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ИЗОБРАЖЕНИЙ РАДУЖНЫХ ОБОЛОЧЕК ГЛАЗ С ПОМОЩЬЮ

МЕТОДА ПРОЕКЦИОННОЙ ФАЗОВОЙ КОРРЕЛЯЦИИ∗

Е. А. Павельева1

�−−®â�æ¨ï: ÷�¡®â� ®á−®¢�−� −� �−�«¨§¥ ¨ á®¯®áâ�¢«¥−¨¨ −�¨¡®«¥¥ ¨−ä®à-
¬�â¨¢−ëå â®ç¥ª â¥ªáâãàë à�¤ã¦−®© ®¡®«®çª¨ £«�§� | ª«îç¥¢ëå â®ç¥ª. „«ï
−�å®¦¤¥−¨ï ª«îç¥¢ëå â®ç¥ª ¨á¯®«ì§ã¥âáï ¯à¥®¡à�§®¢�−¨¥ �à¬¨â�. �à¥¤«�-
£�¥âáï ®áãé¥áâ¢«ïâì ¯®¨áª á®®â¢¥âáâ¢¨© ¬¥¦¤ã ª«îç¥¢ë¬¨ â®çª�¬¨ à�¤ã¦−ëå
®¡®«®ç¥ª á ¯®¬®éìî ¬¥â®¤� ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ «®ª�«ì−ëå
®ªà¥áâ−®áâ¥© ª«îç¥¢ëå â®ç¥ª. ‚ ¬¥â®¤¥ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨
¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ ¯à¨¬¥−ï¥âáï ª à�§«®¦¥−¨ï¬ äã−ªæ¨© ¨−â¥−á¨¢−®áâ¨
¨§®¡à�¦¥−¨© ¢ àï¤ ”ãàì¥ ¯® äã−ªæ¨ï¬ �à¬¨â�. ‚ ¯à¥¤«®¦¥−−®¬ ¬¥â®¤¥
á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª −¥ ¨á¯®«ì§ã¥âáï ¨−ä®à¬�æ¨ï, á¢ï§�−−�ï á ¨å
à�á¯®«®¦¥−¨¥¬. Œ¥â®¤ ¯®§¢®«ï¥â ¤®¡¨âìáï å®à®è¨å à¥§ã«ìâ�â®¢ áà�¢−¥−¨ï
¨§®¡à�¦¥−¨© ¨ ¨§¡¥¦�âì ®è¨¡®ª, á¢ï§�−−ëå á «®ª�«ì−ë¬¨ á¤¢¨£�¬¨ ç�áâ¥©
¨§®¡à�¦¥−¨© ¨ á ¯®¯�¤�−¨¥¬ ¢¥ª, à¥á−¨æ ¨ ¡«¨ª®¢ −� ¨§®¡à�¦¥−¨ï.
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1 Введение

‚ë¤¥«¥−¨¥ −� ¨§®¡à�¦¥−¨¨ −�¨¡®«¥¥ ¨−ä®à¬�â¨¢−ëå ª«îç¥¢ëå â®ç¥ª ï¢«ï-
¥âáï à�á¯à®áâà�−¥−−ë¬ ¯®¤å®¤®¬ ª à¥è¥−¨î ¬−®£¨å ¡¨®¬¥âà¨ç¥áª¨å §�¤�ç. �®
¢ë¤¥«¥−−ë¬ ª«îç¥¢ë¬ â®çª�¬ á®áâ�¢«ï¥âáï ¢¥ªâ®à á¢®©áâ¢ ¨ ¯à®¨§¢®¤¨âáï áà�¢-
−¥−¨¥ ¨§®¡à�¦¥−¨©. ‚ á«ãç�¥ à�á¯®§−�¢�−¨ï ¯® à�¤ã¦−®© ®¡®«®çª¥ £«�§� íâ®â
¯®¤å®¤ ¢áâà¥ç�¥âáï ¢ à�¡®â�å [1{4].

‚ à�¡®â¥ [2] ª«îç¥¢ë¥ â®çª¨ ¢ë¤¥«ïîâáï á ¯®¬®éìî ä¨«ìâà� ƒ�¡®à�. ‚ ª�ç¥-
áâ¢¥ ¢¥ªâ®à� á¢®©áâ¢ à�¤ã¦−®© ®¡®«®çª¨ ¢ëç¨á«ïîâáï à�ááâ®ï−¨ï ¬¥¦¤ã ª«îç¥-
¢ë¬¨ â®çª�¬¨. �¤−�ª® ¢ á«ãç�¥ ¯®¯�¤�−¨ï −� ¨§®¡à�¦¥−¨¥ à�¤ã¦−®© ®¡®«®çª¨
¡«¨ª®¢, ¢¥ª, à¥á−¨æ ¬®¦¥â ®âáãâáâ¢®¢�âì ¡®«ìè®¥ ª®«¨ç¥áâ¢® ª«îç¥¢ëå â®ç¥ª
à�¤ã¦−®© ®¡®«®çª¨.
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‚ à�¡®â¥ [4] ª«îç¥¢ë¥ â®çª¨ ¢ë¤¥«ïîâáï á ¯®¬®éìî á¢¥àâ®ª á ¢ë¡à�−−®©
äã−ªæ¨¥© ¯à¥®¡à�§®¢�−¨ï �à¬¨â�. ‘à�¢−¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¯à®¨áå®¤¨â á
¯®¬®éìî à�ááâ®ï−¨ï •í¬¬¨−£�. ˆ§®¡à�¦¥−¨¥ à�§¡¨¢�¥âáï −� ¡«®ª¨, ¨ §−�ç¥−¨¥
¡«®ª� à�¢−ï¥âáï ¥¤¨−¨æ¥, ¥á«¨ â�¬ ¯à¨áãâáâ¢ã¥â å®âï ¡ë ®¤−� ª«îç¥¢�ï â®çª�,
¨ à�¢−ï¥âáï −ã«î ¢ ¯à®â¨¢−®¬ á«ãç�¥. Œ¥à®© ¡«¨§®áâ¨ ¨§®¡à�¦¥−¨© ï¢«ï¥âáï
ç¨á«® á®¢¯�¤�îé¨å ¡«®ª®¢. ’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢¨ï ¬¥¦¤ã
ª«îç¥¢ë¬¨ â®çª�¬¨, á¢ï§�−−ë¥ «¨èì á ¨å à�á¯®«®¦¥−¨¥¬.

‚ ¤�−−®© à�¡®â¥ ¯à¥¤«®¦¥−® á®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª à�¤ã¦−ëå ®¡®-
«®ç¥ª £«�§ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ «®ª�«ì−ëå ®ªà¥áâ−®áâ¥©
ª«îç¥¢ëå â®ç¥ª.

”�§� ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ ¨§®¡à�¦¥−¨ï −¥á¥â ¢ á¥¡¥ £®à�§¤® ¡®«ìè¥ ¨−-
ä®à¬�æ¨¨, ç¥¬ ¥£® �¬¯«¨âã¤� [5]. Œ¥â®¤ ä�§®¢®© ª®àà¥«ïæ¨¨ [6, 7] ¨á¯®«ì§ã¥â
â®«ìª® ¨−ä®à¬�æ¨î ® ä�§¥ ¤¨áªà¥â−®£® ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ ¤«ï ®¯à¥¤¥«¥−¨ï
¡«¨§®áâ¨ ¨ á¤¢¨£®¢ ¨§®¡à�¦¥−¨©. „¨áªà¥â−®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ ¯®¤à�§ã-
¬¥¢�¥â ¯¥à¨®¤¨ç¥áª®¥ ¯à®¤®«¦¥−¨¥ ¨§®¡à�¦¥−¨©, ¯®íâ®¬ã ¢ á«ãç�¥ ¨§®¡à�¦¥−¨©
−¥¡®«ìè¨å à�§¬¥à®¢ ¢ ¬¥â®¤¥ ä�§®¢®© ª®àà¥«ïæ¨¨ ¬®£ãâ ¢®§−¨ª�âì ®è¨¡ª¨ ¢ë-
ç¨á«¥−¨ï, á¢ï§�−−ë¥ á «®¦−ë¬ ®ª®−âãà¨¢�−¨¥¬. ‚ à�¡®â¥ ¯à¥¤«�£�¥âáï ¬¥â®¤
¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨, ¢ ª®â®à®¬ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ ¯à¨¬¥−ï-
¥âáï ª à�§«®¦¥−¨ï¬ äã−ªæ¨© ¨−â¥−á¨¢−®áâ¨ ¨§®¡à�¦¥−¨© ¢ àï¤ ¯® äã−ªæ¨ï¬
�à¬¨â�. Œ¥â®¤ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ −¥ âà¥¡ã¥â ¯¥à¨®¤¨ç¥áª®-
£® ¯à®¤®«¦¥−¨ï ¨§®¡à�¦¥−¨© ¤«ï ¢ëç¨á«¥−¨ï ¯à¥®¡à�§®¢�−¨ï ”ãàì¥, ¯®íâ®¬ã
¨¬¥¥â ¯à¥¨¬ãé¥áâ¢® −� ¨§®¡à�¦¥−¨ïå −¥¡®«ìè¨å à�§¬¥à®¢.

2 Предобработка изображений радужных оболочек глаз

�� ¨§®¡à�¦¥−¨¨ ¢ë¤¥«ï¥âáï à�¤ã¦−�ï ®¡®«®çª� £«�§� ¨ ¬�áª� à�¤ã¦−®©
®¡®«®çª¨ | ®¡«�áâ¨ à�¤ã¦−®© ®¡®«®çª¨, −¥ §�ªàëâë¥ à¥á−¨æ�¬¨, ¢¥ª�¬¨ ¨

÷¨á. 1 ‚ë¤¥«¥−¨¥ à�¤ã¦−®© ®¡®«®çª¨ ¨ ¬�áª¨ à�¤ã¦−®© ®¡®«®çª¨ (�); −®à¬�«¨-
§®¢�−−®¥ ¨§®¡à�¦¥−¨¥ à�¤ã¦−®© ®¡®«®çª¨ (¡); −®à¬�«¨§®¢�−−®¥ ¨§®¡à�¦¥−¨¥ ¯®á«¥
¯à¥¤®¡à�¡®âª¨ (¢)
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¡«¨ª�¬¨. „�«¥¥ à�¤ã¦−�ï ®¡®«®çª� ¯¥à¥¢®¤¨âáï ¢ ¯àï¬®ã£®«ì−®¥ −®à¬�«¨§®-
¢�−−®¥ ¨§®¡à�¦¥−¨¥ à�§¬¥à®¬ 512 × 64 ¯¨ªá¥«®¢ [4], ¯à®¨áå®¤¨â ¢ëà�¢−¨¢�−¨¥
®á¢¥é¥−−®áâ¨ ¨ ¯®¢ëè¥−¨¥ ª®−âà�áâ−®áâ¨ ¨§®¡à�¦¥−¨ï (à¨á. 1) [8].

3 Метод ключевых точек

�®á«¥ ¯à¥¤®¡à�¡®âª¨ ¨§®¡à�¦¥−¨ï à�¤ã¦−®© ®¡®«®çª¨ −� −¥¬ ¢ë¤¥«ïîâáï
ª«îç¥¢ë¥ â®çª¨ ¯à¨ ¯®¬®é¨ á¢¥àâª¨ á ¢ë¡à�−−®© äã−ªæ¨¥© ¯à¥®¡à�§®¢�−¨ï
�à¬¨â�.

”ã−ªæ¨¨ ¯à¥®¡à�§®¢�−¨ï �à¬¨â� [9] §�¤�îâáï ä®à¬ã«®©:

ϕn(x) =
1√
2nn!

1

σ
√
π
e−(x/σ)2Hn

(

x

σ

)

, n = 0, 1, 2, . . . ,

£¤¥ σ | ¯�à�¬¥âà ¬�áèâ�¡�; Hn(x)| ¯®«¨−®¬ë �à¬¨â�:

H0(x) = 1 ; H1(x) = 2x ;

Hn(x) = 2xHn−1(x)− 2(n− 1)Hn−2(x) .

„¢ã¬¥à−ë¥ äã−ªæ¨¨ ¯à¥®¡à�§®¢�-

÷¨á. 2 ”ã−ªæ¨ï ¯à¥®¡à�§®¢�−¨ï �à¬¨-
â� ϕ2,0

−¨ï �à¬¨â� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥
¯à®¨§¢¥¤¥−¨ï ®¤−®¬¥à−ëå äã−ªæ¨©:

ϕm,n(x, y) = ϕm(x)ϕn(y) .

’¥ªáâãà� à�¤ã¦−®© ®¡®«®çª¨ £«�-
§� á¨«ì−¥¥ ¨§¬¥−ï¥âáï ¢ £®à¨§®−â�«ì-
−®¬ −�¯à�¢«¥−¨¨ −®à¬�«¨§®¢�−−®£®
¨§®¡à�¦¥−¨ï. ‘¢¥àâª®© (¨«¨ ª®àà¥-
«ïæ¨¥©) á äã−ªæ¨¥© ϕ2,0 (à¨á. 2) ¬®¦-
−® ¢ë¤¥«¨âì â¥ªáâãà−ë¥ ®á®¡¥−−®áâ¨
à�¤ã¦−®© ®¡®«®çª¨ £«�§� [8].

‚ ª�¦¤®© â®çª¥ (x0, y0) −®à¬�-
«¨§®¢�−−®£® ¨§®¡à�¦¥−¨ï à�¤ã¦−®©

®¡®«®çª¨ ¢ëç¨á«ï¥âáï á¢¥àâª� ¤�−−®£® ¨§®¡à�¦¥−¨ï á äã−ªæ¨¥© ¯à¥®¡à�§®¢�−¨ï
�à¬¨â� ϕ2,0 á® §−�ç¥−¨¥¬ ¯�à�¬¥âà� ¬�áèâ�¡� σ = 3: (I(x, y)∗ϕ2,0(x, y))|(x0,y0).

„�«¥¥ ¢ë¡¨à�îâáï â®çª¨ á® §−�ç¥−¨ï¬¨ á¢¥àâ®ª ¡®«ìè¥ áà¥¤−¥£® §−�ç¥−¨ï
¬®¤ã«¥© á¢¥àâ®ª ¨ ®âáâ®ïé¨¥ ¤àã£ ®â ¤àã£� −¥ ¬¥−¥¥ ç¥¬ −� 3 ¯¨ªá¥«� (à¨á. 3).

Š«îç¥¢ë¬¨ â®çª�¬¨ áç¨â�îâáï N ¢ë¡à�−−ëå â®ç¥ª (N ≤ 150) á −�¨¡®«ìè¨-
¬¨ §−�ç¥−¨ï¬¨ á¢¥àâ®ª.
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÷¨á. 3 Š«îç¥¢ë¥ â®çª¨ −� ¨áå®¤−®¬ −®à¬�«¨§®¢�−−®¬ ¨§®¡à�¦¥−¨¨, ¯®«ãç¥−−ë¥ á
¯®¬®éìî á¢¥àâ®ª á äã−ªæ¨¥© ¯à¥®¡à�§®¢�−¨ï �à¬¨â� ϕ2,0(x, y), σ = 3

4 Метод фазовой корреляции

Œ¥â®¤ ä�§®¢®© ª®àà¥«ïæ¨¨ [6, 7] ¯®§¢®«ï¥â ¢ëç¨á«ïâì ¬¥àã ¡«¨§®áâ¨ ¨§®¡-
à�¦¥−¨©. „«ï ¤¢ãå ¤¨áªà¥â−ëå ¨§®¡à�¦¥−¨© f(x, y) ¨ g(x, y) à�§¬¥à®¬ M ×N
¢ëç¨á«ïîâáï ¨å ¤¨áªà¥â−ë¥ ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ F (u, v) ¨ G(u, v), ¨ ¤«ï
á¯¥ªâà�«ì−ëå äã−ªæ¨© F (u, v) ¨ G(u, v) ¢ëç¨á«ï¥âáï ¨å ¢§�¨¬−ë© ä�§®¢ë©
á¯¥ªâà:

RFG(u, v) =
F (u, v)G(u, v)

|F (u, v)G(u, v)|
= ei(ϕF (u,v)−ϕG(u,v)) ,

â. ¥. á¯¥ªâà�«ì−�ï äã−ªæ¨ï á ¥¤¨−¨ç−ë¬ ¬®¤ã«¥¬, ä�§� ª®â®à®© à�¢−� à�§−®áâ¨
ä�§ äã−ªæ¨© F ¨G. „�«¥¥ ®â äã−ªæ¨¨ ¢§�¨¬−®£® ä�§®¢®£® á¯¥ªâà� ¢ëç¨á«ï¥âáï
®¡à�â−®¥ ¤¨áªà¥â−®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ ¨ ¯®«ãç�¥âáï äã−ªæ¨ï ä�§®¢®©
ª®àà¥«ïæ¨¨ (POC (phase-only correlation) äã−ªæ¨ï):

POCfg(x, y) = F
−1 [RFG(u, v)] .

‚ á«ãç�¥ ú¯®å®¦¨åû ¨§®¡à�¦¥−¨© POC-äã−ªæ¨ï ¨¬¥¥â ®¤¨− ç¥âª¨© ¯¨ª,
¢ëá®â� ¯¨ª� ®¯à¥¤¥«ï¥â ¬¥àã ¡«¨§®áâ¨ ¨§®¡à�¦¥−¨©, � ¯®«®¦¥−¨¥ ¯¨ª� á®®â¢¥â-
áâ¢ã¥â á¬¥é¥−¨î ®¤−®£® ¨§®¡à�¦¥−¨ï ®â−®á¨â¥«ì−® ¤àã£®£®. …á«¨ ¦¥ äã−ªæ¨¨
ú−¥ ¯®å®¦¨û, â® POC-äã−ªæ¨ï −¥ ¤�¥â ç¥âª®£® ¯¨ª�. ‚ à�¡®â¥ [10] ¯®ª�§�−®, çâ®
¥á«¨ ¡à�âì ®¡à�â−®¥ ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥ −¥ ®â ¢á¥£® á¯¥ªâà�«ì−®£® á¨£−�«�,
� â®«ìª® ®â ¥£® ç�áâ¨, á®®â¢¥âáâ¢ãîé¥© −¨§ª¨¬ ç�áâ®â�¬, â® ¯¨ª POC-äã−ªæ¨¨
¯®«ãç�¥âáï ¡®«¥¥ ç¥âª¨¬ ¨ ãáâ®©ç¨¢ë¬.

5 Метод проекционной фазовой корреляции

‚ ¬¥â®¤¥ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ [10] ¯à¥®¡à�§®¢�−¨¥ ”ãàì¥
¯à¨¬¥−ï¥âáï ª à�§«®¦¥−¨ï¬ ¨áå®¤−ëå −¥¯à¥àë¢−ëå äã−ªæ¨© ¨−â¥−á¨¢−®áâ¨
¨§®¡à�¦¥−¨© ¢ àï¤ ¯® äã−ªæ¨ï¬ �à¬¨â� ψm,n(x, y) [11].

�¤−®¬¥à−ë¥ äã−ªæ¨¨ �à¬¨â� §�¤�îâáï á«¥¤ãîé¥© ä®à¬ã«®©:

ψn(x) =
1√
2nn!

1
√

σ
√
π

e−x2/(2σ2)Hn

(

x

σ

)

, n = 0, 1, 2, . . .
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”ã−ªæ¨¨ �à¬¨â� ï¢«ïîâáï á®¡áâ¢¥−−ë¬¨ äã−ªæ¨ï¬¨ ¯à¥®¡à�§®¢�−¨ï ”ãàì¥

F [f ] =
1√
2π

∞
∫

−∞

f(x)e−iλx dx

á á®¡áâ¢¥−−ë¬¨ §−�ç¥−¨ï¬¨ ±1,±i:

F [ψn] = (−i)nψn

¨ ®¡à�§ãîâ ¯®«−ãî ®àâ®−®à¬¨à®¢�−−ãî ¢ ¯à®áâà�−áâ¢¥ L2(R) á¨áâ¥¬ã äã−ªæ¨©.
„¢ã¬¥à−ë¥ äã−ªæ¨¨ �à¬¨â� ¬®¦−® ¯à¥¤áâ�¢¨âì ¢ ¢¨¤¥ ¯à®¨§¢¥¤¥−¨ï ®¤−®-

¬¥à−ëå:

ψm,n(x, y) = ψm(x)ψn(y) .

�ãáâì ¨áá«¥¤ã¥¬ë¥ äã−ªæ¨¨ f(x, y) ¨ g(x, y) §�¤�−ë ¢ ¯àï¬®ã£®«ì−¨ª¥
D = [−A,A] × [−B,B]. �à®¤®«¦¨¬ ¨å −ã«¥¬ ¢ R2\D ¨ à�áá¬®âà¨¬ ç�áâ¨ç−ãî
áã¬¬ã à�§«®¦¥−¨ï ¢ àï¤ ¯® äã−ªæ¨ï¬ �à¬¨â� ψl,j(x, y), l = 0,m, j = 0, n:

f(x, y) ≈ f1(x, y) =

m
∑

l=0

n
∑

j=0

cljψl,j(x, y) , (1)

£¤¥ ª®íää¨æ¨¥−âë �à¬¨â�

clj =

∫∫

R2

f(x, y)ψl,j(x, y) dxdy .

’®£¤� �¯¯à®ªá¨¬�æ¨ï ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ ¯à¨¬¥â á«¥¤ãîé¨© ¢¨¤:

HF[f,m, n] = F [f1] = f





m
∑

l=0

n
∑

j=0

cljψl,j(x, y)



 =

m
∑

l=0

n
∑

j=0

clj(−i)l+jψl,j(x, y) .

�−�«®£¨ç−® ¢ëç¨á«ï¥âáï �¯¯à®ªá¨¬�æ¨ï ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ ¤«ï g(x, y).
„�«¥¥ ¤«ï á¯¥ªâà�«ì−ëå äã−ªæ¨© HF[f,m, n] ¨ HF[g,m, n] −�å®¤¨âáï ¨å ¢§�-
¨¬−ë© ä�§®¢ë© á¯¥ªâà Rfg(x, y) ¨ ¢ëç¨á«ï¥âáï äã−ªæ¨ï ¯à®¥ªæ¨®−−®© ä�§®¢®©

ª®àà¥«ïæ¨¨ HPPOCfg(x, y). �®áª®«ìªã F−1[Rfg(x, y)] = F [Rfg(−x,−y)], â®

HPPOCfg(x, y) = HF [Rfg(−x,−y),m, n] .
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6 Сравнение метода фазовой корреляции и метода проекционной
фазовой корреляции

“£®« ¯®¢®à®â� ®¤−®£® £«�§� ®â−®á¨â¥«ì−® ¤àã£®£® á®®â¢¥âáâ¢ã¥â æ¨ª«¨ç¥áª®-
¬ã á¤¢¨£ã ®¤−®£® −®à¬�«¨§®¢�−−®£® ¨§®¡à�¦¥−¨ï ®â−®á¨â¥«ì−® ¤àã£®£®. �ã¤¥¬
¨áª�âì á¤¢¨£ ¬¥â®¤�¬¨ ä�§®¢®© ª®àà¥«ïæ¨¨ (POC) ¨ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®à-
à¥«ïæ¨¨ (HPPOC). ‚ á«ãç�¥ ¨§®¡à�¦¥−¨© ®¤−®© à�¤ã¦−®© ®¡®«®çª¨ (à¨á. 4)
¯¨ª¨ POC- ¨ HPPOC-äã−ªæ¨© ¢ëà�¦¥−ë ç¥âª®, ¯à¨ íâ®¬ ¯®§¨æ¨ï ¯¨ª� á®®â-
¢¥âáâ¢ã¥â á¤¢¨£ã ¢â®à®£® ¨§®¡à�¦¥−¨ï ®â−®á¨â¥«ì−® ¯¥à¢®£® (¯®¢®à®âã ¢â®à®£®
£«�§� ®â−®á¨â¥«ì−® ¯¥à¢®£®), � ¢ëá®â� ¯¨ª� ®¯à¥¤¥«ï¥â ¬¥àã ¡«¨§®áâ¨ äã−ªæ¨©.
‚ á«ãç�¥ ¨§®¡à�¦¥−¨© à�§−ëå à�¤ã¦−ëå ®¡®«®ç¥ª (à¨á. 5) −¥â ç¥âª®£® ¯¨ª�
POC- ¨ HPPOC-äã−ªæ¨©.

�¤−�ª® ¯à¨ −¥¡®«ìè¨å à�§¬¥à�å ¨§®¡à�¦¥−¨© ¬¥â®¤ ¯à®¥ªæ¨®−−®© ä�§®-
¢®© ª®àà¥«ïæ¨¨ ¤�¥â ¡®«¥¥ â®ç−ë¥ à¥§ã«ìâ�âë, ç¥¬ ¬¥â®¤ ä�§®¢®© ª®àà¥«ïæ¨¨
(à¨á. 6). �â® á¢ï§�−® á â¥¬, çâ® ¬¥â®¤ HPPOC −¥ âà¥¡ã¥â ¯¥à¨®¤¨ç¥áª®£®
¯à®¤®«¦¥−¨ï ¨§®¡à�¦¥−¨© ¤«ï ¢ëç¨á«¥−¨ï ¯à¥®¡à�§®¢�−¨ï ”ãàì¥ (¢ ®â«¨ç¨¥ ®â

÷¨á. 4 �®à¬�«¨§®¢�−−ë¥ ¨§®¡à�¦¥−¨ï £«�§ ®¤−®£® ç¥«®¢¥ª� (�, ¡), ¨å POC-äã−ª-
æ¨ï (¢) ¨ HPPOC-äã−ªæ¨ï (£). —¥¬ ¢ëè¥ §−�ç¥−¨ï äã−ªæ¨© POC ¨«¨ HPPOC, â¥¬
â¥¬−¥¥ á®®â¢¥âáâ¢ãîé¨¥ ®¡«�áâ¨ ¨§®¡à�¦¥−¨© ¤«ï POC ¨ HPPOC
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÷¨á. 5 �®à¬�«¨§®¢�−−ë¥ ¨§®¡à�¦¥−¨ï £«�§ à�§−ëå «î¤¥© (�, ¡), ¨å POC-äã−ªæ¨ï (¢)
¨ HPPOC-äã−ªæ¨ï (£)

÷¨á. 6 —�áâ¨ ¨§®¡à�¦¥−¨© ®¤−®£® £«�§� (�, ¡); POC-äã−ªæ¨ï (¢); HPPOC-äã−ªæ¨ï (£)

¬¥â®¤� POC), ¨ ¯®íâ®¬ã ¢ ¬¥â®¤¥ HPPOC −¥ ¢®§−¨ª�¥â ®è¨¡®ª ®â áª�çª®¢ −�
£à�−¨æ�å («®¦−®£® ®ª®−âãà¨¢�−¨ï). ‚ á«ãç�¥ ¨§®¡à�¦¥−¨© ¬�«¥−ìª®£® à�§¬¥à�
®è¨¡ª¨ ¢ ¬¥â®¤¥ POC, á¢ï§�−−ë¥ á «®¦−ë¬ ®ª®−âãà¨¢�−¨¥¬, ¬®£ãâ ¯à¨¢®¤¨âì ª
−¥¢¥à−ë¬ à¥§ã«ìâ�â�¬.

7 Сопоставление ключевых точек радужных оболочек глаз методом
проекционной фазовой корреляции

�à¥¤«�£�¥âáï ¬¥â®¤ á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª à�¤ã¦−ëå ®¡®«®ç¥ª
£«�§, ®á−®¢�−−ë© −� �−�«¨§¥ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ ¨å ®ªà¥áâ−®-
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÷¨á. 7 ‘®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¤¢ãå ¨§®¡à�¦¥−¨© ®¤−®£® £«�§� ¬¥â®¤®¬
¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨: ¨áå®¤−ë¥ −®à¬�«¨§®¢�−−ë¥ ¨§®¡à�¦¥−¨ï (�, ¡,
¢ë¤¥«¥−ë ¤¢¥ áà�¢−¨¢�¥¬ë¥ ª«îç¥¢ë¥ â®çª¨); ®ªà¥áâ−®áâì (ã¢¥«¨ç¥−−�ï) ª«îç¥¢®©
â®çª¨ ¯¥à¢®£® ¨§®¡à�¦¥−¨ï (¢); ®ªà¥áâ−®áâì ª«îç¥¢®© â®çª¨ ¢â®à®£® ¨§®¡à�¦¥−¨ï (£);
HPPOC-äã−ªæ¨ï ¤«ï ¤�−−ëå ®ªà¥áâ−®áâ¥© (¤)

áâ¥© [8, 10]. ‚ ª�¦¤®© ª«îç¥¢®© â®çª¥ ¢ë¤¥«ï¥âáï «®ª�«ì−�ï ®ªà¥áâ−®áâì à�§¬¥à�
25× 10 ¯¨ªá¥«®¢ á æ¥−âà®¬ ¢ ¤�−−®© â®çª¥. „�−−®¥ ¨§®¡à�¦¥−¨¥ à�áª«�¤ë¢�¥âáï
¢ áã¬¬ã (1) ¯® äã−ªæ¨ï¬ �à¬¨â� ψlj, l = 0, 1, . . . , 9, j = 0, 1, 2, 3, 5. —¥¬ ¬¥−ìè¥
äã−ªæ¨© �à¬¨â� ¡¥à¥âáï ¤«ï ¯�à�¬¥âà¨§�æ¨¨, â¥¬ ¬¥−ìè¥ ª®íää¨æ¨¥−â®¢ ¡ã¤¥â
åà�−¨âìáï ¨ ãç�áâ¢®¢�âì ¢ áà�¢−¥−¨¨. —¥¬ ¡®«ìè¥ äã−ªæ¨© �à¬¨â�, â¥¬ «ãçè¥
¡ã¤¥â �¯¯à®ªá¨¬�æ¨ï äã−ªæ¨©.

‘−�ç�«� ®¯à¥¤¥«ï¥âáï ã£®« ¯®¢®à®â� ®¤−®£® £«�§� ®â−®á¨â¥«ì−® ¤àã£®£® ¬¥â®-
¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨, ¯à¨¬¥−¥−−ë¬ ª æ¥«ë¬ −®à¬�«¨§®¢�−−ë¬
¨§®¡à�¦¥−¨ï¬ [10] «¨¡® ª ¯à�¢®© ¢¥àå−¥© ç¥â¢¥àâ¨ −®à¬�«¨§®¢�−−ëå ¨§®¡à�-
¦¥−¨© ¤«ï ã¢¥«¨ç¥−¨ï ¡ëáâà®¤¥©áâ¢¨ï à�¡®âë ¬¥â®¤�. „�«¥¥ ª�¦¤�ï ª«îç¥¢�ï
â®çª� ®¤−®£® ¨§®¡à�¦¥−¨ï á®¯®áâ�¢«ï¥âáï á ª�¦¤®© ª«îç¥¢®© â®çª®© ¢â®à®£®
¨§®¡à�¦¥−¨ï ¨§ ®ªà¥áâ−®áâ¨ 40 × 10 ¯¨ªá¥«®¢ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®©
ª®àà¥«ïæ¨¨ ®ªà¥áâ−®áâ¥© (à�§¬¥à®¬ 25 × 10 ¯¨ªá¥«®¢) ¤�−−ëå ª«îç¥¢ëå â®ç¥ª.
’�ª¨¬ ®¡à�§®¬, áç¨â�¥¬, çâ® ¢®§¬®¦¥− ¯®¢®à®â £«�§� −� ã£®« ¤®±14◦. …á«¨ ®â−®-
è¥−¨¥ ¯¨ª� HPPOC-äã−ªæ¨¨ ª® ¢â®à®¬ã «®ª�«ì−®¬ã ¬�ªá¨¬ã¬ã íâ®© äã−ªæ¨¨
¡®«ìè¥ §−�ç¥−¨ï k = 3, â® áç¨â�¥âáï, çâ® ª«îç¥¢ë¥ â®çª¨ á®®â¢¥âáâ¢ãîâ ¤àã£
¤àã£ã. �à¨¬¥à �«£®à¨â¬� á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª ¯®ª�§�− −� à¨á. 7{9.

‚ á«ãç�¥ ¨§®¡à�¦¥−¨© ®¤−®£® £«�§� (á¬. à¨á. 7) ¤«ï á®¯®áâ�¢«ï¥¬ëå ª«îç¥¢ëå
â®ç¥ª ¥áâì ç¥âª¨© ¯¨ª HPPOC-äã−ªæ¨¨. ‚ á«ãç�¥ ¨§®¡à�¦¥−¨© à�§−ëå £«�§ (á¬.
à¨á. 8) ¤«ï á®¯®áâ�¢«ï¥¬ëå ª«îç¥¢ëå â®ç¥ª −¥â ç¥âª®£® ¯¨ª� HPPOC-äã−ªæ¨¨.
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÷¨á. 8 ‘®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª (¡«¨§ª¨å ¯® ¬¥áâ®à�á¯®«®¦¥−¨î) ¨§®¡à�¦¥−¨©
à�§−ëå £«�§ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨

�� à¨á. 9 ¯à¥¤áâ�¢«¥−ë −®à¬�«¨§®¢�−−ë¥ ¨§®¡à�¦¥−¨ï ®¤−®£® £«�§� ¨ ¯®-
ª�§�−® ¨å á®¯®áâ�¢«¥−¨¥ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨. —¥à−ë¬
æ¢¥â®¬ ®¡®§−�ç¥−ë ª«îç¥¢ë¥ â®çª¨, −¥ ¨¬¥îé¨¥ á®¯®áâ�¢¨¬ëå ª«îç¥¢ëå â®-
ç¥ª −� ¤àã£®¬ ¨§®¡à�¦¥−¨¨ ¯à¨ ¨á¯®«ì§®¢�−¨¨ ¬¥â®¤� ¯à®¥ªæ¨®−−®© ä�§®¢®©
ª®àà¥«ïæ¨¨. �¥«ë¥ â®çª¨ | â®çª¨, ¨¬¥îé¨¥ á®¯®áâ�¢¨¬ë¥ ª«îç¥¢ë¥ â®çª¨ −�
¤àã£®¬ ¨§®¡à�¦¥−¨¨. ˆ§ à¨áã−ª� ¢¨¤−®, çâ® ç¥¬ ¬¥−ìè¥ ¯®à®£ k ®â−®è¥−¨ï ¯¨ª�
HPPOC-äã−ªæ¨¨ ª® ¢â®à®¬ã «®ª�«ì−®¬ã ¬�ªá¨¬ã¬ã íâ®© äã−ªæ¨¨, â¥¬ ¡®«ìè¥
ª«îç¥¢ëå â®ç¥ª ®ª�§ë¢�îâáï á®¯®áâ�¢¨¬ë¬¨.

8 Сопоставление ключевых точек радужных оболочек глаз
с помощью расстояния Хэмминга

�à¨ á®¯®áâ�¢«¥−¨¨ ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à�ááâ®ï−¨ï •í¬¬¨−£� [4]
¨§®¡à�¦¥−¨¥ à�§¡¨¢�¥âáï −� ¡«®ª¨ 4 × 4 ¯¨ªá¥«�, ¨ §−�ç¥−¨¥ ¡«®ª� ¯à¨à�¢-
−¨¢�¥âáï 1, ¥á«¨ ¢ −¥£® ¯®¯�¤�¥â å®âï ¡ë ®¤−� ª«îç¥¢�ï â®çª�, ¨ 0, ¥á«¨ −¥
¯®¯�¤�¥â −¨ ®¤−®© ª«îç¥¢®© â®çª¨. ÷�ááâ®ï−¨¥¬ ¬¥¦¤ã ¨§®¡à�¦¥−¨ï¬¨ áç¨-
â�¥âáï ç¨á«® á®¢¯�¤�îé¨å ¡«®ª®¢. ’�ª¨¬ ®¡à�§®¬, ¨á¯®«ì§ãîâáï á®®â¢¥âáâ¢¨ï
¬¥¦¤ã ª«îç¥¢ë¬¨ â®çª�¬¨, á¢ï§�−−ë¥ «¨èì á ¨å à�á¯®«®¦¥−¨¥¬. ‚ á«ãç�¥
«®ª�«ì−ëå á¤¢¨£®¢ ¨§®¡à�¦¥−¨© á®®â¢¥âáâ¢ãîé¨¥ ¤àã£ ¤àã£ã ª«îç¥¢ë¥ â®çª¨
¨§®¡à�¦¥−¨© ®¤−®£® £«�§� ¬®£ãâ ¯®¯�¤�âì ¢ á®á¥¤−¨¥ ¡«®ª¨. ‚ á«ãç�¥ ¯®¯�¤�−¨ï
−� ¨§®¡à�¦¥−¨¥ à�¤ã¦−®© ®¡®«®çª¨ ¡«¨ª®¢, ¢¥ª, à¥á−¨æ ¬®¦¥â ®âáãâáâ¢®¢�âì
¡®«ìè®¥ ª®«¨ç¥áâ¢® ª«îç¥¢ëå â®ç¥ª, ¯à¨áãâáâ¢ãîé¨å −� ¤àã£®¬ ¨§®¡à�¦¥−¨¨
â®© ¦¥ à�¤ã¦−®© ®¡®«®çª¨ (à¨á. 10). …á«¨ ¦¥ £«�§� à�§−ë¥, â® ¢ ®¤−®© ¨ â®©
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÷¨á. 9 ‘®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¨§®¡à�¦¥−¨© ®¤−®£® £«�§� ¬¥â®¤®¬ ¯à®¥ªæ¨®−-
−®© ä�§®¢®© ª®àà¥«ïæ¨¨ ¯à¨ à�§«¨ç−ëå ¯®à®£�å k: (�) k = 2; (¡) 3 (¨á¯®«ì§ã¥âáï ¯à¨
�−�«¨§¥ à¥§ã«ìâ�â®¢ à�¡®âë ¬¥â®¤� ¢ à�§¤. 9); (¢) k = 4

¦¥ ®¡«�áâ¨ ¬®£ãâ ®ª�§�âìáï ª«îç¥¢ë¥ â®çª¨ (â. ¥. á®®â¢¥âáâ¢ãîé¨¥ ¡«®ª¨ ¡ã¤ãâ
á®¢¯�¤�âì), −® á®®â¢¥âáâ¢ãîé¨¥ à�§−ë¬ â¥ªáâãà−ë¬ ®á®¡¥−−®áâï¬.

�� à¨á. 10, � ¨ 10, ¡ ¯à¨¢¥¤¥−ë â¥ ¦¥ ¨§®¡à�¦¥−¨ï, çâ® ¨ −� à¨á. 9, ¨ ¯à¨-
¢¥¤¥−® á®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª íâ¨å ¨§®¡à�¦¥−¨© á ¯®¬®éìî à�ááâ®ï−¨ï
•í¬¬¨−£� (à¨á. 10, ¢). Š«îç¥¢ë¥ â®çª¨ ¯¥à¢®£® ¨§®¡à�¦¥−¨ï ®¡®§−�ç¥−ë ç¥à−ë¬
æ¢¥â®¬, ¢â®à®£® | ¡¥«ë¬. ÷�§®¡ì¥¬ ¯à¨¢¥¤¥−−ë¥ ¨§®¡à�¦¥−¨ï −� âà¨ ç�áâ¨.
‚¨¤−®, çâ® ¢ ¯à�¢®© ç�áâ¨ ¨§®¡à�¦¥−¨© ª«îç¥¢ë¥ â®çª¨ −� ¤¢ãå ¨§®¡à�¦¥−¨ïå
á®®â¢¥âáâ¢ãîâ ¤àã£ ¤àã£ã. ‚ æ¥−âà¥ ¨§®¡à�¦¥−¨© §�¬¥â−® á¬¥é¥−¨¥ ª«îç¥¢ëå
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÷¨á. 10 ‘®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª ¨§®¡à�¦¥−¨© ®¤−®£® £«�§� ¬¥â®¤®¬ •í¬¬¨−£�

â®ç¥ª ¨§®¡à�¦¥−¨© (íâ® á¢ï§�−® á «®ª�«ì−ë¬ á¬¥é¥−¨¥¬ æ¥−âà�«ì−ëå ç�áâ¥©
¨§®¡à�¦¥−¨ï). ‘«¥¢� −� à¨á. 10, ¡ ¯à¨áãâáâ¢ã¥â ¢¥ª®, ¯®íâ®¬ã â�¬ ®âáãâáâ¢ãîâ
ª«îç¥¢ë¥ â®çª¨, ¯à¨áãâáâ¢ãîé¨¥ −� à¨á. 10, �.

9 Результаты алгоритмов сопоставления ключевых точек

„«ï áà�¢−¥−¨ï ¤¢ãå ¯à¥¤«®¦¥−−ëå ¬¥â®¤®¢ á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª
¨á¯®«ì§ã¥âáï ç�áâì ¡�§ë ¤�−−ëå CASIA-IrisV3 [12], á®¤¥à¦�é�ï ¨§®¡à�¦¥−¨ï
£«�§ ¯¥à¢ëå 20 «î¤¥© ¢ ¡�§¥: 224 ¨§®¡à�¦¥−¨©, ®¡à�§ãîé¨å 40 ¬−®¦¥áâ¢
M1, . . . ,M40 (ª�¦¤®¥ ¬−®¦¥áâ¢® á®¤¥à¦¨â ¨§®¡à�¦¥−¨ï ®¤−®£® ¨§ ¤¢ãå £«�§
®¤−®£® ¨§ 20 «î¤¥©). ‚ íâ®© ¡�§¥ ¤�−−ëå ¤«ï ª�¦¤®© ¯�àë ¨§®¡à�¦¥−¨©
á®¯®áâ�¢«ïîâáï ª«îç¥¢ë¥ â®çª¨ á ¯®¬®éìî à�ááâ®ï−¨ï •í¬¬¨−£� ¨ ¬¥â®¤®¬
¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨. ÷�ááâ®ï−¨¥¬ ¬¥¦¤ã ¨§®¡à�¦¥−¨ï¬¨ áç¨â�-
¥âáï ç¨á«® á®¢¯�¤�îé¨å (¯® ¬¥â®¤ã •í¬¬¨−£� ¨«¨ ¬¥â®¤ã ¯à®¥ªæ¨®−−®© ä�§®¢®©
ª®àà¥«ïæ¨¨) ª«îç¥¢ëå â®ç¥ª.

‚®§−¨ª�¥â ¢®¯à®á ® ¢ë¡®à¥ ¯®à®£®¢®£® §−�ç¥−¨ï: ¥á«¨ à�ááâ®ï−¨¥ ¬¥¦¤ã
¨§®¡à�¦¥−¨ï¬¨ ¢ëè¥ íâ®£® §−�ç¥−¨ï, £«�§� áç¨â�îâáï ®¤¨−�ª®¢ë¬¨, ¥á«¨ −¨-
¦¥ | à�§−ë¬¨. �è¨¡ª� I à®¤�, ¨«¨ FRR (False Rejection Rate), | §−�ç¥−¨¥
¢ ¯à®æ¥−â�å, ¯®ª�§ë¢�îé¥¥, ¢ áª®«ìª¨å á«ãç�ïå ®¤¨−�ª®¢ë¥ £«�§� áç¨â�îâáï
à�§−ë¬¨. �è¨¡ª� II à®¤�, ¨«¨ FAR (False Acceptance Rate), | §−�ç¥−¨¥ ¢
¯à®æ¥−â�å, ¯®ª�§ë¢�îé¥¥, ¢ áª®«ìª¨å á«ãç�ïå à�§−ë¥ £«�§� áç¨â�îâáï ®¤¨−�-
ª®¢ë¬¨. ‚¥«¨ç¨−� EER (Equal Error Rate) | ¢¥«¨ç¨−� ®è¨¡ª¨ à�¡®âë ¬¥â®¤�,
¯à¨ ª®â®à®© ®è¨¡ª¨ I ¨ II à®¤� à�¢−ë.
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÷¨á. 11 ‘®¯®áâ�¢«¥−¨¥ ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à�ááâ®ï−¨ï •í¬¬¨−£� (�) ¨
¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ (¡)

�à¨ á®¯®áâ�¢«¥−¨¨ ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à�ááâ®ï−¨ï •í¬¬¨−£� ¢¥«¨-
ç¨−� EER á®áâ�¢¨«� 3,43%, ¯à¨ á®¯®áâ�¢«¥−¨¨ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®©
ª®àà¥«ïæ¨¨ EER = 0,02%. �� à¨á. 11 ¯à¨¢¥¤¥−ë à¥§ã«ìâ�âë á®¯®áâ�¢«¥−¨ï
ª«îç¥¢ëå â®ç¥ª á ¯®¬®éìî à�ááâ®ï−¨ï •í¬¬¨−£� (�) ¨ á ¯®¬®éìî ¯à®¥ªæ¨-
®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ (¡). ‘¢¥â«®-á¥àë¬ æ¢¥â®¬ ¯®ª�§�−® à�á¯à¥¤¥«¥−¨¥
¢á¥¢®§¬®¦−ëå áà�¢−¥−¨© ¨§®¡à�¦¥−¨© ®¤−®£® £«�§�, â¥¬−®-á¥àë¬ æ¢¥â®¬ |
à�á¯à¥¤¥«¥−¨¥ ¢á¥¢®§¬®¦−ëå áà�¢−¥−¨© ¨§®¡à�¦¥−¨© à�§−ëå £«�§, ç¥à−ë¬ |
¯¥à¥á¥ç¥−¨¥ íâ¨å à�á¯à¥¤¥«¥−¨©.

10 Заключение

�à¥¤«®¦¥− ¬¥â®¤ á®¯®áâ�¢«¥−¨ï ª«îç¥¢ëå â®ç¥ª ¨§®¡à�¦¥−¨© à�¤ã¦−ëå
®¡®«®ç¥ª £«�§ −� ®á−®¢¥ ¬¥â®¤� ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨. ‘à�¢−¥−¨¥
ª«îç¥¢ëå â®ç¥ª ¯à®¨áå®¤¨â ¯® «®ª�«ì−®© ¨−ä®à¬�æ¨¨ ®ªà¥áâ−®áâ¥© ª«îç¥¢ëå
â®ç¥ª. ‚ ¬¥â®¤¥ −¥ ¨á¯®«ì§ãîâáï −¨ª�ª¨¥ á®®â¢¥âáâ¢¨ï ¬¥¦¤ã ª«îç¥¢ë¬¨ â®çª�-
¬¨, á¢ï§�−−ë¥ á ¨å ¢§�¨¬®à�á¯®«®¦¥−¨¥¬. �à¥¤«®¦¥−−ë© ¬¥â®¤ á®¯®áâ�¢«¥−¨ï
ª«îç¥¢ëå â®ç¥ª ¤®áâ�â®ç−® ãáâ®©ç¨¢ ª ¯à¨áãâáâ¢¨î ¢¥ª, à¥á−¨æ ¨ ¡«¨ª®¢ −�
¨§®¡à�¦¥−¨¨, � â�ª¦¥ ª «®ª�«ì−ë¬ á¤¢¨£�¬ ç�áâ¥© ¨§®¡à�¦¥−¨ï.

Литература

1. Ma L., Tan T., Wang Y., Zhang D. Efficient iris recognition by characterizing key
local variations // IEEE Trans. Image Process., 2004. Vol. 13. No. 6. P. 739{750.

2. Yu L., Zhang D., Wang K. The relative distance of key point based iris recognition //
Pattern Recogn., 2007. Vol. 40. No. 2. P. 423{430.

‘ˆ‘’…Œ› ˆ ‘÷…„‘’‚� ˆ�”�÷Œ�’ˆŠˆ â®¬ 23 −®¬¥à 2 2013 85



…. �. ��¢¥«ì¥¢�

3. Hollingsworth K., Bowyer K., Flynn P. The best bits in an iris code // IEEE
TPAMI, 2009. Vol. 31. No. 6. P. 964{973.

4. ��¢¥«ì¥¢� …. �., Šàë«®¢ �. ‘. �®¨áª ¨ �−�«¨§ ª«îç¥¢ëå â®ç¥ª à�¤ã¦−®© ®¡®«®çª¨
£«�§� ¬¥â®¤®¬ ¯à¥®¡à�§®¢�−¨ï �à¬¨â� // ˆ−ä®à¬�â¨ª� ¨ ¥ñ ¯à¨¬¥−¥−¨ï, 2010.
’. 4. ‚ë¯. 1. ‘. 79{82.

5. Oppenheim A. V., Lim J. S. The importance of phase in signals // IEEE Proceedings,
1981. Vol. 69. No. 5. P. 529{541.

6. Miyazawa K., Ito K., Aoki T., Kobayashi K., Nakajima H. A phase-based iris
recognition algorithm // Advances in biometrics / Eds. D. Zhang, A. K. Jain.
Lecture notes in computer science ser. | Berlin, Heidelberg: Springer, 2006. Vol. 3832.
P. 356{365.

7. Nagashima S., Ito K., Aoki T., Ishii H., Kobayashi K. High-accuracy estimation of
image rotation using 1D phase-only correlation // IEICE Trans. Fund. Electr., 2009.
Vol. E92-A. No. 1. P. 235{243.

8. ��¢¥«ì¥¢� …. �. Œ¥â®¤ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ ¢ ª«îç¥¢ëå â®çª�å
à�¤ã¦−®© ®¡®«®çª¨ £«�§� // ƒà�ä¨Š®−'2012: ’àã¤ë 22-© Œ¥¦¤ã−�à. ª®−ä. ¯®
ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ ¨ §à¥−¨î. | Œ.: Œ�Š‘ �à¥áá, 2012. ‘. 128{132.

9. Martens J.-B. The Hermite transform-theory // IEEE Trans. Acoust. Speech, 1990.
Vol. 38. No. 9. P. 1595{1606.

10. ��¢¥«ì¥¢� …. �., Šàë«®¢ �. ‘. �¯à¥¤¥«¥−¨¥ «®ª�«ì−ëå á¤¢¨£®¢ ¨§®¡à�¦¥−¨© à�-
¤ã¦−ëå ®¡®«®ç¥ª £«�§ ¬¥â®¤®¬ ¯à®¥ªæ¨®−−®© ä�§®¢®© ª®àà¥«ïæ¨¨ // ƒà�ä¨-
Š®−'2011: ’àã¤ë 21-© Œ¥¦¤ã−�à. ª®−ä. ¯® ª®¬¯ìîâ¥à−®© £à�ä¨ª¥ ¨ §à¥−¨î. |
Œ.: Œ�Š‘ �à¥áá, 2011. ‘. 188{191.

11. Krylov A., Korchagin D. Fast Hermite projection method // Image analysis and
recognition / Eds. A. Campilho, M. S. Kamel. Lecture notes in computer science
ser. | Berlin, Heidelberg: Springer-Verlag, 2006. Vol. 4141. P. 329{338.

12. CASIA-IrisV3 database. Available at: http://www.cbsr.ia.ac.cn/IrisDatabase.htm.
(accessed October 25, 2013).

THE SEARCH FOR MATCHES BETWEEN THE IRIS KEY POINTS
USING HERMITE PROJECTION PHASE-ONLY CORRELATION

METHOD

E. A. Pavelyeva

Faculty of Computational Mathematics and Cybernetics, M. V. Lomonosov Moscow
State University, Moscow, Russia, paveljeva@yandex.ru

Abstract: The paper is based on the analysis and comparison of the iris key
points which are the most informative points of the iris image texture. The key
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points are selected using Hermite transform. The search for matches between
the iris key points using Hermite projection phase-only correlation of local areas
around key points is suggested. In Hermite projection phase-only correlation
method, the Fourier transform is applied to the expansions of images intensity
functions in a Fourier series of Hermite functions. The proposed method of key
points comparisons does not use any information about key points locations, is
robust to eyelids, eyelashes, and glares, and gives good results.
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