalanobis　distance　which　is

七he　evaluation　criterion　of　similarity．　Therefore，　the　Mahalanobis　space

is　constructed　from　the　attributes　on　each　region　of　each　person．　The

pattern　recognition　of　unknown　facial　image　is　executed　on　each　region

of　each　person．　The　method　j　udges　which　person　the　unknown　facial　im－

age　belongs　to　on　the　basis　of　the　Mahalanobis　distance　on　each　region

of　each　person．　The　detail　of　each　step　is　shown　below．

4．2．3　Artificial　Fluctuation

In　the　pattern　recognition　based　on　the　MTS，　the　robustness　against

．noises　can　be　implemented　by　giving　artificial　noises　to　the　training　data

because　the　MTS　performs　the　pattern　recognition　based　on　the　c6rrela－

tions　among　attributes　which　is　common　in　the　multi－dimensional　train－

ing　data．　ln　this　study，　the　robustness　against　photographic　fiuctuations

in　real　environment　is　implemented　by　inserting　artificial　photographic

fluctuations　into　training　facial　image．　The　details　of　the　fluctuations

used　in　this　study　are　as　follows．

1．　Lighting　fluctuation：　The　lighting　fluctuation　is　inserted　into　the

　　facial　image　by　varying　the　value　of　a　for　determining　the　strength

　　of　edge　extraction　in　the　Global　Range　Edge　Detection　Method　［9］．

　　The　detail　of　the　Global　Rage　Edge　Detection　is　described　in　Section

　　2　of　Chapter　2　and　Section　2　of　Chapter　3．　ln　addition，　an　example

　　of　artificial　lighting　fluctuations　based　on　the　Global　Rage　Edge　De－

　　tection　Method　is　shown　in　Figure　3．1．　This　parameter　is　changed

　　from　1・1　to　O．7　at　in七ervals　of　O．05．　Thus，　nine　kinds　of　arti丘cial

　　lighting　fiuctuation　are　created．

2．　Face　position　fluctuation：　The　face　position　fluctuation　is　pro－

　　duced　by　moving　the　edge　extracted　facial　image　in　four　directions；

　　i．e．，　up，　down，　right　and　left．　The　edge　extracted　facial　image　is

　　moved　to　6　pixels　at　intervals　of　2　pixels．　Therefore，　thirteen　kinds

　　of　face　position　fluctuation　are　produced．

3．　Face　size　fluctuation：　The　edge　extracted　facial　image　is　expand－

　　ed　and　shrunk　［10］．　The　parameter　for　expansion　is　varied　between
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Figure　4．3：　An　example　of　artificial　face　size　fiuctuations

1．1　and　0．9　at　intervals　of　O．05．　Thus，　five　kinds　of　face　size　fluctu－

ation　are　created．　An　example　of　face　size　fluctuations　is　shown　in

Figure　4．3．

　The　combination　of　these　fluctuations　is　applied　to　one　original　train－

ing　facial　image．　Therefore，　five　hundred　eighty－five　training　facial　images

involving　the　artificial　photographic　fluctuations　are　created　from　an　o－

riginal　training　facial　image．　An　example　of　training　facial　images　which

include　the　combina七ion　of　these　ar七ificial　photographic　fluctuations　is

shown　in　Figure　4．4．

4．2．4　Pattern　Recognition　based　on　MTS

The　training　facial　images　which　include　the　artificial　photographic　fluc－

tuations　are　divided　into　some　regions．　After　the　division，　the　attributes

used　fbr　the　pattern　recognition　are　extracted　on　each　region　of七he　train－

ing　facial　images．　ln　this　study，　the　attributes　based　on　differential　char－

acteristic　and　integral　characteristic　are　employed．　The　Mahalanobis　s－

pace　is　constructed　on　each　region　from　these　attributes　extracted．　And
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Figure　4．4：　An　example　of　training　facial　images　involving　the　combination　of　three

artificial　photographic　fluctuations

then，　unknown　facial　image　is　divided　into　same　region　as　the　training

facial　image．　The　pattern　recognition　based　on　the　MTS　is　performed　on

each　region　of　each　person．　Therefore，　Mahalanobis　distance　is　obtained

on　each　region　of　each　person　as　the　result　of　pattern　recognition　for　an

unknown　facial　image．　lt　is　j　udged　which　person　in　facial　image　database

the　unknown　facial　image　is　by　integrating　some　Mahalanobis　distances

for　each　person．　The　detail　of　each　operation　is　described　in　the　earli－

er　chapters．　The　detail　of　extraction　method　based　on　the　differential

and　integral　characteristics　are　described　in　Section　6　of　Chapter　1　and

Section　3　of　Chapter　2．　The　details　of　the　construction　method　of　Ma－

halanobis　space　and　the　calculation　method　of　the　Mahalanobis　distance

are　described　in　Section　6　of　Chapter　1．
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4．2．5 Identification　based　on　lntegration　of　Mahalanobis　dis－
tances

In　the　proposed　face　identification　method，　the　Mahalanobis　distance　is

calculated　on　each　region　of　each　person．　The　identification　of　unknown

facial　image　is　performed　by　integrating　some　Mahalanobis　distances　for

each　person．　ln　this　study，　two　methods　are　employed　in　order　to　inte－

grate　some　Mahalanobis　distances．　The　details　of　these　methods　are　as

follows．

1．　PROP（SUM）：　The　Mahalanobis　distance　between　the　unknown

　　facial　image　and　the　Mahalanobis　space　is　calculated　on　each　region

　　of　each　person．　The　sum　of　Mahalanobis　distance　on　each　region　is

　　calculated　for　each　person．　The　unknown　facial　image　is　j　udged　to

　　belong　to　the　person　which　has　the　minimum　total　of　these　Maha－

　　lanobis　distances．　This　process　represented　by　formula　is　as　follows．

　　　　　　M　N
DIp）　一　Si）　S　dE・9・）

　　　　　　i＝1ゴ＝1

（4．1）

min（D（i），　・　・　・　，　D＠））
（4．2）

D　（P）

d！ヲ）

p

M，N

：　Sum　of　Mahalanobis　distance　on　each　region　for

　　person　p

　　Mahalanobis　distance　on　region　（i，」’）　of　person　p

　　The　number　of　persons　in　facial　image　database

：　The　number　of　division　（M　×　N）

2．　PROP（MIN）：　The　person　which　has　the　minimum　Mahalanobis

　　distance　be七ween七he　unknown　facial　image　and　the　Mahalanobis

　　space　is　determined　on　each　region．　The　number　of　region　which

　　has　the　minimum　Mahalanobis　distance　is　counted　on　each　person．

　　The　unknown　facial　image　is　j　udged　to　belong　to　the　person　which

　　has　the　maximum　number　of　the　regions　that　have　the　minimum

　　Mahalanobis　distance．　This　process　is　formulated　as　follows．

ω
毎
　
γ
－

N
Σ
』

M
Σ
剛
＝
z

ω （4．3）
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max（R（i），　・　e　・　，　R！p））
（4．4）

rlゴー｛1：4募）一min（嬬O　：　otherwise），…，d穿））

Rlp）　：　The　number　of　region　which　has　the　minimum　Maha－

　　　　　　　lanobis　distance　for　person　p

riS・）　：　The　variable　to　find　the　region　which　has　minimum

　　　　　　　Mahalanobis　distance

4．3 Experimental　Method

1　designed　the　following　experiments　with　some　subj　ects　in　order　to　con－

firm　the　effectiveness　of　the　proposed　method．　The　detail　of　experimental

method　is　described　below．

　In　this　experiment，　twenty－six　students　were　recruited　from　Hokkaido

University．　I　took　two　facial　images　on　each　subject．　One　facial　image

was　used　as　the　original　training　facial　image，　and　another　was　used　as　the

original　unknown　facial　image．　1　took　the　original　unknown　facial　image

at　intervals　of　several　days　after　having　taken　the　original　training　facial

image　in　order　to　take　the　original　unknown　facial　image　involving　natural

appearance　fiuctuations．　Figure　4．5’ 唐?ｏｗｓ　an　example　of　original　training

facial　images　and　original　unknown　facial　images　on　some　subj　ects．　As

shown　in　Figure　4．5，　the　original　unknown　facial　images　have　a　little

difference　from　the　original　training　facial　images　in　terms　of　photography

and　appearance．

　Five　hundred　eighty－five　training　facial　images　were　created　on　each

subject　by　inserting　the　artificial　photographic　fluctuations，　described　in

Section　2，　into　one　original　training　facial　image．　The　Mahalanobis　space

on　each　subject　was　constructed　on　the　basis　of　these　training　facial

images　involving七he　ar七ificial　photographic且uctuations．

　In　this　experiment，　1　divided　the　facial　image　into　4　×　4　regions　（16

regions）．　lt　is　likely　that　the　noises　can　b　e　removed　from　t　he　effective

region　for　the　identification　in　the　case　where　facial　image　is　divided

into　many　regions．　However，　the　division　of　facial　image　into　too　many

regions　produces　the　region　which　does　not　include　any　edges，　which　has

bad　effect　upon　the　identification．　Therefore，　1　emplQyed　4　×　4　as　the

耳umber　of　division　so　tha七such　region　is　no七crea七ed．
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Origi　al　Training　facial　image

At　int　ervals　of

sevelal　days

Original　Unlmown　facial　image

Figure　4．5：　An　example　of　original　training　facial　images　and　original　unknown　facial

lmages

　1　drew　the　parallel　lines　on　each　region　of　the　facial　image　at　intervals

of　5　pixels　for　the　extraction　of　attributes　based　on　the　differential　and

integral　characteristics．　Therefore，　the　number　of　attributes　along　the

rows　was　30　and　that　down　the　columns　was　also　30　on　each　region．　I

constructed　the　Mahalanobis　space　from　60　attributes　for　each　region．

　Moreover，　in　this　experiment，　1　used　the　facial　images　which　includ－

ed　the　artificial　photographic　fluctuations　as　the　unknown　facial　images，

which　are　created　by　inserting　the　artificial　photographic　fluctuations　in－

to　the　original　unknown　facial　image．　These　artificial　fluctuations　are

described　in　Section　2．　However，　the　amount　of　face　position　fluctuation

was　changed　to　4　pixels　from　6　pixels．　Therefore，　the　number　of　unknown

facial　images　for　the　identification　was　10530　（26　persons　x　405　unknown

facial　images）．

In　the　proposed　method，　the　Mahalanobis　distance　which　was　calcu－

lated　on　each　region　was　treated　as　1000　if　the　Mahalanobis　distance

exceeds　1000　because　too　large　Mahalanobis　distance　is　ineffective　for

PROP（SUM）．

　Moreover，　1　designed　two　experiments　using　the　conventional　method

in　order　to　compare　with　the　proposed　face　identification　method．
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1．　CNV（120）：　ln　this　method，　the　same　training　facial　images　in－

　　volving　the　artificial　photographic　fluctuations　that　were　used　in　the

　　proposed　method　were　employed．　ln　this　experiment，　1　drew　the　par－

　　allel　lines　on　a　whole　of　the　facial　image　at　intervals　of　10　pixels，　and

　　the　attributes　based　on　the　differential　and　integral　characteristics

　　were　extracted．　Therefore，　the　number　of　attributes　along　the　rows

　　was　60　and　that　down　the　columns　was　also　60．　The　Mahalanobis

　　space　on　each　subject　was　constructed　on　the　basis　of　these　120　at－

　　tributes．　The　identification　of　unknown　facial　image　was　performed

　　on　the　basis　of　the　Mahalanobis　distance　between　the　unknown　fa－

　　cial　image　and　the　Mahalanobis　space　on　each　person．　Thus，　the

　　unknown　facial　image　was　j　udged　to　belong　to　the　Mahalanobis　s－

　　pace　having　the　shortest　Mahalanobis　distance．

2．　CNV（240）：　ln　the　same　training　facial　images　as　CNV（120），　I

　　drew　the　parallel　lines　on　a　whole　of　facial　image　at　intervals　of　5

　　pixels．　Thus，　in　this　experiment，　the　number　of　attributes　was　240．

　　The　iden七ification　method　was　equal　wi七h　CNV（120）．

4e4　Experimental　Result

The　experimental　results　are　shown　in　Table　4．1　and　Figure　4．6．　Table

4．1　shows　the　rate　of　correct　identification　on　each　method．　ln　table　4．1，

the　results　of　conventional　system　were　51．0　％　in　CNV（120）　and　59．0　％

in　CNV（240），　respectively．　On　the　other　hand，　the　ra七e　was　61．1％in

PROP（SUM）　and　65．1　％　in　PROP（MIN）．　Especially，　the　identification

rate　of　CNV（240）　was　lower　than　PROP（MIN）　by　6．1　％　though　the　lines

for　the　extraction　of　attributes　were　drawn　on　same　positions　of　facial

image　as　PROP（MIN）．　This　result　revealed　that　the　division　of　facial

image　could　allow　effective　implementat　ion　of　robust　face　identification．

　Moreover，　PROP（MIN）　was　superior　to　PROP（SUM）　for　the　proposed

method．　ln　the　pattern　recognition　based　on　the　MTS，　the　Mahalanobis

distance　rapidly　increases　when　the　unknown　datum　differs　from　the

training　da七a　which　are　used　to　cons七ruct　the　Mahalanobis　space．　Name－

ly，　the　sum　of　Mahalanobis　distance　will　become　considerably　large　when

the　region　in　unknown　datum　differs　from　the　region　in　the　training　da－

ta．　Therefore，　it　is　likely　that　PROP（MIN）　could　get　high　rate　of　correct

identification　in　comparison　with　PROP（SUM）．

　Furthermore，　1　investigated　the　position　of　the　region　which　had　short－

est　Mahalanobis　distance　in　unknown　facial　images　which　were　correctly
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CNV（120） CNV（240） PROP（SUM） PROP（MIN）
51．0 59．0 61．1 65．1一

Table　4．1：　Identification　rate　（oro）

　　　　Vl　V2　V3　V4

H1

且2

且3

H4

！’ r…隅　・門一～一・一＿＿

Figure　4．6：　Frequency　of　shortest　Mahalanobis　distance　on　each　region　of　unknown　facial

images　which　were　correctly　identified

identified．　Figure　4．6　indicates　the　number　of　times　that　shortest　Maha－

lanobis　distance　was　indicated　on　each　region　of　unknown　facial　images

which　were　correctly　identified．　ln　Figure　4．6，　the　frequency　on　the　re－

gions　of　H2　and　Hl　was　larger　than　other　regions．　lt　is　likely　that　the

frequency　on　these　regions　became　large　because　these　regions　included

the　eyes　and　eyebrows　which　were　effective　information　for　the　face　iden－

tification．　However，　the　frequency　on　the　regions　of　Hl　was　lower　than

the　regions　of　H2．　lt　is　reasonable　to　suppose　that　the　frequency　on　the

regions　of　H　l　was　small　in　comparison　with　the　regions　of　H2　because

there　were　many　cases　where　the　hair，　i．e．，　noise，　were　included　in　the

regions　of　H　l．　ln　addition，　the　average　number　of　the　regions　which　had

the　shortest　Mahalanobis　distance　in　an　unknown　facial　image　which　was

identified　correctly　was　4．9．

　These　results　revealed　that　the　proposed　method　could　implement　ef－

fective　face　identification　by　performing　the　correct　recognition　on　the

regions　which　did　not　include　so　much　noise．
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4．5 Discussion

In　the　previous　experiment，　1　designed　the　experiment　with　the　facial

images　which　did　not　include　background．　However，　it　is　likely　that　the

proposed　method　is　also　effective　in　the　case　where　the　facial　image　in－

volving　background　is　used　for　the　identification．　Therefore，　1　designed

aface　identification　experimen七using　the　facial　image　involving　back－

ground　in　order　to　confirm　it．　Furthermore，　1　investigated　the　relation

between　the　number　of　division　and　the　identification　rate　by　changing

the　number　of　division．　The　experimental　method　except　the　number

of　division　was　same　as　the　previous　experiment　using　the　facial　image

which　did　not　include　background．　The　experimental　results　are　shown

in　Table　4．2，　Figure　4．7，　Figure　4．8　and　Figure　4．9．

　　In　Table　4．2，　the　rate　of　correct　identification　was　7．0　％　in　CNV（120）

and　5．5　％　in　CNV（240），　respectively．　This　result　revealed　that　the　in－

crease　of　the　number　of　attributes　might　decrease　the　rate　of　correct

identification　in　the　case　where　the　facial　image　which　included　a　large

quantity　of　noise　such　as　background　was　used　as　the　identification　target

in　the　face　identification　using　the　conventional　method．　On　the　other

hand，　the　rates　of　correct　identification　in　the　proposed　method　were

higher　than　the　conventional　method．　Therefore，　it　is　obvious　that　the

proposed　method　is　more　effective　than　the　conventional　method　in　the

case　where　the　facial　images　which　include　background　are　used　for　the

identification．　Moreover，　the　rate　of　correct　identification　increased　in

accordance　with　the　increase　of　the　number　of　division，　and　the　highest

rate　of　correct　identification　was　indicated　in　the　case　of　the　division　of

6×6．　What　this　result　makes　clear　is　that　the　noises　were　removed　from

the　region　which　included　the　internal　features　by　increasing　the　number

of　division．　Namely，　the　internal　features　on　face　could　be　effectively　used

for　the　identification．

　Figure　4．7，　Figure　4．8　and　Figure　4．9　illustrate　the　number　of　times

that　shortest　Mahalanobis　distance　was　indicated　on　each　region　of　un－

known　facial　images　which　were　correctly　identified　on　each　number　of

division．　From　these丘gures，　I　fbund　that　the　frequency　on七he　regions

which　included　eyes　and　eyebrows　was　large　in　comparison　with　other

regions．　Therefore，　it　is　likely　that　eyes　and　eyebrows　were　important

internal　features　to　identify　person．　Moreover，　in　these　figures，　the　fre－

quency　on　the　regions　which　included　face　was　large　in　comparison　with

the　regions　which　included　background．　This　result　revealed　that　the

proposed　method　avoided　using　the　regions　including　background　and
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Conventional　Method Division　2　x　2

CNV（120） CNV（240） PROP（SUM） PROP（MIN）
7．0 5．0 7．9 8．0

Division　4　x　4 DivisiOI16×6

PROP（SUM） PROP（MIN） PROP（SUM） PROP（MIN）
12．8 18．1 11．0 26．5

Table　4．2：　ldentification　rate　（90）

Hl

H2

Vl V2

Figure　4．7：　Fhrequency　of　shortest　Mahalanobis　distance　on　each　region　of　unknown　facial

images　which　were　correctly　identified　（2×2）

used　effectively　the　region　including　face　for　the　identification　when　the

correct　identification　was　performed．

　In　the　case　where　the　facial　image　including　background　was　used，　the

highest　rate　was　indicated　in　the　division　of　6×6．　However，　the　regions

which　do　not　include　any　edges　will　be　produced　when　the　facial　image

will　be　divided　into　more　regions．　The　region　which　does　not　include　any

edges　is　ineffective　for　the　identification，　so　that　may　decrease　the　rate　of

correct　identification．　Furthermore，　the　region　which　includes　only　one

internal　feature　will　be　also　produced．　The　MTS　is　the　pattern　recogni－

tion　method　which　can　consider　the　correlations　among　the　attributes．

Therefore，　it　is　likely　that　the　identification　which　considers　the　relation一一

s　among　the　internal　features　on　face　can　not　be　performed　when　such

regions　are　produced．　ln　addition，　the　computational　cost　is　high　when
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Figure　4．8：　Frequency　of　shortest　Mahalanobis　distance　on　each　region　of　unknQwn　facial

images　which　were　correctly　identified　（4×4）
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Figure　4．9：　Frequency　of　shortest　Mahalanobis　distance　on　each　region　of　unknown　facial

images　which　were　correctly　identified　（6×6）

156

灘灘二丁灘i灘羅灘難難灘灘丁丁丁丁丁丁i難鑛灘灘羅灘難i縫灘懸灘灘難難難．



the　number　of　regions　is　large．　Therefore，　appropriate　number　of　division

has　to　be　decided　in　accordance　with　the　purpose．

　　Although　the　rate　of　correct　identification　was　higher　than　the　conven－

tional　method，　it　was　low　in　terms　of　the　development　of　practical　face

identification　system．　Therefore，　1　have　to　improve　the　performance　of

the　proposed　method．　ln　this　study，　the　facial　image　was　divided　into

some　simple　regions．　These　regions　were　same　shape　and　the　overlap　was

not　allowed．　However，　the　rate　of　correct　identification　changed　in　accor－

dance　with　the　number　of　regions，　i．e．，　the　size　of　region．　Therefore，　it　is

likely　that　the　performance　of　the　proposed　method　can　be　improved　by

changing　the　shape　of　region，　by　allowing　the　overlap　or　by　searching　the

effective　position　of　region．

　In　the　proposed　method，　two　simple　methods　to　integrate　some　Maha－

lanobis　distances　were　employed．　The　more　effective　face　identification

may　be　able　to　be　implemented　by　employing　other　methods　such　as

weighted　Mahalanobis　distances　or　considering　the　relation　among　these

Mahalanobis　distances．　These　are　my　future　works．

4e6 Conclusion

In　this　chapter，　1　proposed　a　face　identification　method　based　on　the

division　of　facial　image　in　order　to　implement　robust　face　identification

against　appearance　fluctuations．　Moreover，　1　confirmed　the　effective－

ness　of　the　proposed　method　through　the　practical　experiment　with　some

subjects．　The　experimental　results　revealed　that　the　proposed　method

could　allow　effec七ive　implementa七ion　of　robust　face　identification　against

appearance　fluctuations　in　comparison　with　the　conventional　method．

Moreover，　1　found　that　the　proposed　method　was　more　robust　against

background　in　comparison　with　the　conventional　method．　However，　in

the　face　identification　using　the　facial　image　which　included　background，

the　rate　of　correct　iden七i丘cation　was　low　in　terms　of　the　development　of

practical　face　identification　system　although　it　was　higher　than　the　con－

ventional　method．　Therefore，　1　have　to　improve　the　performance　of　the

proposed　method．　ln　the　experiment，　the　facial　image　was　divided　into

simple　region．　ln　addition，　the　integration　method　of　the　Mahalanobis

distances　which　were　calculated　on　these　regions　was　simple．　Therefore，

it　is　likely　that　the　performance　of　the　proposed　method　can　be　improved

by　employing　effective　method　for　the　division　and　the　integration．　These

are　my　future　works．
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贈

5．1 Introduction

As　a　research　theme　of　the　engineering，　human　face　has　been　focused　on

in　order　to　develop　effective　and　user－friendly　human　interfaces　［1］［2］．　Es；

pecially，　the　development　of　the　face　recognition　methods　to　recognize　or

understand　the　information　which　face　represents　in　the　face－to－face　com－

munication　is　required．　As　one　of　evaluation　of　face　recognition　methods，

the　development　of　face　recognition　methods　which　have　the　consisten－

cy　with　human　cognitive　structure　of　face　is　taken　up．　Therefore，　it　is

necessary　to　acquire　the　scientific　knowledge　about　face　cognitive　mod－

el　of　human　and　reflect　the　acquired　knowledge　to　the　face　recognition

methods．　Namely，　the　structure　to　recognize　face　which　human　has　must

be　acquired．　From　this　background，　the　research　on　the　face　cognitive

model　acquisition　of　human　has　been　carried　out．

　Oda　et　al．　proposed　a　facial　image　database　retrieval　task　method　as

a　computer－based　method　to　acquire　the　face　cognitive　model　of　human

［3］　［4］　．　ln　this　method，　some　facial　images　stored　in　a　facial　image　database

are　simultaneously　presented　to　a　subject．　The　subject　is　asked　to　select

many　facial　images　which　are　suitable　for　a　particular　retrieval　goal　from

the　presented　facial　images．　The　subject　evaluates　the　presented　facial

images　and　then　selects　the　facial　images　which　satisfy　the　retrieval　cri－

terion．　The　set　of　facial　images　judged　to　satisfy　the　retrieval　criterion

by　the　subj　ect　is　retrieved　by　repeating　this　operation．　The　retrieved

facial　images　reflect　the　face　cognitive　model　of　the　subject　because　the

facial　images　are　retrieved　on　the　basis　of　the　face　cognitive　model　for

a　particular　retrieval　goal．　Therefore，　the　face　cognitive　model　can　be

acquired　by　investigating　the　factors　which　are　common　in　these　facia1
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images　retrieved．　ln　this　method，　the　subj　ect　only　selects　the　suitable

face　images　for　a　particular　retrieval　goal．　Thus，　this　method　has　the

advantage　that　it　is　easy　to　acquire　the　accurate　face　cognitive　model　for

various　face　impressions　or　targets　by　its　indirect　or　implicit　approach　to

the　acquisition　of　face　cognitive　model．

　　In　this　method，　it　is　ideal　that　the　subj　ect　decides　the　suitable　facial

images　for　the　retrieval　goal　after　evaluating　all　facial　images　which　are

st．ored　in　the　facial　image　database　in　order　to　implement　the　acquisition

of　accurate　face　cognitive　model　because　the　subject　does　not　khow　the

kinds　of　facial　images　stored　in　the　facial　image　database，　However，　it　is

considerably　diMcult　to　evaluate　all　facial　images　stored　in　the　facial　im－

age　database．　Therefore，　if　the　subject　evaluates　the　facial　images　stored

in　a　part　of　the　facial　image　database　with　compromise，　it　is　diMcult　to

acquire　the　accurate　face　cognitive　model．　Moreover，　in　the　case　where

the　subject　d・es　n・t　kn・w　the　facial　images　st・red　in七he　facial　image

database，　it　is　likely　that　the　subj　ect　gradually　forms　a　new　face　cogni；

tive　model　which　is　suitable　for　the　facial　images　stored　in　facial　image

database　during　the　retrieval　task．　Therefore，　the　function　to　assume　the

face　cognitive　model　of　the　subject　on　each　step　and　to　present　appro－

priate　facial　images　for　the　recent　face　cognitive　model　of　the　subject　is

required　in　order　to　acquire　more　accurate　face　cognitive　model　of　the

s．ubject　in　the　face　cognitive　model　acquisition　based　on　the　facial　image

database　retrieval　task　method．

　In　this　chapter，　1　propose　a　face　cognitive　model　acquisition　method　us－

ing　the　Interactive　Genetic　Algori七hm（IGA）in　order　to　acquire　accura七e

face　cognitive　model　in　the　facial　image　database　retrieval　task　method．

The　IGA　is　a　method　to　generate　the　individuals　which　reflect　human

subjectivity　or　Kan－sei　by　introducing　the　artificial　selection　by　a　human

instead　of　the　natural　selection　in　the　conventional　Genetic　Algorithm

（GA）．　The　IGA　is　focused　on　the　recent　development　of　Kan－sbi　engi－

neering　or　human　interface，　and　it　is　applied　to　various　fields　［5］［6］．　ln

addition，　the　research　on　the　facial　image　retrieval　based　on　the　IGA　is

also　carried　out　and　it　is　reported　that　the　facial　images　refiecting　human

subjectivity　or　Kan－sei　can　be　retrieved　by　using　the　IGA　［7］．　However，　in

the　facial　image　retrieval　using　the　conventional　IGA，　only　facial　images

selected　by　the　user　in　each　evaluation　step　are　employed　as　the　parents

in　next　generation．　The　children　are　generated　by　applying　the　genetic

operators　to　these　parents　and　then　the　facial　images　are　retrieved　on

the　basis　of　these　children　generated．　ln　this　case，　it　is　likely　that　the
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Cacia．1　image－s　presented　to　the　user　may　be　limited　in　the　facial　image

database．　Namely，　the　initial　convergence　problem　in　the　search　probleV

based　on　the　GA　may　arise．　Therefore，　it　is　difficult　to　acquire　accurate

face．．codgnitiye　model　in　the　case　where　the　conventional　IGA　is　merely

applied　to　the　problem　of　the　face　cognitive　model　acquisition．　ln　th’

proposed　method，　1　improve　the　conventional　IGA　so　that　the　facial　im－

ages　which　reflect　the　face　cognitive　model　of　the　subject　and　have　the

diversity　can　be　presented　to　the　subject．　ln　the　face　cognitive　mod－

el　．acquisition　based　on　facial　image　database　retrieval　task　method，　the

subj　ect　gradually　forms　an　appropriate　face　cognitive　model　for　the　facial

images　stored　in　the　facial　image　database　through　the　evaluation　of　the

facial　images．　lt　has　been　reported　that　the　context　of　stimuli　in　succes－

sive　presentation　infiuences　the　cognitive　model　formation　process　in　the

human　brain．　Therefore，　in　the　proposed　method，　the　fitness　function　in

which　the　retrieval　history　can　be　considered　is　used　to　assume　appropri－

ate　face　cognitive　model　of　the　subject　on　each　step．　Moreover，　in　the

proposed　method，　the　natural　selection　based　on　this　fitness　function　is

erpployed　in　order　to　maintain　the　diversity　of　facial　images．　lt　is　likely

that　the　accurate　face　cognitive　model　of　the　subject　can　be　acquired

by　using　the　combination　of　the　retrieval　history，　natural　selectioh　and

artificial　selection．　Finally，　1　confirm　the　effectiveness　of　the　proposed

method　through　the　retrieval　experiment　using　some　subjects．

　This　chapter　is　organized　as　follows：　ln　Section　2，　the　facial　image

database　retrieval　in　this　study　will　be　explained．　ln　Section　3，　1　will

propose　a　face　cogni七ive　model　acquisition　method　using　the　IGA．　The

experimental　method　using　some　subjects　will　be　described　in　Section　4．

In　Section　5，　the　experimental　result　will　be　mentioned．　ln　Section　6，　the

Ieatures　of　the　proposed　method　and　future　works　are　discussed．　Finally，

1　will　finish　this　chapter　with　the　conclusions．

5．2 Facial　lmage　Database　Retrieval

The　facial　image　database　retrieval　used　in　this　study　is　described　below．

5．2．1　Facial　Image

In　this　study，　1　employ　a　line－draw　facial　image　as　the　retrieval　object．

The　purpose　of　this　study　is　to　acquire　the　face　cognitive　model　of　hu－

man．　lt　is　clear　that　human　receives　various　impressions　from　a　line－draw

facial　image　and　has　the　face　cognitive　model　for　a　line－draw　facial　image・
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Figure　5．1：　An　example　of　facial　image

Therefore，　1　use　the　line－draw　facial　image　as　a　toy　problem　in　the　face

cognitive　model　acquisition　in　order　to　simplify　the　construction　of　facial

image　database　and　the　experiment　to　confirm　the　effectiveness　of　the

proposed　method．

　　The　facial　image　database　in　this　study　contains　nearly　60，000　line－draw

facial　images，　each　of　choosing　particular　values　for　10　facial　features．

The　facia．1　fe4tures　used　are　face　shape　（FS），　eyebrow　tilt　（BT），　eyebrow

position　（BP），　eye　shape　（ES），　eye　position　（EP），　nose　length　（NL），　nose

ppsiSion　（NP），　mouth　length　（ML），　mouth　position　（MP）　and　edr　pbSition

（RP）．　There　are　three　possible　values　｛一1，0，1｝　for　ea’ch　facial　featu’re，　thus

producing　59，049　（i．e．，　3iO）　possible　faces．　However，　it　is　supposed　that

tbe　subj　ect　does　not　know　that　the　facial　image　is　created　by　combining

the　value　on　each　facial　feature　when　the　subject　performs　the　faciaT

image　database　retrieval　task．　An　example　of　the　facial　image　used　in

this　study　is　shown　in　Figure　5．1．

　It　is　desirable　that　the　photographic　facial　image　is　used　as　the　re－

trieval　obj　ect　to　acquire　the　face　cognitive　model　which　is　utilized　for　the

practical　face　recognition．　However，　it　has　been　reported　that　the　face

cognitive　model　acquisition　using　the　photographic　facial　image　can　be

implemented　by　using　the　features　based　on　the　KL　expansion　instead

・f　the　shape　features・n　face　which　are　diMcult七・extract［8］．　That　is，

the　photographic　facial　image　can　be　treated　as　the　combination　of　the

163

　　　　　　　　　　　　　　　　　　　　　　　　ゆは　ま 繋灘灘鑛霧灘鍮
　　　　　　　　　　　　まあ　　
　　灘灘鱗tH、灘1灘’1

．
灘
羅

灘羅灘難鱗．、。難



pumerical　datum　in　the　same　way　as　the　line－draw　facial　image．　There－

fore，　the　proposed　face　cognitive　model　acquisition　method　can　be　used　in

the　case　where　the　photographic　facial　image　is　employed　as　the　retrieval

object．

5．2．2　Facial　lmage　Retrieval　Process

The　facial　image　retrieval　process　in　the　facial　image　database　retrieval

task　method　is　as　follows．

1．　N　facial　images　randomly　chosen　from　the　facial　image　database　are

　　presented　to　the　subject．

2．　The　subject　selects　one　or　some　facial　images　which　are　suitable　for

　　the　retrieval　goal．

3．　New　facial　images　are　retrieved　from　the　facial　image　database　on

　　the　basis　of　the　presumption　of　the　subject’s　face　cognitive　model

　　and　then　they　are　presented　to　the　subject．

4．　The　subject　repeats　this　process　when　the　requirement　to　finish　the

　　retrieval　task　is　not　satisfied．

When　the　subject　starts　a　retrieval　task，　ten　line－drawn　facial　images

randomly　chosen　from　the　facial　image　database　are　simul七aneously　pre－

sented　on　a　computer　display　because　there　is　no　information　to　assume

the　face　cognitive　model　of　the　subj　ect．　The　subject　evaluates　them　and

selects　face　or　faces　which　meet　his　or　her　selection　criterion　of　the　re－

trieval　goal．　The　subj　ect　is　allowed　to　select　as　many　facial　images　as

he　or　she　wishes，　so　long　as　they　meet　his　or　her　selection　criteria．　The

facial　images　selected　by　the　subject　are　stored　in　the　background　buffer．

The　facial　images　presented　to　the　subject　in　next　step　are　decided　on

the　basis　of　the　presumption　of　the　subject’s　face　cognitive　model．　The

suitable　facial　images　for　the　retrieval　goal　are　retrieved　by　repeating　this

operation．

　The　background　buffer　can　hold　up　to　10　of　the　most　recently　selected

facial　images．　The　subj　ect　can　at　any　time　call　up　and　re－evaluate　the

currently－held　facial　images　and　can　decide　whether　to　retain　or　discard

any　of　them．　Moreover，　when　the　numb　er　of　the　currently－held　facial

images　exceeds七en，　the　facial　image　is　au七〇matically　discarded　in　the　old

order　of　subj　ect’s　selection．　Figure　5．2　shows　the　interface　for　the　facial

image　database　retrieval　task　method．
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5．3

Figure　5．2：　lnterface　for　the　facial　image　database　retrieve　task　method

Face　Cognitive　Model　Acquisition　Method　us－

ing　IGA

The　detail　of　the　face　cognitive　model　acquisition　method　using　the　IGA

is　described　below．

5．3．1　Cording

Basically，　in　the　proposed　method，　the　facial　images　presented　to　the

subject　are　retrieved　from　facial　image　database　on　the　basis　of　the　indi－

viduals　generated　by　the　GA．　Therefore，　the　facial　image　must　be　encoded

into　the　individual　treated　in　the　GA．　ln　the　coding　of　each　individual，

the　values　of　the　facial　features　in　the　facial　image　are　encoded　into　the

individual．　The　facial　image　used　in　this　study　consists　of　ten　facial　fea－

tures，　and　each　facial　feature　takes　a　particular　value　from　three　kinds

of　value．　Therefore，　the　length　of　individual　is　ten，　and　each　locus　takes

165

ウ 舜 纏…購騨羅二丁購丁丁灘丁丁灘欝響響響：網；誉：遍．

↑
●
　
ー
ー
由
博
ー
レ
♂
」
‘
i
－
㌃

竃
冨
■
鳳
●
■
己
■
1
■
－
奄
騨



晒
》
’
・
　
　
　
難

　
談

酵
　
軍

”

醐

慧蜘
4

。
殴
ぜ
綻

≒
＾

慧

　ま　ズ　　じ

矯｝需　　　・　　脳

　　　　懸蟻
　　L｛l　l
　“藻　、　　　　　　　螺

嚢灘’

鐸t　鑛
繊 嚢

。護懇

ぎ留

¢イ　　覗湾

灘
　　　奈

諜

瀬

o o
1 o 110

－110

1 1 O．　1－11一・1

OIO11
o 一1

or1　1・・110

一111

011 0
δ

110　1－1

o 1 1 o 1 o

FS　BP　BT　EP　ES　NP　NS　MP　MS　RP

Figure　5．3：　An　example　of　the　coding

a　value　on　each　facial　feature．　ln　the　case　where　the　photographic　fa－

q’al　image　is　used，　it　may　occur　that　the　facial　image　corresponding　with

the　in　　　　　dividual　does　not　exist　in　the　facial　image　database．　HoweVer，　in

this　study，　the　individual　perfectly　corresponds　with　a　particular　facial

image　in　the　facial　image　da七abase　because七he　line－draw　facial　image　is

employed．　Figure　5．3　shows　an　example　of　the　coding．

5．3．2　Presumption　Method　of　Face　Cognitive　Model　based　on
　　　　　　IGA

In　the　proposed　method，　the　face　cognitive　model　of　the　subject　on　each

step　is　presumed　on　the　basis　of　the　fitness　function　in　which　the　retrieval

history　is　considered．　The　presumption　process　in　this　study　is　as　follows．

1．　The　fitness　value　for　each　individual　is　calculated　on　the　basis　of

　　the　facial　images　stored　in　the　background　buffer，　i．e．，　the　retrieval

　　history．

2．　The　natural　selection　is　performed　by　using　the　calculated　fitness

　　values　of　individuals，　and　the　individuals　employed　as　the　parents　in

　　next　generation　are　decided．
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3．　The　children　are　generated　by　applying　the　genetic　operators　to　the

　　parents．

4．　The　fiSness　vqlues　of　the　generated　children　are　calculated　by　using

　　same　fitness　function．

5．　Ten　children　having　large　fitness　value　are　selected．

6．　The　facial　images　corresponding　with　the　ten　children　are　retrieved

　　from　the　facial　image　database．

7．　The　retrieved　facial　images　are　presented　to　the　subject．

　Carrying　out　above　process，　the　face　cognitive　model　of　the　subj　ect

is　presumed　and　the　suitable　facial　images　for　the　face　cognitive　model

on　each　step　are　presented　to　the　subject．　The　detail　of　each　genetic

operation　in　this　process　is　described　below．

5．3．3　Genetic　Operation

5．3．3．1　Fitness　Einction

The　subj　ect　forms　a　new　face　cognitive　model　which　is　suitable　for　the

facial　images　stored　in　the　facial　image　database　during　the　retrieval　task

in　the　face　cognitive　model　acquisition　based　on七he　facial　image　database

retrieval　task　method．　lt　has　been　reported　that　the　context　of　stimuli

M　successive　presentation　influences　the　cognitive　model　formation　pro－

cess　in　the　human　brain．　Thus，　it　is　likely　that　more　appropriate　face

cognitive　model　of　the　subj　ect　can　be　presumed　by　considering　the　con－

text　of　stimuli，　namely，　the　retrieval　history，　so　that　the　effective　face

cognitive　model　acquisition　can　be　implemented．　ln　this　fitness　function，

the　fitness　value　of　the　individual　is　calculated　by　considering　not　only

the　information　of　the　facial　images　selected　on　each　step　but　also　the

retrieval　history．　The　fitness　function　employed　in　this　study　is　described

below　and　illustrated　in　Figure　5．4．

　　　　　　　　　　　　　　　　　　　　　　　　　　

F伽e88（Xh）＝Σ’ωi（β一Σ1吻一飢んゴD
　　　　　　　　　　　　　　i∈B（k）　　　　　　　ゴ＝1

（5．1）

xh　：　The　facial　image　xh　in　which　the　fitness　value　is　calculated

xhj　：　The　value　of　the　facial　feature　1’　on　the　facial　image　xh
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Figure　5．4：　Calculation　method　of　the　fitness　value
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The　value　of　the　facial　feature　2’　on　the　facial　image

xi　which　is　stored　in　the　background　buffer

Weight　for　the　facial　image　xi

Attenuation　rate　（cr　〈　1）

Current　generation　number

The　generation　in　which　the　facial　image　xi　s－

tored　in　the　background　buffer　was　selected　by　the

subj　ect

A　set　of　the　facial　images　which　are　stored　in　the

background　buffer　in　the　generation　k

The　number　of　facial　features　on　the　facial　image

Constant　（6）20）

　In　this　fitness　function，　the　Euclidean　distance　between　the　facial　image

for　calculating　the　fitness　value　and　each　facial　image　stored　in　the　back－

ground　buffer　is　calculated．　The　difference　between　5　and　the　Euclidean

distance　is　calculated　in　order　to　give　the　large　fitness　value　to　the　facial

images　which　are　similar　to　the　facial　images　stored　in　the　background

buffer．　This　difference　is　multiplied　by　the　weight　wi　based　on　the　re－

trieval　history．　The　weight　is　determined　on　the　basis　of　the　generation

Ti　in　which　the　facial　image　xi　stored　in　the　background　buffer　was　select一
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ed　by　the　subject．　The　sum　of　the　values　is　treated　as　the　fitness　value　of

each　individual．　ln　this　fitness　function，　the　information　of　the　facial　im－

age　selected　in　the　recent　generation　is　emphasized　and　the　information

of　the　facial　images　selected　in　the　initial　generation　is　de－emphasized　by

using　the　weight　wi．　lt　is　likely　that　the　facial　images　selected　in　the

recent　step　remarkably　reflect　the　recent　face　cognitive　model　of　the　sub－

ject・Theref・re，　the　large舳ess　value　is　given　t・七he　facial　image　which　is

similar　to　the　facial　image　selected　in　the　recent　step　by　using　this　fitness

function．　The　facial　images　which　reflect　much　information　on　the　facial

images　which　are　selected　in　recent　step　are　presented　to　the　subject　by

using　this　assignment　method　of　the　fitness　value．

　　The　calculation　of　the　fitness　value　is　performed　on　the　past　facial

images　evaluated　by　the　subject　until　the　current　generation．　All　facial

images　stored　in　the　facial　image　database　can　be　employed　as　the　target

facial　images　in　which　the　fitness　value　is　calculated．　However，　it　is　time

consuming　because　there　are　a　large　number　of　facial　images　in　the　facial

image　database．　Therefore，　the　facial　images　presented　to　the　subj　ect　in

past　generation　are　used　as　the　target　facial　images　in　which　the丘tness

value　is　calculated．

　In　this　fitness　function，　the　fitness　value　for　each　individual　is　calculated

on　the　basis　of　the　Euclidean　distance．　lt　has　been　reported　that　the　sim－

ilarity　among　facial　images　corresponds　with　the　Euclidean　distance　［9］．

Therefore，　in　this　study，　the　Euclidean　distance　is　employed　to　measure

the　similarity　among　the　facial　images．

　Moreover，　the　natural　selection　based　on　the　calculated　fitness　value　is

performed．　The　kind　of　facial　images　presented　in　the　next　generation　is

limited　in　the　case　where　the　parents　in　the　next　generation　are　decided

only　by　the　artificial　selection．　Therefore，　the　diversity　of　individuals

which　is　the　advantage　in　the　GA　is　lost，　and　the　problem　of　initial

convergence　in　the　search　problem　may　occur．　The　diversity　of　the　facial

images　can　be　maintained　by　perfbrming七he　natural　selection　in　the

large　population．　ln　addition，　the　fitness　values　of　the　children　generated

by　applying　the　genetic　operators　to　the　parents　are　calculated　with　this

fitness　function．　The　facial　images　corresponding　to　the　individuals　which

have　the　large　fitness　value　are　presented　to　the　subject．　lt　is　likely　that

the　facial　images　which　have　the　diversity　and　are　suitable　for　the　face

cognitive　model　of　the　subject　can　be　presented　to　the　subject　by　this

operation．
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5・3e3．2　Natural　Selection

1　use　the　roulette　strateg　y　for　the　natural　selection．　ln　the　natural　s－

election　based　on　the　roulette　strategy，　the　individual　is　stochastically

chosen　as　the　parent　in　the　next　generation　in　accordance　with　its　fitness

value．　In　this　natural　selection，　the　number　of　individuals　selected　as　the

parents　is　p，　and　the　duplication　is　allowed．

5．3．3．3　Crossover

The　children　which　inherit　the　features　of　the　parents　are　generated　by

the　crossover　opera七〇r．　In　this　crossover，　I　use七he　unifbrm　crossover　op－

erator．　The　uniform　crossover　operator　can　generate　the　children　which

are　not　influenced　by　the　sequence　of　the　features　of　parents．　The　gener－

ation　method　of　the　children　based　on　the　uniform　crossover　operator　is

illustrated　in　Figure　5．5．　As　shown　in　Figure　5．5，　a　mask　is　prepared　in

order　to　generate　two　children　from　two　parents．　The　mask　takes　either　1

0r　O　on　each　feature．　lf　the　value　of　mask　is　1　on　each　feature，　the　feature

of．parent　xi　is　inherited　to　the　child　x’i　and　the　feature　of　parent　x」　js

inherited　to　the　child　x’］・．　Conversely，　if　the　value　of　mask　is　O，　the　feat’
浮窒

of　parent　xi　is　inherited　to　the　child　x’i・　and　the　feature　of　the　parent　x」

is　inherited　to　the　child　x’i．　ln　the　GA，　various　crossover　operators　have

been　proposed，　e．g．，　one　point　crossover　operator，　two　point　crossover

operator　and　so　on．　The　one　point　crossover　operator　is　superior　to　the

uniform　crossover　operator　in　terms　of　t　he　convergence　speed．　ln　the

case　where　the　uniform　crossover　operator　is　employed，　the　performance

in　the　convergence　speed　will　decay　［10］．　However，　the　uniform　crossover

operator　can　present　the　facial　images　having　the　diversity　to　the　subj　ect．

5．3．3．4　Mutation

The　mutation　operator　stochastically　converts　a　value　on　each　locus　of

the　individuaL　In　this　study，1／m　is　employed　as　the　muta七ion　rate．

5．4 Experimental　Method

1　designed　the　experiments　with　some　subjects　in　order　to　confirm　the

effectiveness　of　the　proposed　me七hod．　The　experimen七al　me七hod　is　de－

scribed　below．

　In　this　experiment，　six　subj　ects　were　recruited　from　Hokkaido　Univer－

sity．　The　subj　ects　received　the　instruction　of　the　facial　image　database
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Figure　5．5：　An　example　of　uniform　crossover

retrieval　and　then　the　retrieval　practice　was　given　to　the　subjects　in　order

to　familiarize　themselves　with　the　facial　image　database　retrieval　and　the

mouse　operation．　After　the　instruction　and　the　practice　retrieval，　the

facial　image　retrieval　experiment　was　started．

　In　this　experiment，　two　different　methods　were　employed　in　order　to

compare　with　the　proposed　method　（IGA　method）．　One　is　the　RN

method　which　presents　the　facial　images　chosen　randomly　from　the　facial

image　database　to　the　subject．　Another　is　the　AS　method　which　decides

the　parents　in　next　generation　by　the　artificial　selection，　which　is　used　in

the　conventional　IGA．　ln　the　AS　method，　the　facial　images　selected　on

each　s七ep　by　t　he　subj　ect　were　employed　as　the　parents　in　next　generation，

and　the　children　were　generated　by　applying　the　genetic　operator　or　op－

erators　to　these　parents．　That　is，　the　children　were　generated　only　by　the

mutation　operator　when　the　subject　selected　one　facial　image，　and　they

were　generated　by　the　crossover　and　mutation　operators　when　the　subj　ect

selected　some　facial　images．　Moreover，　the　application　of　the　crossover

and　mutation　operators　to　the　facial　image　or　facial　images　which　were

selected　by　the　subject　was　continued　until　the　facial　images　which　were

different　from　the　facial　images　presented　already　were　generated．　1　em－

ployed　the　uniform　crossover　as　the　crossover　operator　in　the　AS　method．

In　the　conventional　IGA，　the　user　has　to　select　one　individual　at　least　on

each　step．　However，　in　the　face　cognitive　model　acquisition　based　on　the

facial　image　database　retrieval　task　method，　there　may　be　the　case　where
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the　selection　by　the　subject　is　not　performed　when　the　suitable　facial　im－

ages　for　the　retrieval　goal　are　not　presented．　Therefore，　in　the　AS　method，

the　facial　images　chosen　randomly　from　the　facial　image　database　were　p－

resented　to　the　subject　when　the　selection　was　not　performed．　Moreover，

1　assigned　six　experiment　sequences　to　each　subject　in　order　to　remove

the　influence　of　experiment　sequence　from　the　experimental　result．

　　In　this　experiment，　there　were　five　different　retrieval　tasks；　i．e．，　”fa－

vorite　face”，　”nervous　face”，　”childish　face”，　”serious　face”　and　”similar

face”．　ln　the　similar　face　retrieval　task，　a　particular　target　face　such　as

Figure　5．1　was　given　to　the　subjects　and　then　the　subjects　were　asked　to

retrieve　the　facial　images　that　they　judge　are　mos七similar　to　a　particular

target　face．　ln　other　retrieval　tasks，　called　the　face　impression　retrieval

task，　the　subj　ects　were　asked　to　retrieve　the　facial　images　in　which　a

particular　target　impression　was　most　received．　The　face　impressions　re－

trieval　task　was　the　experiments　to　confirm　the　basic　performance　for

the　face　cognitive　model　acquisition．　On　the　other　hand，　the　similar　face’

retrieval　task　was　the　experiment　to　evaluate　the　proposed　method　in　the

convergence　performance　point　of　view．　ln　addition，　in　these　retrieval

tasks，　the　subjects　were　asked　to　c．ontinue　the　retrieval　task　until　they

were　satisfied　with　ten　facial　images　in　the　background　buffer．

　The　parameter　setting　used　in　the　IGA　method　is　as　follows．

e　Population　size：　200

e　Crossover　rate：　O．3

e　Mutation　rate：　O．1

e　a：　O．9

e　5：　20

　These　parameters　were　employed　in　order　to　prevent　the　initial　conver－

gence　and　to　maintain　the　diversity　of　facial　images．

5e5 Experimental　Result

The　experimental　results　of　the　face　impression　retrieval　task　and　the

similar　face　retrieval　task　are　described　below．
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5．5．1　Experimental　Result　of　Face　lmpression　Retrieval　Task

The　experimental　results　are　shown　in　Table　5．1，　Figure　5．6　and　Figure

5’．7．　In　Table　5．1，　Step　and　Time　are　the　number　of　steps　and　the　time

which　the　subjects　took　to　complete　the　face　impression　retrieval　task，

respectively．　These　results　are　the　average　of　24　experiments；　ie．，　4

face　impression　retrieval　tasks　×　6　subjects．　ln　the　face　cognitive　model

acquisition　based　on　the　facial　image　database　retrieval　task　method，　it

is　employed　as　a　measurement　criterion　to　evaluate　its　effectiveness　that

the　subjects　can　retrieve　appropriate　facial　images　in　a　small　number　of

steps　and　in　a　short　time．

　　In　Table　5．1，　the　number　of　steps　was　27．5　for　IGA，　30．5　for　AS　and

34．0　for　RN．　ln　addition，　to　complete　the　face　impression　retrieval　task，

the　subj　ects　took　5　minutes　35　seconds　for　IGA，　7　minutes　37　seconds

for　AS　and　5　minutes　35　seconds　for　RN．1　found　from　these　results　that

the　subjects　could　complete　the　retrieval　task　with　IGA　in　the　smallest，

number　of　steps．　However，　the　subject　could　comple七e　the　retrieval　task

with　RN　in　the　shortest　time．　1　calculated　the　evaluation　time　for　the

one　step　in　order　to　investigate　this　cause，　which　is　calculated　by　dividing

the　retrieval　time　by　the　number　of　steps．　The　result　was　10　seconds　for

RN，　13　seconds　for　IGA　and　15　seconds　for　AS．　This　result　suggests　that

in　RN，　the　total　time　taken　to　complete　the　retrieval　task　was　shortest

in　three　methods　because　the　subjects　encountered　many　faces　that　they

were　able　to　quickly　discount　as　unsuitable　for　their　face　cognitive　model．

In　AS，　the　subj　ects　took　long　evaluation　time　for　the　one　step．　1　could

obtain　from　a　subject　the　verbal　report　that　it　is　diMcult　to　recognize　the

difference　among　the　facial　images　presented　on　the　display　because　the

similar　faces　to　each　other　were　presented．　Therefore，　it　is　likely　that　the

totql　time　taken　to　complete　the　retrieval　task　was　long　in　AS．　On　the

other　hand，　it　seems　to　be　that　in　IGA，　the　result　of　total　time　which　was

shorter　than　AS　and　was　longer　than　RN　was　indicated　because　the　facial

images　which　reflected　the　face　cognitive　model　of　the　subj　ects　and　which

had　the　diversity　were　presented　to　the　subj　ect．　Moreover，　the　analysis

of　variance　was　applied　to　these　results　of　Step　and　Time．　However，　the

statistically　significant　result　was　not　indicated．　ln　the　result　of　the　face

impression　retrieval　task，　its　difference　among　t　he　subj　ects　was　large．　ln

addition，　the　number　of　subj　ects　was　small．　Therefore，　it　is　likely　that

this　result　is　caused　by七he　number　ofthe　subjects　and　the　kind　of　the

retrieval　task．

　The　most　important　criterion　to　evaluate　the　performance　of　the　face
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Step Time

RN 34．0 5min．35　sec．
AS 30．5 7min．37　sec．
IGA 27．5 5min．53　sec．

Table　5．1：　Experimental　results　of　face　impression　retrieval　task

cognitive　model　acquisition　based　on　the　facial　image　database　retrieval

task　method　is　the　quality．of　the　facial　images　re七rieved　by　the　subjects．

The　quality　evaluation　of　the　facial　images　was　performed　in　the　nervous

face　retrieval　task　by　using　the　Analy七ic　Hierarchy　Pr・cess（AHP）［11］．

The　AHP　is　the　method　to　decide　the　priori七y　fbr　the　evaluation　objects

by　performing　pairwise　comparison　among　the　evalua七ion　objects．　In

order　to　evaluate　the　quality　of　the　facial　images，　there　is　a　method　that’

the　subjects　select　most　appropriate　facial　image　from　the　facial　images

which　were　retrieved　by　using　each　method．　However，　more　accurate

quali七y　evalua七ion　can　be　implemented　by　using　the　AHP．

　　In　the　quality　evaluation　of　the　facial　images　based　on　the　AHP，　at

first，　the　subj　ects　were　asked　to　select　two　facial　images　which　were　most

suitable　for　the　retrieval　goal　in　the　facial　images　retrieved　by　using　each

method．　The　pairwise　comparison　among　these　six　facial　images　chosen

was　perfbrmed．　In　the　AHP，　the　pairwise　comparison　is　difHcult　when

the　number　of　evaluation　objects　exceeds　seven．　Therefbre，　two　most

appropriate　facial　images　retrieved　by　each　method　were　chosen，　and　the

pairwise　comparison　was　performed　by　using　these　siX　facial　images．　The
　　　　　　　　　　　　　

palrwlse　comparison　among　the　facial　images　was　perfbrmed　by　using

the　table　such　as　Figure　5．6（the　name　of　me七hod　was　not　described　in

the　table）．　In　this　pairwise　comparison，　nine　grade　evaluation　criteria

including”Same”was　employed．　For　example，　as　shown　in　Figure　5．6，

the　subjects　inserted　9　into　the　corresponding　position　if　the　facial　image

on　the　right　hand　side　was　absolutely　more　suitable　for　the　re七rieval　goal

than　the　facial　image　on　the　lefb　hand　side，　or　the　subjects　inserted　1／3

into　the　corresponding　Position　if　the　facial　image　on七he　lef七hand　side

was　weakly　more　suitable　fbr七he　retrieval　goal　than　the　facial　image　on

the　right　hand　side・The　priorities　of　the　facial　images　were　determined　by

performing　this　pairwise　comparison．　In　the　AHP，　it　is　necessary　to　check

七he　consistency　in　the　pairwise　comparison　performed　by　the　subject．

The　consis七ency　is　around　O．1　when　the　correc七pairwise　comparison　was

174



　　　　　Rig㎞

謡　霊己
　　む

團團1
：
：
：

懇、

叢
：
：

轡
㎜

訓

ゑい　ま

》盤

IGA

鑛畿
　x．S

IGA

灘
署

　ムS

1

1

1

1

1

1

1／5　　　1！4　　　US　　　：L催 1　　　　2　　　　3　　　　4　　　　S

囲H皿s地　　　　　　　　　　　　　　　　脚嘘㎞1艶Abso！mp．　！y．Mbre　．一一一一一一一一　sant　一一一一一一一一一　Abk’iifeiSTM’　bTrfe
　S吋勧b　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　s題i加hb

Figure　5．6：　Table　for　pairwise　comparison

「
ー
ー
噌
’
て

」
－
　

∩
U

騒Hghesヒ

■Lρwesヒ

　

1

儲1

　。ミ
ma．萎

　　ms 剛

Figure　5．7：　Quality　of　the　retrieved　facial　images

175



performed．　However，　there　is　the　case　where　the　consistency　of　around

Q．15　is　employed　according　to　the　purpose．　ln　the　comparison　of　face，

there　may　be　the　case　where　the　consistency　is　not　kept．　Therefore，　in　this

method，　the　consistency　under　O．15　was　allowed．　When　the　consistency

exceeded　O．15，　the　subjects　re－performed　the　pairwise　comparison．

　　Figure　5．7　shows　the　result　of　the　quality　evaluation．　The　Highest　and

Lgwgst　in　Figure　5．7　indicate　the　number　of　times　that　the　facial　images

which　were　retrieved　by　each　method　had　the　highest　priority　and　tT ?
?lowest　priority，　respectively．　In　addition，　this　is　authentic　result　because

the　mean　consistency　of　the　pairwise　comparison　was　O．0869．

As　shown　in　Figure　5．7，　in　IGA，　the　number　of　Highest　was　largest

and　the　number　of　Lowest　was　smallest．　This　result　suggests　that　the

subject　could　retrieve　the　most　appropriate　facial　images　for　the　retrieval

goal　with　IGA．　That　is，　the　effective　face　cognitive　model　acquisition　can

be　implemented　by　using　the　proposed　method．　On　the　other　hand，　the

number　of　Lowest　was　largest　in　AS．　lt　is　inferred　from　this　result　that’

the　initial　convergence　might　occur　in　AS．

　It　was　found　from　these　results　that　the　more　satisfactory　facial　images

as　retrieval　goal　could　be　retrieved　in　the　small　number　of　steps　and

in　the　short　time　by　using　the　proposed　method　than　the　conventional

method　although　the　statistically　significant　result　could　not　be　obtained．

Namely，　these　results　revealed　that　the　proposed　method　can　implement

effective　face　cognitive　model　acquisition．　，

5．5．2　Experimental　Result　of　Similar　Face　Retrieval　Task

The　experimental　results　of　the　similar　face　retrieval　task　are　shown　in

Table　5．2，　Figure　5．8　and　Figure　5．9．　ln　the　same　way　as　the　result　of　the

face　impression　retrieval　task，　Step　and　Time　in　Table　5．2　mean　the　num－

ber　of　steps　and　the　time　which　the　subjects　took　to　complete　the　similar

face　retrieval　task，　respectively．　The　Distance　in　Table　5．2　indicates　the

sum　of　the　Euclidean　distances　between　the　facial　images　retrieved　by

the　subjects　and　the　target　face．　These　results　are　the　averages　of　the

retrieval　experiments　on　six　subjects．

　As　shown　in　Table　5．2，　the　number　of　steps　was　36．3　for　IGA，　63．3

for　AS　and　77．1　for　RN，　respectively．　Moreover，　the　result　of　the　time

which　the　subject　took　to　complete　the　similar　face　retrieval　task　was　6

minutes　9　seconds　for　IGA，　8　minutes　49　seconds　for　AS　and　8　minutes　9

seconds　for　RN．　I　found　from　these　results　that　in　IGA，　the　subj　ect　could

complete　the　similar　face　retrieval　task　in　the　smallest　number　of　steps
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Step Time Distance

RN 77．1 8min．9sec． 65．7

AS 63．3 8min．49　sec． 54．6

IGA 36．3 6min．9sec． 62．6

Table　5．2：　Experimental　results　of　similar　face　retrieval　task

and　the　shortest　time．　ln　this　experiment，　the　analysis　of　variance　was

also　applied　to　these　results　of　Step　and　Time．　Although　the　statistically

significant　result　could　not　be　obtained　in　these　results，　there　is　a　high

possibility　that　the　statistically　significant　result　can　be　obtained　in　the

similar　face　retrieval　task　by　increasing　the　number　of　subjects　because

the　difference　among　the　subjects　was　not　so　large．

　　The　result　of　the　sum　of　the　Euclidean　distances　between　the　target“

face　and　the　facial　images　retrieved　was　62．6　for　IGA，　54．6　for　AS　and

65．7　for　RN．　Moreover，　the　sum　of　the　Euclidean　distances　between　the

target　face　and　the　facial　images　presented　on　each　step　is　shown　in

Figure　5．8．　These　results　suggest　that　in　the　case　of　RN，　the　result　of　the

Euclidean　distance　to　the　target　face　was　large　because　the　similar　facial

images　to　the　target　face　were　not　frequently　presented　to　the　subjects．

In　AS，　the　facial　images　which　had　the　shortest　Euclidean　distance　to

the　target　face　in　three　methods　were　retrieved．　The　AS　has　superior

performance　to　retrieve　similar　facial　images　because　the　parents　in　next

generation　are　decided　only　on　the　basis　of　the　facial　images　selected

by　the　subj　ects．　However，　as　shown　in　Figure　5．9，　the　variance　of　the

facial　images　presented　on　each　step　rapidly　decreased　in　the　initial　step．

That　is，　it　is　likely　that　the　initial　convergence　problem　arose　in　AS．

Therefore，　it　is　reasonable　to　suppose　that　the　number　of　steps　and　the

time　were　large　and　long，　although　the　Euclidean　distance　between　the

target　face　and　the　facial　images　retrieved　was　small．　On　the　other　hand，

in　IGA，　the　sum　of　the　Euclidean　distances　between　the　target　face　and

the　facial　images　retrieved　was　larger　than　AS．　As　shown　in　Figure　5．8，　in

IGA，　the　convergence　speed　was　slow．　Therefore，　it　is　likely　that　in　IGA，

the　subj　ect　could　not　retrieve　similar　facial　images　to　the　target　face　in

the　small　number　of　steps　and　the　short　time．　The　convergence　speed

can　be　improved　by　adj　usting　the　parameter　settings．　However，　too　fast

convergence　speed　may　prevent　the　acquisition　of　accurate　face　cognitive

model．　Thus，　the　appropriate　parameter　settings　must　be　performed　so
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that　the　performance　of　the　acquisition　of　face　cognitive　model　does　not

decreased．

5．6 Discussion

In　this　chapter，　1　proposed　a　face　cognitive　model　acquisition　method

using　the　IGA，　and　con丘rmed　i七s　effectiveness　through　the　retrieval　ex－

periment　with　some　subj　ects．　The　experimental　results　revealed　that　the

subject　could　retrieve　the　facial　images　which　were　more　suitable　for　the

retrieval　goal　by　using　the　proposed　method　in　the　small　number　of　steps

and　the　short　time　than　the　method　using　the　conventional　IGA．　This

result　makes　it　clear　that　more　accurate　face　cognitive　model　can　be　ac－

quired　by　the　proposed　method．　lt　is　likely　that　the　employment　of　the

combination　of　retrieval　history，　natural　selection　and　artificial　selection

was　effective　for　t　he　face　cognitive　model　acquisition　based　on　the　facial

image　database　retrieval　task　method．　However，　the　statistical　signifi一’

cance　result　could　not　be　obtained　in　the　number　of　steps　and　the　time

that　the　subjects　took　to　complete　the　retrieval　task．　To　demonstrate　the

statistically　significance　result，　it　is　necessary　to　design　the　retrieval　ex－

periments　with　many　subj　ects　because　the　number　of　subjects　was　small

in　this　experiment．

　　In　the　proposed　method，　the　retrieval　history　was　utilized　in　the　cal－

culation　of　the　fitness　value　for　the　individual．　ln　the　case　where　the

conventional　IGA　is　used　for　the　face　cognitive　model　acquisition　based

on　the　facial　image　database　retrieval　task　method，　there　is　a　possibility

that　the　evolution　proceeds　into　undesirable　direction．　ln　the　proposed

method，　the　high　weight　is　given　to　the　facial　image　which　is　newly　select－

ed，　i．e．，　the　facial　image　which　is　newly　stored　in　the　background　buffer．

In　addition，　the　subject　can　re－evaluate　and　discard　at　any　time　the　facial

images　stored　in　the　background　buffer．　Therefore，　the　subj　ect　may　be

able　to　change　the　evolution　direction　by　re－evaluating　and　discarding　the

facial　images　stored　in　the　background　buffer．　The　investigation　for　the

adj　ustment　of　the　evolution　direction　is　one　of　my　future　works．

　Moreover，　in　the　proposed　method，　the　information　of　the　facial　images

stored　in　the　background　buffer　was　used　in　the　calculation　of　the　fitness

value　as　the　retrieval　history．　Namely，　the　information　of　the　facial　images

selected　by　the　subject　only　was　considered　in　order　to　presume　the　face

cognitive　model．　However，　the　facial　images　which　are　not　selected　by

the　subject　may　also　con七ain　the　infbrmation　fbr　the　face　cognitive　mode1
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of　the　subject．　Therefore，　it　is　likely　that　more　effective’method　can　be

implemented　by　considering　both．

　　In　this　method，　the　facial　images　evaluated　once　were　not　presented　to

the　subject　again．　However，　in　the　face　cognitive　model　acquisition　based

on　the　facial　image　database　retrieval　task　method，　the　face　cognitive

model　of　the　subject　may　change．　That　is，　the　facial　images　j　udged　to　be

not　suitable　for　the　face　cognitive　model　once　may　change　to　the　suitable

fac．ial　images　fo．r　the　fage　cog．nitive　model　in　the　future　step．　Therefore，

it　is　necessary　to　examine　whether　the　facial　images　evaluated　once　by

the　subject　should　be　presented　to　the　subjects　or　not．

　Finally，　the　facial　image　used　in　this　study　was　the　line－draw　facial

image　and　the　number　of　attributes　was　ten．　lt　is　diMcult　to　obtain

the　large　difference　among　the　methods　in　the　case　where　the　number　of

attributes　is　small．　Therefore，　the　effectiveness　of　the　proposed　method

should　be　also　confirmed　in　the　photographic　facial　image　database．

5．7 Conclusion

In　this　chapter，　1　proposed　a　face　cognitive　model　acquisition　method

using　the　IGA　in　order　to　implement　the　acquisition　of　accurate　face　cog－

nitive　model　in　the　facial　image　database　retrieval　task　method．　More－

over，　1　confirmed　the　effectiveness　of　the　proposed　method　through　the

retrieval　experiment　with　some　subjects．　The　experimental　results　re－

vealed　that　the　effective　face　cognitive　model　acquisition　based　on　the

facial　image　database　retrieval　task　method　could　be　implemented　by　us－

ing　the　proposed　method．　However，　it　is　likely　that　the　efficiency　of　the

proposed　method　can　be　promoted　by　finding　more　appropriate　fitness

function　and　parameter　settings．　Furthermore，　in　this　study，　1　used　the

line－draw　facial　image　in　order　to　simplify　the　construction　of　the　facial

image　da七abase　and　the　evaluation　of　the　proposed　method．　However，

the　face　cognitive　acquisition　with　photographic　facial　image　should　be

implemented　to　acquire　the　face　cognitive　model　which　is　utilized　for　the

face　recognition　methods．　These　are　my　future　works．
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This　chapter　is　concerned　with　the　future　works　in　my　study．　The

prospec七fbr　the　development　of　comprehensive　face　recognition　sys七em

which　can　be　constructed　by　using　the　face　recognition　methods　proposed

in　this　dissertation　is　described，　and　several　application　fields　in　which

such　face　recognition　system　can　be　utilized　are　discussed．

　In　this　doctoral　dissertation，　a　facial　expression　recognition　method

based　on　the　MTS，　a　robust　face　identification　method　against　the　light－

ing　and　face　position　fluctuations　and　a　robust　face　identification　method

against　the　appearance　fluctuations　were　proposed．　One　of　further　di－

rections　of　this　study　will　be　to　combine　these　proposed　methods．　As　a

beginning，　in　the　facial　expression　recognition，　the　facial　expression　recog－

nition　method　which　is　robust　against　the　photographic　fluctuations　and

appearance　fluctuations　will　be　implemented　by　combining　these　meth－

ods．　Moreover，　the　performance　of　facial　expression　recognition　will　be

improved　by　introducing　the　function　of　face　identification　into　the　facial

expression　recognition．　That　is，　the　personalization　in　the　facial　expres－

sion　recognition　can　be　performed．　On　the　other　hand，　needless　to　say，

the　robust　face　identification　against　the　photographic　and　the　appear－

ance　fiuctuations　can　be　realized．　The　robust　face　identification　against

facial　expressions　will　be　also　carried　out．

　Furthermore，　in　this　dissertation，　the　face　cogni七ive　model　acquisition

method　using　the　IGA　was　proposed　in　order　to　implement　the　face　recog－

nition　methods　which　have　the　consistency　with　the　face　cognitive　struc－

ture　of　human．　Therefore，　it　is　obvious　that　the　facial　expression　recog－

nition　and　face　identification　which　have　the　consistency　with　the　face

cognitive　structure　of　human　will　be　implemented．　The　comprehensive
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face　recognition　system　which　is　robust　against　various　fluctuations　and

has　the　consistency　with　the　face　cognitive　structure　of　human　will　be

realized　by　combining　the　advantages　of　the　proposed　face　recognition

methods．

　In　addition，　the　knowledge　about　the　face　cognitive　structure　of　human

which　is　obtained　by　using　the　face　cogni七ive　model　acquisition　method

can　be　not　only　used　for　the　face　recognition　but　also　be　utilized　for　the

face　composition．　Recently，　the　research　on　the　face　which　is　composed

by　using　computer　graphics　and　animation　technologies　has　been　carried

out　in　order　to　implement　user－friendly　man－machine　interfaces．　This

subj　ect　is　called　the　face　composition．　The　considerably　true－to－life　com－

position　of　virtual　human　has　come　to　be　able　to　be　accomplished　by　the

development　of　various　techniques　in　computer　graphics　and　animation

field．　However，　the　purpose　of　the　face　composition　is　the　implementa－

tion　of　the　interface　to　support　the　communication　based　on　face　between

human　and　computer　or　among　humans．　Therefore，　the　face　composed

by　computer　must　be　able　to　give　to　the　user　the　information　which

human　face　can　impart．　The　face　composition　which　can　give　such　in－

formation　to　the　user　can　be　fuMlled　by　the　knowledge　about　the　face

cognitive　structure　of　human　which　is　obtained　by　utilizing　the　face　cog－

nitive　model　acquisition　method．　What　is　more，　the　system　which　can

perform　the　communication　based　on　face　between　human　and　computer

can　be　carried　out　by　introducing　the　face　composition　function　into　the

face　recognition　system．　lf　such　system　can　be　realized，　more　effective

and　interactive　computer　environment　can　be　constructed．　The　appli－

cation　fields　in　which　the　comprehensive　face　recognition　system　or　the

face　recognition　system　with　face　composition　function　can　be　u七ilized

are　described　below．

　Recently，　the　research　on．the　communication　among　humans　utilizing

the　computer　network　environment　has　been　carried　out．　The　compre－

hensive　face　recognition　system　or　the　face　recognition　system　with　face

composition　function　can　be　utilized　for　the　communication　through　the

computer　network．　The　computer　supported　cooperative　work　and　the

virtual　reality　are　taken　up　as　the　representative　studies　of　the　communi－

cation　using　the　computer　network．　These　studies　are　briefiy　introduced

below．

1．　Computer　Supported　Cooperative　Work　（CSCW）：　With　the
　　spread　of　compu七er　network，　the　research　on　the　system　to　supPort

　　the　cooperative　work　in　a　group　through　the　computer　network　en一
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vironment　is　carried　out．　This　subject　is　called　Groupware　or　Com－

puter　Supported　Cooperative　Work　（CSCW）．　ln　the　CSCW，　some

users　perform　the　interaction　with　each　other　and　cooperatively　work

through　the　computer　network　environment．　Each　user　has　a　com－

mon　display　to　do　work．　The　figure　of　each　user　is　shown　in　this

display．　The　group　accomplishes　an　arbitrary　task　through　the　dia－

logue　concerning　the　task．　The　information　such　as　facial　expression，

line　of　sight　and　so　on　is　very　important　element　in　the　communica－

tion　based　on　the　CSCW．　That　is，　in　the　communication　based　on

the　C　S　CW，　it　is　required　to　recognize　other　user’s　facial　expressions，

to　assume　the　direction　of　the　line　of　sight　and　to　join　line　of　sight

together．　The　face　recognition　system　can　be　used　to　solve　such

problems

2．　Virtual　Reality　（VR）：　ln　the　Virtual　Reality　（VR）　environment，

　　the　figure　of　user　which　is　composed　by　computer　graphics　technique，

　　is　shown　in　the　display．　In　the　communication　among　the　users　on

　　the　VR　environment，　the　facial　expressions　are　important　element．

　　Moreover，　it　is　required　to　identify　the　person　who　communicates

　　with　oneself．　Therefbre，　the　face　recognition　sys七em　can　be　utilized

　　in　order　to　satisfy　these　requirements．

　It　is　clear　that　the　face　recognition　system　can　not　only　assist　the　com－

munication　among　humans　through　the　computer　network　but　can　also

support　the　communication　between　human　and　computer．　The　appli－

cation　fields　on　the　supPort　of七he　communica七ion　between　human　and

computer　are　briefly　introduced　below．

1．　Multi－modal　lnterface：　Recently，　various　computers　and　electric

　　appliances　have　been　developed．　They　have　many　buttons　to　oper－

　　ate　them．　The　user　has　to　read　a　thick　manual　in　order　to　master

　　its　operation．　lt　is　diflicult　to　learn　the　operation　of　computers　or

　　electric　appliances，　and　it　is　burden　for　the　user．　From　this　back－

　　ground，　the　research　on　the　user　interface　which　can　operate　the

　　computers　or　electric　appliances　by　using　facial　expression，　speech，

　　gesture　and　line　of　sight　and　so　on　is　carried　out．　This　interface

　　is　called　mul七i－modal　in七erface．　In　this　multi－modal　interface，　the

　　functions　to　recognize　the　facial　expression　and　to　identify　the　user

　　are　needed．　Therefbre，　the　face　recognition　sys七em　is　also　effective

　　for　this　mu1七i－modal　interface．
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2．　lnterface　Agent：　The　paradigm　called　agent　has　been　proposed

　　in　terms　of　the　development　of　more　user－friendly　and　usefu1　com－

　　puter　environment．　ln　this　paradigm，　the　software　is　regarded　as　a

　　faithfu1　and　dependable　servant，　and　the　software　performs　the　task

　　for　the　user　instead　of　him／her．　This　software　is　called　agent．　lt　is

　　assumed　that　agent　has　various　kinds　of　function．　The　agent　having

　　the　function　for　the　intermediation　between　human　and　computer　is

　　called　interface　agent．　Recently，　the　development　of　the　interface　a－

　　gent　with　face　called　the　humanized　agent　has　been　attempted．　The

　　humanized　agent　has　to　obtain　the　information　about　the　user　from

　　face，　e．g．，　facial　expression，　personal　data　and　so　on．　Moreover，　the

　　agent　must　give　various　kinds　of　information　to　the　user　by　using

　　own　face　composed　by　computer　graphics．　Therefore，　it　is　obvious

　　that　the　agent　must　have　the　face　recognition　function　which　can

　　fiexibly　recognize　the　user’s　face　and　the　face　composition　function

　　which　can　give　the　various　kinds　of　the　information　to　the　user．　The　’

　　face　recognition　system　with　face　composition　function　is　usefu1　for

　　this　agent　paradigm．

　As　mentioned　above，　the　comprehensive　face　recognition　system　is　ef－

fective　for　the　support　of　the　communication　among　humans　or　between

human　and　computer．　However，　each　technology　in　the　face　recognition

can　be　utilized　in　various　fields．　Therefore，　it　is　very　significant　studies

in　the　engineering　to　develop　the　effective　face　recognition　methods．
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In　this　doctoral　dissertation，　face　recognition　and　recogni七ion　methods

were　focused　on　for　the　implementation　of　flexible　and　adaptable　human

interface．　Human　face　plays　very　important　roles　in　the　face－to－face　com－

munication　among　humans　because’humans　can　obtain　various　kinds　of

the　information　such　as　intention，　emotion，　state　and　so　on　from　face．　lt　，

is　clear　that　the　effective　human　interface　can　be　implemented　if　com－

pu七er　can　recognize　or　understand　the　infbrma七ion　which　face　represents．

Therefore，　it　is　required　to　develop　the　effective　recognition　methods　for

the　information　which　face　represents，　i．e．，　face　recognition　methods．　The

face　recognition　contains　facial　expression　recognition，　facial　identifica－

tion，　facial　image　retrieval，　face　cognitive　model　acquisition　and　so　on．

In　this　dissertation，　especially，　the　facial　expression　recognition，　face　i－

dentification　and　face　cognitive　model　acquisition　were　taken　up　as　the

typical　problems　in　the　face　recognition，　and　the　face　recognition　methods

for　these　problems　were　proposed．

　　Chapter　1　was　concerned　with　the　face　recognition　and　recognition

methods．　The　typical　problems　in　the　face　recognition　were　introduced．

In　particular，　the　facial　expression　recognition，　face　identification　and

face　cognitive　model　acquisition　which　were　treated　in　this　dissertation

were　surveyed．　Moreover，　the　MTS　and　IGA　which　were　used　for　the　face

recogni七ion　me七hods　proposed　in　this　dissertation　were　explained，　and　the

recent　works　and　the　related　works　in七hese　methods　were　surveyed．

　　In　chapter　2，　a　facial　expression　recognition　based　on　the　MTS　was

proposed．　ln　the　facial　expression　recognition，　it　is　important　to　find　a

common　facial　expression　pa七tern　o：n　each　facial　expression　and　then　per。

form　the　recognition　based　on　this　pattern．　The　MTS　is　one　of　statistical

pattern　recognition　methods，　which　has　been　proposed　by　Taguchi．　ln

the　pattern　recognition　based　on七he　MTS，七he　correlations　among七he

attributes　which　are　common　in　a　set　of　multi－dimensional　training　data
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are　automatically　extracted　and　then　the　pattern　recognition　is　performed

on　the　basis　of　these　correlations．　Therefore，　the　MTS　can　allow　the　im－

plementation　of　the　facial　expression　recognition　based　on　the　common

facial　expression　pattern　on　each　facial　expression．　The　experiment　with

some　subj　ects　was　designed　in　order　to　confirm　the　effectiveness　of　the

proposed　facial　expression　recognition．　The　experimental　results　revealed

that　effective　facial　expression　recognition　could　be　implemented　by　using

the　MTS．

　　In　chapter　3，　a　robust　face　identification　method　against　lighting　and

face　position　fluctuations　was　proposed．　The　maj　or　problem　in　the　face

identification　is　to　implement　the　robustness　against　various　fiuctuation一一

s．　ln　this　chapter，　the　lighting　fiuctuation　and　face　position　fluctuation

which　inevitably　occur　in　taking　the　facial　image　were　taken　up，　and　the

implementation　of　the　robust　face　identification　against　these　fluctuation－

s　was　tried．　One　of　methods　to　implement　the　robustness　against　these

fluctua七ions　is　the　identification　based　on　many　facial　images　taken　in　var－

ious　situa七ions　ill　which　these　fluc七uations　occur．　However，　i七burdens七he

user　to　take　many　facial　images　in　various　situations．　Therefore，　in　the

proposed　method，　one　original　facial　image　of　the　user　was　taken　and　the

artificial　lighting　and　face　position　fluctuations　were　inserted　into　it．　The

robust　face　identification　against　lighting　and　face　position　fiuctuations

in　the　real　environmen七s　can　be　implemented　by　perfbrming　the　identifi－

cat　ion　based　on　the　facial　images　involving　the　artificial　fiuctuat　ions．　The

exp　eriment　with　some　subjects　was　designed，　and　the　effectiveness　and

the　robustness　of　the　proposed　face　identification　method　were　revealed

from　the　experimental　results．

　　In　chapter　4，　a　face　identification　method　based　on　the　division　of　re－

gion　on　facial　image　was　proposed．　The　implementation　of　the　robustness

against　appearance　fluctuations　such　as　hairstyle　or　glasses　are　required

in　order　to　develop　practical　face　identification　system．　ln　the　conven－

tional　face　identification，　the　attributes　used　for　the　identification　are

extracted　from　a　whole　of　facial　image　and　then　the　pattern　recognition

is　performed　by　using　them．　The　face　identification　is　performed　on　the

basis　of　the　one　evaluation　criterion　for　the　similarity　calculated　by　the

pa七tern　recogni七ion．　However，　it　is　difficult　to　implement　the　robustness

against　the　appearance　fiuctuations　by　using　the　conventional　method

b6cause　the　extracted　attributes　include　the　large　amount　of　noise　which

is　caused　by　hairstyle　or　glasses．　ln　the　proposed　method，　the　facial　im－

age　was　divided　into　some　simple　regions．　Therefore，　the　facial　image
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is　divided　into　the　regions　which　include　t　he　large　amount　of　the　noise

and　the　regions　which　do　not　include　so　much　noise．　On　each　region，　the

attributes　were　extracted　and　the　pattern　recognition　was　performed　by

using　them．　The　face　identification　was　carried　out　by　integrating　the　e－

valuation　criteria　for　the　similarity　which　were　obtained　on　these　regions．

The　robust　face　identification　against　the　appearance　fluctuations　can　be

implemented　by　dividing　the　facial　image　into　some　regions　and　perform－

ing　the　identification　based　on　the　integration　of　some　evaluation　criteria

on　these　regions，　Through　the　experiment　with　some　subjects，　the　effec－

tiveness　of　the　proposed　method　was　confirmed．　The　experimental　results

revealed　that　the　proposed　method　could　implement　more　robust　face　i－

dentification　against　the　appearance　fluctuations　than　the　conventional

method．
　　In　chapter　5，　a　face　cognitive　model　acquisition　method　using　the　IGA

was　proposed．　The　face　cognitive　model　of　human　must　be　clarified　in

order　to　develop　the　face　recognition　methods　which　have　the　consistency’

with　the　face　cognitive　structure　of　human．　Oda　et　al．　has　proposed　a

facial　image　database　retrieval　task　method　to　acquire　the　face　cogni－

tive　model　of　human．　ln　my　study，　the　acquisition　of　the　accurate　face

cognitive　model　was　attempted　by　introducing　the　IGA　in　which　human

cognitive　characteristic　is　considered　into　the　facial　image　database　re－

trieval　task　method．　The　experiments　with　some　subjects　were　designed

in　order　to　confirm　the　effectiveness　of　the　proposed　face　cognitive　model

acquisition　method．　lt　was　found　from　the　experimental　results　that　the

accurate　face　cognitive　model　of　human　could　be　acquired　by　using　the

proposed　method．
　　Chapter　6　was　related　to　the　prospect　for　the　development　of　compre－

hensive　face　recognition　system．　ln　this　dissertation，　the　face　recognition

methods　for　the　facial　expression　and　the　face　identification　were　pro－

posed。　Moreover，　the　face　cogni七ive　model　acquisition　method七〇imple－

men七the　face　recognition　methods　which　have　the　consis七ellcy　with　the

face　cognitive　structure　of　human　was　proposed．　The　facial　expression

recognition　and　face　identification　which　have　the　consistency　with　the

face　cognitive　structure　of　human　can　be　implemented　by　introducing　to

these　methods　the　knowledge　about　the　face　cognitive　model　which　is　ob－

tained　by　using　the　face　cognitive　model　acquisition　method．　Moreover，

this　face　cognitive　model　can　be　utilized　for　the　face　composition．　That　is，

the　face　composition　which　can　represent　various　kinds　of　the　information

can　be　implemented　on　the　basis　of　this　face　cognitive　model．　The　system
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which　supports　the　nonverbal　communication　using　face　between　human

and　computer　will　be　able　to　be　constructed　by　combining　the　proposed

face　recognition　methods　and　the　face　composition．　ln　this　chapter，　the

prospect　for　the　development　of　the　comprehensive　face　recognition　sys－

tem　and　the　application　fields　in　which　such　face　recognition　system　can

be　utilized　was　discussed．
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