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!"#$%&'()* +),#-./0"-(* /-)+,0$1%230* ,"4"5* 1)#0"-$* /-.6'$#"17* /",0-")''()* /"*

"0+)%&'(8* 9-$:8)'0$8* .6"4-$;)'.2<* =),#-./0"-(* '$>%.* ?,/)>'")* /-.8)')'.)* 1"*

8'":.@*"4%$,02@A* -$,/"6'$1$'.)* "4B)#0"17* -$,/"6'$1$'.)* 0)#,0?-(7* /".,#*.6"4-$;)'.57*

,-$1')'.)* .6"4-$;)'.57* ,"6+$'.)* /$'"-$87* -$,/-)+)%)'.)* "4B)#0"1* /"* #$0):"-.287*

.'0)%%)#0?$%&'(5* $'$%.6* 1.+)"+$''(@. C-$#0.D),#.* 1$;'(5* .'0)-),* /-)+,0$1%2)0*

.,/"%&6"1$'.)* %"#$%&'(@* +),#-./0"-"1* +%2* %"#$%.6$E..* #"'0-"%&'(@* 0"D)#* '$*

.6"4-$;)'..* %.E$* D)%"1)#$* 1* ?,%"1.2@* '$%.D.2* +"/"%'.0)%&'(@* 9$#0"-"17* 0$#.@* #$#*

"0#%"')'.)* -$#?-,$* :"%"1(* "0* 9-"'0$%&'":"7* .68)')'.)* '$/-$1%)'.2* 16:%2+$* .* /-< F*

+$''"5* ,0$0&)* /-.1)+)'(* -)6?%&0$0(* .,,%)+"1$'.2* /-.:"+'",0.* 0-)@* '$.4"%))*

-$,/-",0-$')''(@*%"#$%&'(@*+),#-./0"-"1*+%2*-)>)'.2 ?#$6$''"5*6$+$D..

?23,14.5/$7/83+09:2+5

1. F(D.,%)'.)* /)-1":" %"#$%&'":" +),#-./0"-$ ",'"1$'"* '$* $%:"-.08) 1(+)%)'.2*

%"#$%&'(@* 0)#,0?-'(@* /-.6'$#"1* 1* "#-),0'",0.* GH* ,* /"8"I&3* 9.%&0-"1* J$?,,$ [1].

K.%&0-* /-)+,0$1%2)0* ,"4"5* '$4"-* .6* LM-0.* 0<'<* 2+)-7* #$;+")* .6* #"0"-(@* D?1,01.0)%&'"*

0"%&#"* #* "+'"8?* .6* LM-0.* '$/-$1%)'.5* .68)')'.2* 0)#,0?-(* .* '$@"+.0,2* #$#* -$6'",0&*

8);+?*+1?82*9?'#E.28.*J$?,,$ (-.,. 1):

!"#$%& =
1

2'() * +,- ./ (- / 0 * cos(12))) + (- / 345(12)))
2() 6,
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!"#$%7 =
1

2'() * +,-(/ (- + 0 * cos (12))) + (- + 345(12)))
2() ),

:+)*( – OGQR

fk – ?:"%*/"1"-"0$; 12 = 8 * 22,5°; k=0…15;-9[/3; 3], 09[/3; 3].

S.,. L<*F.+*9?'#E..*J$?,,$*+%2*-$6%.D'(@*'$/-$1%)'.5A $T*?:"%*f=0
o
7*4T*?:"%*f=157,5

o

=$%))* /-".,@"+.0* 1(D.,%)'.)* ,1)-0#.* /"* 1,)5* "4%$,0.* .'0)-),$* /"* ,%)+?3I)5*

9"-8?%)A

:;<=$% = >:<&",=&#",# * ?!"#$%& / !"#$%7 @,

:+)*Cij /-)+,0$1%2)0*,"4"5*'$4"-*E1)0"1(@*/$-$8)0-"1*.6"4-$;)'.2<

F* "-.:.'$%&'"5* -$4"0) [1] 1* #$D),01)* .,/"%&6?)8(@* E1)0"1(@* /$-$8)0-"1*

.6"4-$;)'.2* %.E$* -$,,8$0-.1$30,2* U0"'V7* U'$,(I)''",0&V* .* U2-#",0&V7* "+'$#"7* #$#*

/"#$6$%.* /-"1)+)''()* .,,%)+"1$'.2* +$''":"* $%:"-.08$7* +",0$0"D'"* .,/"%&6"1$0&*

"+'"0"''")* .6"4-$;)'.)* ,* WXM* :-$+$E.28. ,)-":"<* N$#,.8$%&'(5* "0#%.#* ,-)+.* LM-0.*

6'$D)'.5*CEijfk "/-)+)%2)0* 8$#,.8$%&'")* .68)')'.)* %"#$%&'"5* :-$'.E(* 1"#-?:* +$''"5*

0"D#.<

F)#0"-* 0)#,0?-'(@* /-.6'$#"1* /.#,)%2* .6"4-$;)'.2* ,",0".0* .6* YZ* [%)8)'0"1<*\$*

S.,?'#) 2 /"#$6$'"7*1*#$#"8*1.+)*-$,,8$0-.1$)0,2*"#-),0'",0&*0"D#.*]^= 22,5
"T
7*G$;+(5*

?6)%*,)0#.*– [0"*-)6?%&0$0*,1)-0#.*"#-),0'",0.*+$''":"*?6%$*,*"/.,$''(8*1(>)*9.%&0-"8<*

S$,,0"2'.2*R0, R1 .*R2 1(4.-$30,2*.,@"+2*.6*/-$#0.D),#.@*,""4-$;)'.5<
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S.,. 2<*F(D.,%)'.)*0)#,0?-'(@*/-.6'$#"1*#"'0-"%&'"5*0"D#.

O-$1')'.)*1)#0"-$*0)#,0?-'(@*/-.6'$#"1*0)#?I)5*0"D#.*,*>$4%"''(8*/-".,@"+.0*

/?0)8*1(D.,%)'.2*8)-(*K:

A = >BCD 1

16
>EF?G<=H ;G<=IJ@KL
=MK N ,

OP
<MK

:+)*Aij 21%2)0,2*6'$D)'.)8*,1)-0#.*+%2*j-"5*"-.)'0$E..*1*#"'#-)0'"5*"4%$,0.*+%2*i-"5*

0"D#.*1@"+'":"*"#'$R

b – >$4%"''(5*1)#0"-*0)#,0?-'(@*/-.6'$#"1R

rw – 0)#?I.5*1)#0"-*0)#,0?-'(@*/-.6'$#"1R

EF(Q, R) = S1 41 (Q > 0)! (R > 0),

1 41 (Q = 0)! (R = 0),

0 4 L>(")4&(9 !F#C5%.

T
BC(,) = U, 41 , > L(>(0(4(% M&5C%&)%,

0 4 L>(")4&(9 !F#C5%.
T

C"-":"1")* 6'$D)'.)* /"+"4-$'"* [8/.-.D),#.* .* /-.'20"* -$1'(8* _7W<* `)8* 1(>)*

/"%?D)''")*6'$D)'.)*8)-(*N7*0)8*4"%&>)*,@";),0&*"#-),0'",0.*-$,,8$0-.1$)8"5*0"D#.*,*

>$4%"''"57*/"%?D)''"5*/-.*"4?D)'..<

2. O%)+?3I.5* -$,,8"0-)''(5* +),#-./0"-* ",'"1$'* '$* /-)"4-$6"1$'..* SIFT (Scale 

Invariant Feature Transform) [2]<* C"%?D$)8()* ,* /"8"I&3* '):"* /-.6'$#.* .'1$-.$'0'(*

"0'",.0)%&'"*8$,>0$4$*.*/"1"-"0$7*?,0"5D.1(*#*-2+?*$99.''(@*/-)"4-$6"1$'.57*>?8?7*

.68)')'.3* 1* ",1)I)'..<*=$''(5* $%:"-.08*8";'" -$6+)%.0&*'$* +1)* D$,0.A* "/-)+)%)'.)*

U0"D)#* .'0)-),$V* .* /",0-")'.)* +),#-./0"-"1* "#-),0'",0)5* +$''(@* 0"D)#<* O?I),01?)0*
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'),#"%&#"* ,/","4"1* "/-)+)%)'.2* 0"D)#* .'0)-),$. a%:"-.087* /-)+%";)''(5* 1* -$8#$@*

SIFT, – "+.'* .6* ,$8(@* .61),0'(@<* Q'* 6$#%3D$)0,2* 1 /",0-")'..* .* .,/"%&6"1$'.2*

/.-$8.+(* J$?,,$ .6"4-$;)'.2. F,)* .6"4-$;)'.2* .6* ?#$6$''"5* /.-$8.+(* /-.1"+20,2* #*

"+'"8?* -$68)-?7* .* 1(D.,%2)0,2* .@* -$6'",0&7* #$#* /"#$6$'"* '$* S.,?'#)* b<* F #$D),01)*

#$'+.+$0"1*0"D)#*.'0)-),$*1(4.-$30,2*0"%&#"*0)*/.#,)%.7*#"0"-()*,.%&'"*"0%.D$30,2*"0*

",0$%&'(@<* c@* /".,#* ",?I),01%2)0,2* /?0)8* ,-$1')'.2* #$;+":"* /.#,)%2* .6"4-$;)'.2* ,*

'),#"%&#.8.*,",)+'.8.*'$*+$''"8 8$,>0$4)7*,*'),#"%&#.8.*,""01)0,01?3I.8.*,",)+28.*

1*4"%&>)8*.*8)'&>)8*8$,>0$4) (-.,. 3)<*C.#,)%&*1(4.-$)0,2*1*#$D),01)*0"D#. .'0)-),$*

0"%&#"*1*0"8*,%?D$)7*),%.*6'$D)'.)*):"*.'0)',.1'",0.*21%2)0,2*[#,0-)8?8"8<

S.,. b<*C-"E),,*'$@";+)'.2*0"D)#*.'0)-),$

=$%))* +%2* #$;+"5* 0"D#.* .'0)-),$* 1(D.,%2)0,2* %"#$%&'(5* +),#-./0"-7*

@$-$#0)-.6?3I.5*'$/-$1%)'.)*:-$+.)'0"1*1*/.#,)%2@*')#"0"-"5*):"*"#-),0'",0. (-.,. 4).

S.,. Y<*J.,0":-$88(*:-$+.)'0"1*Lowe (SIFT)

Q,'"1'(8*')+",0$0#"8*defg*+),#-./0"-"1*21%2)0,2*.@*1(,"#$2*-$68)-'",0& (128 

6'$D)'.5* '$* 0"D#?T .* 4"%&>")* #"%.D),01"* 0"D)#* .'0)-),$* '$* .6"4-$;)'..<* =%2*
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/-)"+"%)'.2*+$''":"*')+",0$0#$*1*-$4"0)*hbi*/-)+%";)'*8)0"+*PCA-SIFT7*",'"1$''(5*'$*

,'.;)'..*-$68)-'",0. +),#-./0"-$*,*/"8"I&3*8)0"+$*:%$1'(@*#"8/"')'0<

3. F,)* 1(>)"/.,$''()* %"#$%&'()* +),#-./0"-(* .,/"%&6?30* "4I?3* /$-$+.:8?7*

6$#%3D$3I?3,2* 1* '$@";+)'..* 0"D)#* .'0)-),$* .* /",0-")'..* +%2* #$;+"5* .6* '.@*

+),#-./0"-$7* "/.,(1$3I):"* ))* "#-),0'",0&<* C-.'E./.$%&'"* +-?:"5* /"+@"+* "/.,$'* 1*

-$4"0)* h4i<* Q'* ",'"1$'* '$* ,1"5,01)* /"10"-2)8",0.* ],$8"/"+"4.2T* 9-$:8)'0"1* '$*

.6"4-$;)'..7* 0"* ),0&* '$* '$4%3+)'..7* D0"* ')4"%&>.)* 9-$:8)'0(* .6"4-$;)'.2* .8)30*

,1"5,01"* /"10"-20&,2* '$* ')8* 1* 0"8* ;)* .%.* +-?:"8* 8$,>0$4)<* c'9"-8$E.2* "* 0$#"5*

/"10"-2)8",0.* 1* /-)+)%$@* ')#"0"-"5* "4%$,0.* .6"4-$;)'.2* 9"-8.-?)0* 0$#* '$6(1$)8?3*

:)"8)0-.D),#?3* -$68)0#?<* O* /"8"I&3* +$''"5* :)"8)0-.D),#"5* -$68)0#.* 9"-8.-?30,2*

,$8"/"+"4'()*%"#$%&'()*+),#-./0"-(<

C-"E),,*1(D.,%)'.2*+$''":"*+),#-./0"-$*8";'"*-$64.0&*'$*'),#"%&#"*[0$/"1*hYiA

" F(D.,%)'.)* «/"1)-@'",0.* -$,,0"2'.5». F* #$D),01)* U[0$%"'$V* .,/"%&6?)0,2* "4%$,0&*

-$68)-"8* 5xX* /.#,)%)5 1"#-?:* -$,,8$0-.1$)8"5* 0"D#.. O* .,/"%&6"1$'.)8* +$''":"*

[0$%"'$* -$,,D.0(1$)0,2* U,?88$* #1$+-$0"1* -$,,0"2'.5* 8);+?* 6'$D)'.28.*

.'0)',.1'",0)5V* ]SSDqT* /"* "4%$,0.* -$68)-"8* YLxYL* /.#,)%)5* 1"#-?:*

-$,,8$0-.1$)8"5*0"D#.<

" F(D.,%)'.)* U#"--)%2E."''"5* /"1)-@'",0.V<* F(/"%'2)0,2* '"-8.-"1#$* /"1)-@'",0.

-$,,0"2'.5*SSDq 1*,""01)0,01..*,*,""0'">)'.)8:

EEVWWWWW#(,,X) =
EEV#(,,X)

max(YQZ[\<]^ , YQZ_`a\)
,

:+)*varnoise – #"',0$'0$7*#"0"-$2*?#$6(1$)0*+"/?,0.8()*1$-.$E..*]1*E1)0)7*",1)I)'..*.%.*

+"/?,0.8(5*>?8TR

varauto(q) – 6$1.,.0* "0* #"'0-$,0$* 9-$:8)'0$* .* ):"* ,0-?#0?-( .* "/-)+)%2)0,2* #$#*

8$#,.8$%&'$2* -$6'.E$* 8);+?* 9-$:8)'0"8* ,* E)'0-"8* 1* q .* 9-$:8)'0$8.* 1* E)'0-$@*

q1, … q8;

q1, … q8 – ,",)+.*/.#,)%2*q.

Q0,D)0(* -)6?%&0.-?3I)5* U#"--)%2E."''"5* /"1)-@'",0.V* -$,,D.0(1$30,2* #$#*

[#,/"')'E.$%&'()*6'$D)'.2*EEVWWWWW#(,,X):

E#(,,X) = +&bbcWWWWWWd(e,f).
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" C",0-")'.)*+),#-./0"-$< C"%?D)''$2 «#"--)%2E."''$2 /"1)-@'",0&» -$64.1$)0,2*'$*

W_* ,)#0"-"1* .* Y* 6'$D)'.2* -$+.?,$* 1* %":$-.98.D),#.@ /"%2-'(@ #""-+.'$0$@<* F*

#$;+"5* "4%$,0.* .I)0,2* 8$#,.8?8* #"--)%2E."''"5* /"1)-@'",0.7* #"0"-(5* 21%2)0,2*

"0,D)0"8*+),#-./0"-$*]-.,. 5).

S.,. X<*F(D.,%)'.)*,$8"/"+"4'":"*%"#$%&'":"*+),#-./0"-$*hYi

N)-$* /"+"4.2* +1?@* +),#-./0"-"1* 1(D.,%2)0,2* /"* 9"-8?%)7* /-.1)+)''"5* 1*

-$4"0) [5]:

g?hf< ,he< @ = +&(ijk &ilk )m*bnop*(ijk &ilk ),

:+)* SD – #"',0$'0'$2* 8$0-.E$* #"1$-.$E.57* #"0"-$2* "/-)+)%2)0* +"/?,0.8")* "0#%"')'.)*

6'$D)'.5*+),#-./0"-"1<

@/8:0+2-,.0/$7/83+09:2+2-

H),0.-"1$'.)* /-"1"+.%",&* '$* +1?@* 4$6$@* .6"4-$;)'.5<*Q+'$* .6* '.@ – IMM Face

Database [6] – /-)+,0$1%2)0* ,"4"5* '$4"-* 9"0":-$9.5* Y_* -$6%.D'(@* %3+)57* ,'20(@* /"+*

-$6'(8.*-$#?-,$8.*.*/-.*.68)')'..*",1)I)'..< F0"-$2*– ,"4-$''$2*1*\ccj*kH*NJHl*

.8<*\<m<*k$?8$'$*– 1.+)"9-$:8)'0( Y*-$6'(@*%3+)57*,"1)->$3I.@*-$6%.D'()*+1.;)'.2*

:%$6$8.* .* :"%"1"5A* 8"-:$'.)7* 16:%2+* 11)-@7* 1%)1"* .* 1/-$1"7* '$#%"'(* :"%"1(* 1/)-)+* .*

'$6$+, "0#%"')'.2* :"%"1(* 1/-$1"* .* 1%)1"7* /"1"-"0(* :"%"1(* 1/-$1"* .* 1%)1"<* F* #$D),01)*

#"'0-"%&'(@* 0"D)#* 4(%.* 1(4-$'(* 1')>'.)* ?:%(* :%$67* 1)->.'$* '",$7* ?:%(* -0$<*QE)'#$*

/-"1"+.%$,&*/?0)8*1(D.,%)'.2*)1#%.+"1":"*-$,,0"2'.2*8);+?*#""-+.'$0$8.*'$5+)''(@*

0"D)#*.*-$68)D)''(8.*1-?D'?3*#""-+.'$0$8.<*=%2*4$6(* IMM "4?D)'.)*/-"1"+.%",&*'$*

.6"4-$;)'..* 0":"* ;)* D)%"1)#$7* ,'20":"* 9-"'0$%&'"* 4)6* [8"E.5<* =%2* 10"-"5* 1(4"-#.*

"4?D)'.)*/-"1"+.%",&*'$*/)-1"8*#$+-)*1.+)"9-$:8)'0$*+%2*#"'#-)0'":"*+1.;)'.2<*F,)*
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$%:"-.08(* -)$%.6"1$'(* 1* ,-)+)* -$6-$4"0#.*Matlab. S)6?%&0$0(* 0),0.-"1$'.2* +%2* IMM

/-)+,0$1%)'(* 1* H$4%.E$@ 1–3. `.,%"1()* 6'$D)'.27* /-)+,0$1%)''()* 1* 0$4%.E$@* –

)1#%.+"1(* -$,,0"2'.2* 8);+?* '$5+)''(8.* /"%";)'.28.* #"'0-"%&'(@* 0"D)#* .*

+)5,01.0)%&'(8.7*?,0$'"1%)''(8.*1.6?$%&'"<

75OF)A5,-1

\)*')50-$%&'")*1(-$;)'.)*%.E$*]?%(4#$T

C-$1(5*

:%$6

!)1(5*

:%$6

C-$1(5*

?:"%*-0$

!)1(5*

?:"%*-0$

F,)*0"D#.*

18),0)

J$?,,"1(*9.%&0-( 3,42 3,18 6,04 4,84 17,48

SIFT 3,93 3,71 8,07 8,92 24,63

O$8"/"+"4'(5*+),#-./0"- 4,16 3,83 5,98 6,56 20,52

75OF)A5,P1

C"1"-"0*:"%"1(*1/-$1"*nb_-40°

C-$1(5*

:%$6

!)1(5*

:%$6

C-$1(5*

?:"%*-0$

!)1(5*

?:"%*-0$

F,)*0"D#.*

18),0)

J$?,,"1(*9.%&0-( 5,58 9,54 3,8 3,24 22,16

SIFT 7,65 10,32 8,95 8,48 35,39

O$8"/"+"4'(5*+),#-./0"- 4,67 9,65 5,61 3,6 23,54

75OF)A5,Q1

c68)')'.)*",1)I)'.2

C-$1(5*

:%$6

!)1(5*

:%$6

C-$1(5*

?:"%*-0$

!)1(5*

?:"%*-0$

F,)*0"D#.*

18),0)

J$?,,"1(*9.%&0-( 2,99 2,62 2,78 2,52 10,90

SIFT 5,87 5,23 4,27 4,18 19,54

O$8"/"+"4'(5*+),#-./0"- 3,77 3,82 2,99 2,62 13,19

S)6?%&0$0(* 0),0.-"1$'.2* +),#-./0"-"1* '$* 10"-"5* 4$6) .6"4-$;)'.5* %.E$*

/-)+,0$1%)'(*1*H$4%.E) 4.
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75OF)A5,R1

S)6?%&0$0(*0),0.-"1$'.2*4$6(*.6"4-$;)'.5*, -$6%.D'(8.*+1.;)'.28.

\"8)-*

+1.;)'.2 SIFT

J$?,,"1(*

9.%&0-(

O$8"/"+"4'(5*

+),#-./0"- =1.;)'.)

1 22,3 23,6 23,2 8"-:$'.)

2 18,5 20,3 21,7 16:%2+*11)-@

3 17,3 20,5 19,2 16:%2+*1%)1"

4 17,6 18,7 19,2 16:%2+*1/-$1"

5 26,5 37,6 32,7 "0#%"')'.)*:"%"1(*1/-$1"

6 25,7 35,1 33,8 "0#%"')'.)*:"%"1(*1%)1"

7 43,0 48,9 50,9 /"1"-"0*:"%"1(*1/-$1"

8 47,2 52,1 50,6 /"1"-"0*:"%"1(*1%)1"

9 58,8 64,3 71,2 '$#%"'*:"%"1(*1/)-)+

10 42,3 48,5 42,5 '$#%"'*:"%"1(*'$6$+

AB8CD7/.0/ +/;C14:,:2-$0$-5-275

S$,,8$0-.1$)8()* 1* +$''"5* ,0$0&)* +),#-./0"-(* /"#$6$%.* +",0$0"D'"* 1(,"#.)*

-)6?%&0$0(* /-.* .@* .,/"%&6"1$'..* 1* 6$+$D)* %"#$%.6$E..* #"'0-"%&'(@* 0"D)#* %.E$* 1*

-$6%.D'(@* ?,%"1.2@<* C-.* 0),0.-"1$'..* '$* "0+)%&'(@* 9"0":-$9.2@* ]4$6$* .6"4-$;)'.5*

IMM) +),#-./0"-7* ",'"1$''(5* '$* 1(D.,%)'..* ,)-..* ,1)-0"#* ,* :$?,,"1(8.* 9.%&0-$8.7*
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