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Face Recognition Based on
Human Visual Perception Theories and 

Unsupervised ANN 
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1. Introduction      

4*5& 6"+5& #5+%7,$8$%,& 9#%/05:& *"3& /55,& 6"+5-& 6%#& :%#5& 8*",& ;<& =5"#3(& >08*%?7*& "& 0%8& %6&
#535"#+*&*"3&/55,&-%,5@&:?+*&:%#5&#535"#+*&$3&",-&A$00&/5&#5B?$#5-&$,&%#-5#&8%&5,-&?9&A$8*&
"& #%/?38& 6"+5& #5+%7,$8$%,& 3=385:& A$8*& "& 9%85,8$"0& +0%35& 8%& *?:",& 95#6%#:",+5(& )?##5,80=&
6"+5& #5+%7,$8$%,& 3=385:3@& C1D@& #59%#8& *$7*& 95#6%#:",+5& 052503@& *%A525#& "+*$525:5,8& %6&
E<<F& %6& +%##5+8& #5+%7,$8$%,& $3& 38$00& "& +*"005,75(& G25,& :%#5@& $6& 8*5& C1D& :?38& A%#H& %,& ,%,I
+%%95#"8$25& 5,2$#%,:5,8& $83& 95#6%#:",+5& :"=& -5+#5"35& -#":"8$+"00=(& J%,I+%%95#"8$25&
5,2$#%,:5,83& "#5& +*"#"+85#$K5-& /=& +*",753& %,L& 9%35@& $00?:$,"8$%,@& 6"+$"0& 5M9#533$%,(&
4*5#56%#5& C1D& 6%#& ,%,I+%%95#"8$25& 5,2$#%,:5,8& #59#535,83& ",& "88#"+8$25& +*"005,75& 8%&
#535"#+*5#3&A%#H$,7&%,&8*5&6"+5&#5+%7,$8$%,&"#5"(&
!%38& %6& 8*5& A%#H& 9#535,85-& $,& 8*5& 0$85#"8?#5& -5"0$,7& A$8*& 8*5& 6"+5& #5+%7,$8$%,& 9#%/05:&
6%00%A3&",&5,7$,55#$,7&"99#%"+*&8*"8&$,&3%:5&+"353&-%&,%8&$,+%#9%#"85&$,6%#:"8$%,&6#%:&"&
93=+*%0%7$+"0& %#& ,5?#%3+$5,+5& 95#395+8$25(& '8& $3& %?#& $,85#538& $,& 8*$3& :"85#$"0@& 8%& 3*%A& *%A&
$,6%#:"8$%,&6#%:&8*5&93=+*%0%7$+"0&",-&,5?#%3+$5,+5&"#5"3&:"=&+%,8#$/?85&$,&8*5&3%0?8$%,&%6&
8*5& 6"+5& #5+%7,$8$%,& 9#%/05:(& 4*5& :"85#$"0& +%25#5-& $,& 8*$3& +*"985#& $3& "$:5-& 8%& 3*%A& *%A&
N%$,8& H,%A05-75& 6#%:& *?:",& 6"+5& #5+%7,$8$%,& ",-& ?,3?95#2$35-& 3=385:3& :"=& 9#%2$-5& "&
#%/?38&"085#,"8$25&+%:9"#5-&A$8*&%8*5#&"99#%"+*53(&
4*5& 93=+*%0%7$+"0& ",-& ,5?#%3+$5,+5& 95#395+8$253& 3*%A3& 52$-5,+5& 8*"8& *?:",3& "#5& -5590=&
35,3$/05& 8%& 8*5& 6"+5& +*"#"+85#$38$+& +%,6$7?#"8$%,@&/?8& 8*5&9#%+533$,7&%6& 8*$3& +%,6$7?#"8$%,& $3&
#538#$+85-& 8%& 6"+53& $,& "& 6"+5I?9& 9%3$8$%,& O4*%:93%,@& EPQ<R@& OS"?8*$5#@& T<<TR(& 4*$3&
9*5,%:5,%,&3?775383&8*"8&8*5&6"+5&95#+598$%,&9#%+533&$3&"&*%0$38$+&+%,6$7?#"/05&3=385:(&
>08*%?7*&3%:5&A%#H&*"3&/55,&-%,5&$,&8*535&"#5"3@&$8&$3&38$00&?,+5#8"$,@&*%A&8*5&6"+5&65"8?#5&
5M8#"+8$%,& 9#%+53353& $3& "+*$525-& /=& "& *?:",& /5$,7(& >,& $,85#538$,7& +"35& $3& "/%?8& ,5A/%#,&
6"+5&65"8?#5&5M8#"+8$%,(&D8?-$53&%,&,5A/%#,3&-5:%,38#"85&8*"8&/"/$53&95#+5$25&"&+%:905850=&
-$66?35&A%#0-@&",-&8*5$#&6"+5&95#+598$%,&",-&#5+%7,$8$%,&$3&/"35-&%,&+?#253&",-&0$,53&6#%:&
8*5&6"+5&OU%A5#@&T<<ER@&OV%*,3%,@&T<<ER@&OJ503%,@&T<<ER@&OW?$,,&58&"0(@&T<<ER&",-&OD0"85#&>(&X&
W?$,,@&T<<ER(&
J%A"-"=3@& 8*5#5& 5M$383& 3%:5& #535"#+*& A%#H& %,& 6"+5& #5+%7,$8$%,& 8*"8& *"3& $,85,-5-& 8%&
$,+%#9%#"85&93=+*%0%7$+"0&",-&,5?#%3+$5,+5&95#395+8$253&OU0",K&X&Y5885#@&T<<;R@& OU?#8%,&58&O
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Source: State of the Art in Face Recognition, Book edited by: Dr. Mario I. Chacon M.,  
ISBN -3-902613-42-4, pp. 250, January 2009, I-Tech, Vienna, Austria
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"0(@&EPPPR(&Z%A525#@& 8*5&3%0?8$%,&8%&8*5&6"+5&#5+%7,$8$%,&9#%/05:&$3&38"85-&%,0=&%,&/"353&%6&
:"8#$M&%95#"8$%,3&",-&75,5#"0&9"885#,&#5+%7,$8$%,&:58*%-%0%7$53@&A$8*%?8&+%,3$-5#$,7&%8*5#&
"#5"3&"3&2$3?"0&95#+598$%,(&
[,& 8*5& 5,7$,55#$,7& "#5"@& 9"885#& #5+%7,$8$%,& 3=385:3& "99#%"+*53& %665#& "& 0"#75& 2"#$58=& %6&
:58*%-3(& ',& #5+5,80=& =5"#3@& ?,3?95#2$35-& 3=385:3& *"25& 9#%2$-5-& "& ,5A& 9"#"-$7:& 6%#& 8*5&
9"885#,&#5+%7,$8$%,&9#%/05:&O)*"+%,&X&1":$#5K@&T<<\"R(&4*535&3=385:3&"00%A&-"8"&:$,$,7&
%#& -"8"& -$3+%25#$,7& $,6%#:"8$%,& 8*"8& 8#"-$8$%,"0& 9"885#,& #5+%7,$8$%,& 3=385:3& -%& ,%8&
$,+%#9%#"85(& 4*$3& 65"8?#5& :"H53& $8& 9%33$/05& 8%& 6$,-& $,6%#:"8$%,& $,& 8*5& 65"8?#5& 25+8%#3& 8*"8&
:"=&,%8&/5&+%,3$-5#5-&$,&8#"-$8$%,"0&9"885#,&#5+%7,$8$%,&"99#%"+*53(&
U"35-& %,& 8*535& 9%$,83@& A5& 9#535,8& $,& 8*$3& +*"985#& "& ,5A& 6"+5& #5+%7,$8$%,& "99#%"+*& 8"H$,7&
$,8%& "++%?,8& #5+5,80=& 6"+5& 95#+598$%,& 8*5%#$53& ",-& ",& ?,3?95#2$35-& +0"33$6$5#& $,& %#-5#& 8%&
$:9#%25&8*5&95#6%#:",+5&%6&8*5&C1D&$,&,%,I+%%95#"8$25&5,2$#%,:5,83(&

2. Literature analysis 

4*$3&35+8$%,&9#535,83&"&3?#25=&%6&;<&#59#535,8"8$25&9"95#3&9?/0$3*5-&$,&#5+5,80=&=5"#3(&4*5&
9?#9%35&%6& 8*$3&","0=3$3& $3& 8%&9#%2$-5&8*5&#5"-5#&A$8*&"& 60"2%#&%6& 8*5&2"#$58=&%6&9"#"-$7:3&
?35-& $,& 8*5& 6"+5& #5+%7,$8$%,& 9#%/05:@& ",-& 8%& 9#%9%35& "& :58*%-& 8%& +%:9?85& ",& $,-5M&
95#6%#:",+5& %6& 3?+*& :58*%-3(& 4"/05& E& 3*%A3& 8*5& ;<& 9?/0$3*5-& A%#H3& ","0=K5-(& 4*5&
,?:/5#3&%,&8*5&+%0?:,&J%(&"#5&?35-&0"85#&"3&#565#5,+53&$,&6$7?#53&",-&8"/053(&&
4*5&6$#38&","0=3$3&3*%A,&$,&4"/05&T&$3&8*5&#%/?38,533&%6&8*5&:58*%-&A$8*&#5395+8&8%&2"#$"8$%,3&
%,&6"+5L&!%35@&"00?:$,"8$%,@&#M9#533$%,&",-&]&%#&$%8"8$%,(&^5&+",&%/35#25&6#%:&4"/05&T&8*"8&
%,0=&%,5&:58*%-&"33?:53&8%05#",+5&8%&.'G]1@&6$25&%6&8*5&:58*%-3&"#5&8%05#",8&8%&.'G@&5$7*8&
%,0=&+%,3$-5#&#%/?38,533& 8%& 8A%&2"#$"8$%,3(&G$7*8&:58*%-3&"#5&-53$7,5-& 8%&/5& $,2"#$",8& 8%&
%,0=& %,5& 2"#$"8$%,@& ",-& 5$7*8& :58*%-3& "#5& ,%8& 8%05#",8& 8%& ",=& 2"#$"8$%,(& 4*5& :%38&
+%,3$-5#"/05&+*",75&$,&8*5&A%#H3&$3&#@&6%00%A5-&/=&!@&"@&",-&8*5&0533&$3&$(&4*5&95#6%#:",+53&
#59%#85-&2"#=&6#%:&7%%-@&J%(&E@&8%&25#=&9%%#&J%(_(&
C$7?#5& E& $00?38#"853& 8*5& 65"8?#5& 5M8#"+8$%,& :58*%-3& ?35-& $,& 8*535& 9"95#3@& ",-& C$7?#5& T&
3*%A3& 8*5& 8=95& %6& +0"33$6$5#& ?35-(& 4*5& 65"8?#5& 5M8#"+8$%,& :58*%-3& "#5& ;`& :%-503@&
C$3*5#a3&b$,5"#&`$3+#$:$,",8&Cb`@&`$3+#585&)%3$,5&4#",36%#:&`)4@&b$,5"#&`$3+#$:$,",8&
>,"0=3$3&b`>@&.#$,+$9"0&)%:9%,5,8&>,"0=3$3&.)>@&A"25058&/"35-@&U"=53$",&",-&%8*5#&
:58*%-3(& '8& A"3& %/35#25-& 8*"8& 65"8?#5& 5M8#"+8$%,& :58*%-3& 8*"8& #59#535,8& -"8"& $,& 3?/I
39"+53& "#5& 8*5& :%38& +%::%,0=& ?35-(& & >:%,7& 8*5& +0"33$6$5#& :58*%-3& 8*5& G?+0$-5",&
-$38",+5&$3&8*5&:%38&?35-@&6%00%A5-&/=&%8*5#&:58*%-3@&",-&8*5&"#8$6$+$"0&,5?#"0&,58A%#H&
:58*%-&"99#%"+*(&&
^$8*&#5395+8&8%&8*5&-"8"&/"353@&[1b@&c>bG@&>1&",-&!'4@&"#5&":%,7&8*5&:%38&?35-&-"8"&
/"353(&4*5&[1b&-"8"&/"35&9#535,83&2"#$"8$%,3&%,&9%35@&$00?:$,"8$%,@&",-&5M9#533$%,&Ob$&X&
V"$,@& T<<dR@& OD":"#$"& X& Z"#85#@& EPPdR@& O[0$2588$@& T<<\R(& c>bG& *"3& 6"+5& $:"753& A$8*&
$,-$2$-?"03&$,&-$665#5,8&+%,-$8$%,3@&A$8*&",-&A$8*%?8&70"3353@&+*",753&$,&$00?:$,"8$%,@&",-&
5M9#533$%,& Ob$& X& V"$,@& T<<dR@& Oc"05@& T<<TR(& 4*5& >1& -"8"& /"35& $,+0?-53& +*",753& %,& 6"+$"0&
5M9#533$%,@& $00?:$,"8$%,@& ",-& %++0?3$%,& Ob$& X& V"$,@& T<<dR@& O!"#8$,5K& X& U5,"25,85@& EPPQR(&
4*5&!'4&-"8"&/"35&$3&+%:9%35-&%6&6"+5&$:"753&$,2%02$,7&2"#$"8$%,3&%,&9%35@&$00?:$,"8$%,&
",-& 6"+$"0& 5M9#533$%,& O^5=#"?+*& 58& "0(@& T<<dR(& D%:5& 5M":9053& %6& 8*535& -"8"& /"353& "#5&
3*%A,&$,&C$7?#5&;(&&
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","0=K5-& A%#H3& $3& -$665#5,8@& $8& $3& -$66$+?08& 8%& "+*$525& "& +%:9"#$3%,& ":%,7& 8*5& :58*%-3(&
4*5#56%#5@& $,& %#-5#& 8%& %/8"$,& "& +%:9"#"/05& 95#6%#:",+5& $,-5M& A5& 9#%9%35-& %,5(& 4*5&
9#%9%35-&95#6%#:",+5&$,-5M&"33$7,3&"&A5$7*8&%6&E<&8%&8*5&,?:/5#&%6&$,-$2$-?"0&8*"8&+",&/5&
#5+%7,$K5-&/=&8*5&3=385:&",-&"&A5$7*8&%6&P<&8%&8*5&#5+%7,$8$%,&95#6%#:",+5(&4*535&A5$7*83&
A5#5& "33?:5-& "#/$8#"#$0=& ",-& +",& /5& "-N?385-& 8%& "& 9"#8$+?0"#& +#$85#$%,(& 4*5& 95#6%#:",+5&
$,-5M&$3&-56$,5-&"3&6%00%A3(&b58& maxp /5&8*5&:"M$:?:&#5+%7,$8$%,&95#6%#:",+5&%6&C1D&",-&

kprec 8*5&#5+%7,$8$%,&%6&8*5& k th :58*%-&$,&$83&-$665#5,8&95#6%#:",+53(&&b58&"03%& maxn /5&8*5&
:"M$:?:& ,?:/5#& %6& 6"+53& 8*"8& 8*5& k th :58*%-& +",& #5+%7,$K5( knfaces $3& 8*5& ,?:/5#& %6&
$,-$2$-?"03&8*"8&8*5& k th &:58*%-&+",&#5+%7,$K5&6%#& 1,2,3,...,k N (&4*5,&8*5&95#6%#:",+5&
$,-5M&$3&7$25,&/=&

& max maxmax ,       100kp prec p & &OER&

& max max kn nfaces && OTR&

& max maxk k
k

prec nfaces

prec p nfaces n
r

w w
&& O;R&

A*5#5& kr & $3& 8*5& 9#%9%35-& 95#6%#:",+5& $,-5M& %6& 8*5& k th :58*%-(& precw $3& 8*5& 6"+$"0&
#5+%7,$8$%,&95#6%#:",+5&A5$7*8@&",-& nfacesw 8*5&A5$7*8& 6%#& 8*5&,?:/5#&%6& $,-$2$-?"03& 8*"8&
+",&/5&#5+%7,$K5-(&i3$,7&8*$3&95#6%#:",+5&$,-5M@&8*5&/538&:58*%-&$3&8*5& k th :58*%-&8*"8&
:"M$:$K53&

& max max kd r && OdR&
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C$7(& d(& 3*%A3& 8*5& 3?::"#=& %6& 8*5& 95#6%#:",+5& %6& 8*5& /538& 8*#55& :58*%-3& 6%#& 5"+*&
+%:/$,"8$%,& %6& #%/?38,533(& ',& C$7?#5& d@& 8*5& /"#3& $,-$+"85& 8*5& #5+%7,$8$%,& 95#6%#:",+5& 6%#&
5"+*&:58*%-@&",-&8*5&0$,53&$,-$+"85&8*5&,?:/5#&%6&6"+53&8*"8&5"+*&:58*%-&+",&#5+%7,$K5(&&
'8& +",& /5& ,%8$+5-& 8*"8& 8*5& 95#6%#:",+5& %6& 8*5& :58*%-& $,+#5"353& "3& 8*5& ,?:/5#& %6& 6"+53&
-5+#5"353&",-&2$+5&25#3"(&'8&+",&"03%&/5&%/35#25-&8*"8&8*5&:58*%-3&J%(&TT&Ob$?@&T<<dR@&J%(&Ef&
OeA"H&X&.5-#=+K@&T<<dR&",-&J%(&;&OZ5&58&"0(@&T<<_R&"995"#&0$H5&/538&:58*%-3&$,&:%#5&8*",&
%,5&#%/?38,533&+"857%#=(&
>&3?::"#=&%6&8*5&8A%&/538&:58*%-3&$3&3*%A,&$,&4"/05&;(&'8&3*%A3&8*5&+0"33$6$5#&8=95@&",-&8*5&
6"+5&65"8?#5&5M8#"+8$%,&:58*%-&?35-(&4*5&/538&:58*%-&8%05#",8&8%&.'G&*"3&"&95#6%#:",+5&%6&
PE(P\F(&C#%:&4"/05&;& $8& $3&%/35#25-& 8*"8&:58*%-3& 8*"8&"995"#&:%#5& 6#5B?5,80=&":%,7& 8*5&
/538&6"+5&65"8?#5&5M8#"+8$%,&"#5&/"35-&%,&A"250583(&'8&$3&"03%&,%8$+5-&8*"8&:%38&%6&8*5&:58*%-3&
"#5& /"355-& %,& 3$:905& +0"33$6$5#3& 0$H5& ,5"#538I,5$7*/%#@& A*$+*& %95,& 8*5& %99%#8?,$8=& 8%&
$,2538$7"85&A$8*&%8*5#&+0"33$6$5#3&0$H5&3?99%#8&25+8%#&:"+*$,5@&",-&"#8$6$+$"0&,5?#"0&,58A%#H3&
$,&%#-5#&8%&$:9#%25&8*5$#&95#6%#:",+5(&



-$.%!/%.&0,+#+&,!4$5%6!&,!789$,!:+58$;!<%*.%=#+&,!>(%&*+%5!$,6!?,58=%*@+5%6!)AA! DE1!

88.00

90.00

92.00

94.00

96.00

98.00

100.00

10 22 27 29 8 17 17 23 24 25 1 3 3 22 27 26 29 17 25 1 3

0

50

100

150

200

250

   P I    E     
 P

I
   P

E
    

 IE    P
IE

&
&
&

C$7(&d(&&S5,5#"0&#53?083&%6&8*5&52"0?"8$%,(&U"#3&$,-$+"85&8*5&95#+5,8"75&%6&95#6%#:",+5(&U0"+H&
0$,53&$,-$+"85&8*5&,?:/5#&%6&$,-$2$-?"0&8*"8&8*5&:58*%-&+",&#5+%7,$K5(&
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>8& 8*$3& 9%$,8@& A5& *"25& 9#535,85-& ",& ","0=3$3& %6& #59%#85-& A%#H& %,& C1D& +%,3$-5#$,7@&
#%/?38,533@& 65"8?#53&?35-&",-&8=95&%6&+0"33$6$5#3(& ',& 8*5&,5M8&35+8$%,@&A5&9#535,8& $:9%#8",8&
#53?083&%,&*?:",&6"+5&95#+598$%,&8*5%#=&8*"8&+",&/5&+%,3$-5#5-&$,&8*5&-53$7,&%6&,5A&C1D(&

3. Human facial perception theory 

J%8A$8*38",-$,7& 8*5& 8#5:5,-%?3& 566%#8& 8%& 3%025& 8*5& 6"+5& #5+%7,$8$%,& 3=385:@& $8& $3& ,%8&
9%33$/05&=58@&8%&*"25&"&C1D&8*"8&-590%=3&5665+8$250=&$,&?,+%,38#"$,5-&5,2$#%,:5,83@&8%05#",8&
8%& $00?:$,"8$%,@& #%8"8$%,@&9%35@& 5M9#533$%,@&,%$35@& ",-&2$5A$,7&-$38",+5(&4*5&:%38& 566$+$5,8&
3=385:&A$8*%?8&",=&-%?/8&$3&8*5&*?:",&3=385:@&8*5#56%#5@&$8&:"H53&35,35&8%&8#=&8%&-$3+%25#&
8*5&35+#58&%6&8*$3&3=385:(&
4*5#5& "#5& 3%:5& 38?-$53& $,& 8*5& 6$50-3& %6& 93=+*%0%7=& ",-& ,5?#%3+$5,+5& #50"85-& 8%& 6"+5&
#5+%7,$8$%,& O4*%:93%,@& EPQ<R@& OS"?8*$5#& X& 4","H"@& T<<TR@& OZ"M/=& 58& "0(@& T<<ER@& Oe"0%+3"$@&
EPPQR@& OU%A5#@& T<<ER@& O!"#53+*"0& X& 4*%:"3@& T<<\R(& Z%A525#@& "3$-5& 6#%:& 8*5& -$25#3$8=& %6&
5M95#$:5,83& ",-& "99#%"+*53@& $8& $3& ,%8%#$%?3& 8*"8& 8*5#5& $3& ,%8& "& 6$,"0& +%,+0?3$%,& "/%?8&
B?538$%,3&0$H5L&^*"8&65"8?#53&-%53&8*5&/#"$,&?35&8%&#5+%7,$K5&"&6"+5j@&'3&8*5#5&"&395+$"0$K5-&
#57$%,&%6&8*5&/#"$,&6%#&6"+5&#5+%7,$8$%,j(&C#%:&8*5&93=+*%0%7$+"0&",-&,5?#%3+$5,+5&9%$,8&%6&
2$5A& 8*5#5& 5M$383& 52$-5,+5& 8*"8& *?:",3& "#5& 25#=& 35,3$/05& 8%& 6"+5& +%,6$7?#"8$%,@& 8*"8& $3@&
#50"8$%,3*$9&":%,7&8*5&6"+5&+%,38$8?5,83@&,%35@&:%?8*@&5=53@&58+(&U?8@&8*5&9#%+533&$3&#50"85-&
%,0=& 8%& ?9#$7*8& 6"+53& O4*%:93%,@& EPQ<R@& OS"?8*$5#& X& 4","H"@& T<<TR(& 4*$3& 9*5,%:5,%,& $3&
H,%A,&"3& 8*5& k!"#7"#58&4*"8+*5#& '00?3$%,l@& OD$,*"@& T<<\R&",-& O4*%:93%,@&EPQ<R(&C$7?#5&\&
$00?38#"853&8*$3&9*5,%:5,%,(&>99"#5,80=&8*5&/#"$,&-%53&,%8&95#+5$25&-$665#5,+53&/58A55,&"&
:%-$6$5-&?9#$7*8&6"+5&",-&"&,%#:"0&6"+5@&C$7?#53&\"&",-&\/(&4*$3&$3&/5+"?35&6%#&8*5&/#"$,&$8&$3&
5"3$5#& 8%&9#%+533&",& $,25#85-& 6"+5(&Z%A525#@&A*5,& 8*5& 6"+5& 8*"8&"99"#5,80=&-%53&,%8&*"25&
-$665#5,+53& $,&+%:9"#$3%,&A$8*& 8*5&,%#:"0& 6"+5& $3& #%8"85-@&A5&+",&95#+5$25& 8*5&-$665#5,+53&
/58A55,&8*535&8A%&6"+53@&C$7?#5&\+&",-&\-(&4*$3&9*5,%:5,%,&$,-$+"853&8*"8&$8&$3&9%33$/05&8*"8&
6"+5&95#+598$%,&$3&"&*%0$38$+&m&+%,6$7?#"0&3=385:@&%#&+%,6$7?#"8$%,&/"35-(&
&

& & & &
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C$7(&\(&GM":9053&%6&8*5&k!"#7"#58&4*"8+*5#&'00?3$%,l(&&"R&i9#$7*8&6"+5&A$8*&5=53&$,25#85-@&/R&
,%#:"0&?9#$7*8&6"+5@&+R&",-&-R&&+%##539%,-$,7&#$7*8&6"+53&%6&"R&",-&/R&

4*5&A%#H&$,&OS"?8*$5#&X&4","H"@&T<<TR&-$38$,7?$3*&/58A55,&8A%&+%,+5983L&*%0$38$+&m&$,+0?3$25&
",-&*%0$38$+&m&+%,6$7?#"0(&Z%0$38$+&m&$,+0?3$25&$3&-56$,5-&"3&8*5&?35&%6&"&9"#8&%6&",&%/N5+8&525,&
8*%?7*&$8&$3&3"$-&8%&/5&$7,%#5-(&[,&8*5&%8*5#&*",-@&*%0$38$+&m&+%,6$7?#"0&$3&-56$,5-&"3&8*5&?35&%6&
#50"8$%,3&":%,7&8*5&9"#83&%6&8*5&%/N5+8(&4*5#56%#5@&?,-5#&"&*%0$38$+&m&+%,6$7?#"0&"99#%"+*&$8&$3&
$:9%#8",8&8%&+%,3$-5#&8*%35&#50"8$%,3*$93&8%&"+*$525&"&7%%-&#5+%7,$8$%,&95#6%#:",+5(&
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',&%8*5#&38?-$53@&8*5&"#5"&%6&,5?#%3+$5,+5&*"3&3?775385-&8*"8&8*5&6"+5&#5+%7,$8$%,&9#%+533&$3&
"+*$525-&$,&8*5&/#"$,&/=&"&395+$"0$K5-&#57$%,&O4*%:93%,@&EPQ<R@&OZ"M/=&58&"0(@&T<<ER(&4*535&
38?-$53& "#5& /"35-& %,& ","0=3$3& %6& .G4& ",-& !1'& $:"753& -?#$,7& %/N5+8& ",-& 6"+5& #5+%7,$8$%,&
5M95#$:5,83& /=& *?:",3(& 4*5& 0%*+5%5& -$)#-,56& 125$)& %#& 7$)#-,56& 7%/+& 85+%@& #57$%,& 3*%A3&
"+8$2$8=& -?#$,7& 8*5& 6"+5& #5+%7,$8$%,& 8"3H@& /?8& 8*$3& "+8$2$8=& $3& ,%8& -585+85-& -?#$,7& %/N5+8&
#5+%7,$8$%,&Oe",A$3*5#@&EPPfR@&O4%,7&58&"0(@&T<<<R(&
[8*5#&52$-5,+5&3?775383&"&395+$6$+&#57$%,&$,&8*5&/#"$,&#50"85-&8%&8*5&6"+5&$-5,8$6$+"8$%,&8*"8&$3&
#50"85-& 8%& 8*5& -$35"35& +"005-& 95,),9%1(,)#%(& .5%905& A$8*& 8*$3& 9#%/05:& +",& #5+%7,$K5& %/N5+83&
",-&6"+5&5M9#533$%,3&/?8&,%8&6"+53(&&
J%8A$8*38",-$,7&"00& 8*$3& #535"#+*& $8& $3&,%8&9%33$/05&=58@& 8%&-56$,5&"&+%*5#5,8& 8*5%#=& 6%#& 8*5&
6"+5& #5+%7,$8$%,& 9#%+533& $,& *?:",3(& J525#8*50533@& 3%:5& A%#H3@& OZ"M/=& 58& "0(@& T<<ER@&
Oe",A$3*5#@&T<<\R@& Oe"0%+3"$@&EPPQR@&+",&38"85&7?$-50$,53& 8*"8&+",&$:9#%25&8*5&95#6%#:",+5&
%6&+%:9?85#&C1D(&C%#&5M":905&8*5&A%#H&$,&OU%A5#@&T<<ER&$,-$+"853&8*"8&,5A/%#,3&95#+5$25&"&
6?KK=& A%#0-& ",-& 8*5=& #53%#8& 8%& 0$,5& ",-& +?#25& 6"+5& 3*"953& 6%#& 6"+5& #5+%7,$8$%,(& C$7?#5& f&
$00?38#"853& 8*5& 95#+598$%,& ",-& 2$3?"0& 3*"#9,533& %6& ,5A/%#,3& -?#$,7& 8*5$#& -5250%9:5,8&
OU#"A,@&T<<\R(&4*5&35B?5,+5&$3&C$7?#5&f"&,5A/%#,@&f/&6%?#&A55H3@&f+&5$7*8&A55H3@&f-&8*#55&
:%,8*3@&",-&f5&3$M&:%,8*3(&4*5&A%#H&$,&O.585#3%,&X&1*%-53@&T<<;R&-5:%,38#"853&8*"8&0$,53&
"#5&/5885#&65"8?#53&$,&8*5&*%0$38$+&+%,6$7?#"8$%,&8%&9#%2$-5&-$3+#$:$,"8$%,&":%,7&%8*5#&8=95&
%6& 75%:58#$+& %/N5+83(& 4*$3& +%?0-& 05"-& 8%& 8*5& 6"+8& %6& A*=& ,5A/%#,3& *"25& 8*5& "/$0$8=& 8%&
#5+%7,$K5&95%905&?3$,7&-$66?35&0$,53&65"8?#53(&
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:%,8*3@&5R&\&:%,8*3(&C#%:&9#%6533%#&V",$+5&U#%A,n3&+0"33&9#535,8"8$%,3&OU#"A,@&T<<\R(&
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>3& "& +%,+0?3$%,& %6& 8*$3& 35+8$%,& A5& #5+%::5,-& 8*5& A%#H& #59%#85-& /=& D$,*"& OD$,*"& 58& "0(@&
T<<\R@& A*5#5& 8*5& #5"-5#& +%?0-& 6$,-& ,$,5855,& $:9%#8",8& 9%$,83& "& +%:9?85#& 2$3$%,& #535"#+*&
$,85#5385-&%,& 6"+5&#5+%7,$8$%,&3*%?0-&+%,3$-5#& $,&C1D&-53$7,(&>:%,7&8*%35&9%$,83&A5&+",&
:5,8$%,L& *?:",& #5+%7,$K5& 6":$0$"#& 6"+53& $,& 25#=& 0%A& #53%0?8$%,& $:"753@& *$7*& m& 6#5B?5,+=&
$,6%#:"8$%,&/=&$83506&$3&$,3?66$+$5,8&6%#&7%%-&6"+5&#5+%7,$8$%,&95#6%#:",+5@&6"+$"0&65"8?#53&"#5&
9#%+5335-&*%0$38$+"00=@&9$7:5,8"8$%,&+?53&"#5&"8&05"38&"3&$:9%#8",8&"3&3*"95&+?53(&
4*535&9%$,83&"#5&#53?083&%6&*?:",&2$3?"0&95#+598$%,&5M95#$:5,83&8*"8&"#5&#50"85-&8%&8*5&:"$,&
$-5"&9#535,85-&$,&8*$3&35+8$%,@&",-&:%#5&-58"$03&+",&/5&6%?,-&$,&8*"8&#565#5,+5(&

4. Face feature lines, hough-KLT human facial perception theory 

)%,3$-5#$,7&8*5&8*5%#$53&9#535,85-&$,&35+8$%,&;&A5&-5+$-5-&8%&$:905:5,8&"&6"+5&#5+%7,$8$%,&
3+*5:5&/"35-&%,&6"+$"0&65"8?#53&+%,8"$,$,7&$,6%#:"8$%,&%6&8*5&:%38&9#%:$,5,8&0$,53&$,&0%A&
#53%0?8$%,& 6"+53(& U53$-53& 8*5& 95#+598?"0& N?38$6$+"8$%,& %6& 8*$3& 8*5%#=@& ",& 5,7$,55#$,7&
N?38$6$+"8$%,&8%&?35&65"8?#53&0$,53&"#5&8*5&A%#H3&#59%#85-&$,&Og*"%&58&"0(@&T<<;R&A*5#5&0$,53&"#5&
+%:/$,5-&A$8*&.)>&",-&Oe%,5,& @&EPP\R@&A*5#5& 8*5&gJIC"+5&"07%#$8*:&$3&"/05& 8%&+%:9"#5&
-#"A$,7& 6"+53& "7"$,38& 7#"=& 3+"05& 6"+53& ?3$,7& 0$,53(& U53$-53@& %8*5#& A%#H3& 3*%A& 8*5&
"-2",8"753@&0$H5&#59#535,8"8$%,&3$:90$+$8=&OD$,7*&58&"0(@&T<<;R@&0%A&+%:9?8"8$%,"0&+%38&OD$,7*&
58&"0(@&T<<TR@&$,2"#$",+5&8%05#",+5&%6&6"+5&#5+%7,$8$%,&"07%#$8*:3&/"35-&%,&0$,53@&O>5/5#*"#-&
X&-50&Y50@&EPPQR&",-&O>5/5#*"#-&X&-5&Y50@&EPPPR(&&

4.1 Face feature lines 
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4.2 Principal component analysis and Karhunen-Loeve transformation 
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4.3 SOM- kmeans face recognition system 
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5. Comparison of the proposed method with other classifiers 
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