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·≈– Õ∏‘…°“πµå ‰°√∑Õß

°“√√Ÿâ®”¡à“πµ“‚¥¬„™â¡‘µ‘·ø√Á°∑—≈

Iris Recognition using Fractal Dimension

∫∑§—¥¬àÕ

°“√√Ÿâ®”¡à“πµ“‡ªìπ°“√√Ÿâ®”≈—°…≥–¢Õß

¡à“πµ“∑’ËÕ¬Ÿà„π¥«ßµ“ ‚¥¬¡à“πµ“®–‡√‘Ë¡¡’ ’·≈–

≈“¬‡ âπµ—Èß·µàÕ“¬ÿ‰¥â “¡‡¥◊Õπ·≈–®– ¡∫Ÿ√≥å

¿“¬„π¢«∫ªï·√° ·≈–‰¡à‡ª≈’Ë¬π·ª≈ß®π ‘ÈπÕ“¬ÿ

¢—¬ ¡à“πµ“ Õß¢â“ß®–‰¡à‡À¡◊Õπ°—π·≈– ‰¡à¡’°“√

∂à“¬∑Õ¥∑“ßæ—π∏ÿ°√√¡·¡â·µà„πΩ“·Ω¥ ®÷ß¡’

‡Õ°≈—°…≥å„π√–∫∫°“√√Ÿâ®” „π°“√µ√«® Õ∫

¡à“πµ“ ¥«ßµ“‰¡àµâÕß —¡º— ‚¥¬µ√ß°—∫Õÿª°√≥å

°“√µ√«® Õ∫ ®÷ß “¡“√∂√—°…“§«“¡ –Õ“¥·≈–

¬◊¥Õ“¬ÿ°“√„™âß“π¢ÕßÕÿª°√≥åµ√«® Õ∫‰¥â ·µà

„πªí®®ÿ∫—π°“√„™âß“π¬—ßÕ¬Ÿà„π«ß®”°—¥ ‡π◊ËÕß®“°

°√–∫«π°“√∑”ß“π∑’Ë§àÕπ¢â“ß —́∫´âÕπ·≈–√“§“

¢Õß√–∫∫§àÕπ¢â“ß Ÿß ¡‘µ‘·ø√Á°∑—≈‡ªìπ«‘∏’°“√∑’Ë„™â

 ¡°“√°“√§”π«≥∑’Ë‰¡à´—∫´âÕπ ®÷ß‡ªìπ«‘∏’°“√

 °—¥§ÿ≥≈—°…≥–‡¥àπ∑’Ë„™â‡«≈“πâÕ¬¡“°‡¡◊ËÕ‡ª√’¬∫

‡∑’¬∫°—∫«‘∏’°“√Õ◊Ëπ ß“π«‘®—¬π’È®÷ß‰¥âπ”‡ πÕ°“√√Ÿâ

®”¡à“πµ“‚¥¬„™â¡‘µ‘·ø√Á°∑—≈∫äÕ° ǻ‡§“πåµ‘Èß·≈–

µ—«°√Õß§«“¡∂’Ë Ÿß-µË” ‡æ◊ËÕ≈¥‡«≈“„π°“√

ª√–¡«≈º≈ ´÷Ëß‡ªìπ«‘∏’°“√∑’Ëπà“ π„® ‡æ◊ËÕ„™â„π

°“√‡ª√’¬∫‡∑’¬∫Õ—µ≈—°…≥å¢Õß∫ÿ§§≈ ·≈–æ∫§à“

‡ªÕ√å‡´Áπµå§«“¡∂Ÿ°µâÕßÕ¬Ÿà∑’Ë√âÕ¬≈– 91.22

§”À≈—° : ‰∫‚Õ‡¡µ√‘°´å °“√√Ÿâ®”¡à“πµ“ √Ÿ¡à“πµ“

¡‘µ‘·ø√Á°∑—≈ °“√ °—¥§ÿ≥≈—°…≥–‡¥àπ

Abstract

Iris recognition is one of the best

biometrics techniques using the charac-

teristic recognition of iris.  Normally iris

both color and texture has been created

since the first three months and it will

be completed within one year.  Iris will

then remain unchanged until the end of
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oneûs life. Typically both sides of the eyes

iris are difference.  Moreover it is unique

and independent for genealogy even

though in twins.  In iris recognition system

is not necessary to use any parts of

equipment to contact directly to the eye.

As a result the cleanness equipment and

long life of could be a benefit of this

technique. Nowadays iris recognition is not

extensively used because complexity system

and expensive equipment. Fractal dimen-

sion is simply function then using times

less then more functions.  In this research

using fractal dimension box-counting and

high-low pass filters to extract features

becomes lower time consuming process.

Also this method is more interested for

identify human.  The result from this research

has shown that matching score is 91.22%.

Key words : biometrics, iris recognition,

pupil, fractal dimension,

feature extraction

1. ∫∑π”

°“√®”·π°≈—°…≥–‡©æ“–∫ÿ§§≈¡’§«“¡

 ”§—≠Õ¬à“ß¬‘Ëß „π√–∫∫√—°…“§«“¡ª≈Õ¥¿—¬ °“√

√Ÿâ®”¡à“πµ“ (Iris Recognition) ‡ªìπß“π«‘®—¬∑’Ë‰¥â

√—∫§«“¡ π„®Õ¬à“ß¡“°„πªí®®ÿ∫—π ‡π◊ËÕß®“°¡’

§«“¡·¡àπ¬” Ÿß ·≈–¡à“πµ“‰¡à¡’°“√∂à“¬∑Õ¥

∑“ßæ—π∏ÿ°√√¡·¡â·µà„πΩ“·Ω¥ [1] √–∫∫°“√√Ÿâ®”

¡à“πµ“∂Ÿ°π”‡ πÕ¢÷Èπ§√—Èß·√° ‚¥¬ Flom ·≈–

Safir „πªï §.». 1987 µàÕ¡“ Daugman et.

al. ‰¥âπ”‡ πÕ√–∫∫°“√√Ÿâ®”¡à“πµ“ ‚¥¬„™â

Integro-Differential Operator ‡æ◊ËÕ√–∫ÿ

µ”·Àπàß¡à“πµ“·≈–«ß√Ÿ¡à“πµ“ ®“°π—Èπ∑”°“√

§≈’Ë¿“æ„Àâ‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡º◊πºâ“‚¥¬„™â«‘∏’°“√∑’Ë

‡√’¬°«à“ Daugmanûs Rubber Sheet Model

·≈â«π”¿“æ∑’Ë‰¥â¡“ √â“ß√À— ¡à“πµ“¥â«¬°“√

§«Õπ‰∑ ǻ‡©æ“–§à“‡ø ∑’Ë‡°‘¥®“°°“√°√Õß¢Õß

°“∫Õ√å Õß¡‘µ‘‡™‘ß´âÕπ (Complex 2-D Gabor

filter) ·≈–π”§à“√À— ∑’Ë‰¥â‰ª‡ª√’¬∫‡∑’¬∫¥â«¬

«‘∏’°“√·Œ¡¡‘Ëß¥‘ ·∑π´å ´÷Ëß¡’§«“¡∂Ÿ°µâÕß¢Õß

¢âÕ¡Ÿ≈ Ÿß¡“°§◊Õ ¡’§à“§«“¡º‘¥æ≈“¥§≈“¥‡§≈◊ËÕπ

‡æ’¬ß 1 „π 1013 ‡∑à“π—Èπ [2] Wildes et. al.

„™â Hough Transform „π°“√À“µ”·Àπàß¢Õß

√Ÿ¡à“πµ“·≈–¢Õ∫¡à“πµ“ ‚¥¬¡’°“√µ—¥¿“æ à«π

¢ÕßÀπ—ßµ“·≈–¢πµ“ÕÕ° ®“°π—Èπ„™â Laplacian

Pyramid ‡æ◊ËÕ·∫àß√“¬≈–‡Õ’¬¥¢Õß¢âÕ¡Ÿ≈ ∑”

Normalized Correlation ‡æ◊ËÕ‡ª√’¬∫‡∑’¬∫¢âÕ¡Ÿ≈

[7] Masek et. al. „™â Hough Transform „π

°“√À“¢Õ∫√Ÿ¡à“πµ“·≈–¢Õ∫¡à“πµ“ ¥â«¬«‘∏’

Canny Edge Detection ‡æ◊ËÕ°”Àπ¥§à“„π°“√

µ—¥¿“æ¢Õ∫√Ÿ¡à“πµ“ ∑”°“√∑¥ Õ∫°—∫∞“π

¢âÕ¡Ÿ≈¢Õß CASIA [5] ‰¥â§à“§«“¡∂Ÿ°µâÕß§‘¥‡ªìπ

√âÕ¬≈– 83 [3] Yua ·≈– Zhangb et. al. π”

¿“æ∑’Ëºà“π°√–∫«π°“√§≈’Ë¿“æ‡ªìπ ’Ë‡À≈’Ë¬¡º◊π

ºâ“¡“ °—¥§ÿ≥≈—°…≥–‡¥àπ¢Õß¢âÕ¡Ÿ≈‚¥¬„™â«‘∏’

°“√¡‘µ‘·ø√Á°∑—≈∫äÕ°´å‡§“πåµ‘Èß ·≈–„™â‚§√ß¢à“¬

ª√– “∑‡∑’¬¡ (Back Propagation Neural

Network) ‡æ◊ËÕ„™â„π°“√·∫àß°≈ÿà¡¢âÕ¡Ÿ≈µ“¡

§ÿ≥≈—°…≥–‡¥àπ¢Õß¡à“πµ“ §à“§«“¡∂Ÿ°µâÕßÀ≈—ß

®“°°“√‡¢â“§Ÿà¡’§à“√âÕ¬≈– 98.28 [6] Teo ·≈–

Ewe et. al. ‡ πÕß“π«‘®—¬ ‚¥¬π”«‘∏’°“√

·ø√Á°∑—≈Àπ÷Ëß¡‘µ‘ ¡“„™â„π°“√√Ÿâ®”¡à“πµ“ ®“°

¿“æ∑’Ëºà“π°√–∫«π°“√ Normalization ∑”°“√

 °—¥§à“§ÿ≥≈—°…≥–‡¥àπ ‚¥¬‰¥â§à“§ÿ≥≈—°…≥–

‡¥àπ¢Õß¿“æ 87 §à“µàÕÀπ÷Ëß¿“æ¡à“πµ“ π”¡“

À“§à“∑—ÈßÀ¡¥∑’Ë‰¥â¡“À“§à“‡©≈’Ë¬ ‰¥â§à“µ—«·∑π

Õ—µ≈—°…≥å¢Õß¿“æ‰¥â§à“§«“¡º‘¥æ≈“¥ (EER) ∑’Ë
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√âÕ¬≈– 4.63 ®“°°“√∑¥ Õ∫®“°∞“π¢âÕ¡Ÿ≈ CASIA

·≈–√âÕ¬≈– 4.71 ®“°°“√∑¥ Õ∫°—∫∞“π¢âÕ¡Ÿ≈

MMU (Iris Image Database Multimedia

University) [8] ®“°°“√»÷°…“ß“π«‘®—¬‡°’Ë¬«°—∫

√–∫∫°“√√Ÿâ®”¡à“πµ“æ∫«à“°“√π”«‘∏’°“√¡‘µ‘

·ø√Á°∑—≈¡“„™â¬—ß “¡“√∂æ—≤π“µàÕ‰ª‰¥âÕ’° ‡π◊ËÕß

®“°¡‘µ‘·ø√Á°∑—≈‡ªìπ°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ∑’Ë¡’

§«“¡´—∫´âÕπ„π°“√∑”ß“ππâÕ¬¡“° ‡¡◊ËÕ‡∑’¬∫

°—∫«‘∏’°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ™π‘¥Õ◊Ëπ ß“π«‘®—¬π’È

®÷ßπ”§ÿ≥ ¡∫—µ‘¢Õß¡‘µ‘·ø√Á°∑—≈∫äÕ°´å‡§“πåµ‘Èß∑’Ë

„™â‰¥âº≈¥’„π°“√·∫àß°≈ÿà¡¢Õß¿“æ¡à“πµ“ [6] ¡“

∑”ß“π√à«¡°—∫µ—«°√Õß§«“¡∂’Ë Ÿß-µË” ∑’Ë„™â‰¥âº≈¥’

„π°“√√Ÿâ®”≈“¬π‘È«¡◊Õ [9] ‚¥¬‡ªìπ°“√ °—¥

§ÿ≥≈—°…≥–‡¥àπ¡à“πµ“∑’Ëæ—≤π“‡æ‘Ë¡¢÷Èπ®“°∞“π

¢âÕ¡Ÿ≈ MMU [8]

2. ∑ƒ…Æ’∑’Ë‡°’Ë¬«¢âÕß·≈–«‘∏’«‘®—¬

2.1 Cany Edge Detection

«‘∏’ Canny  “¡“√∂„™â„π°“√À“¢Õ∫¢Õß

«—µ∂ÿ„π¿“æ‰¥âÕ¬à“ß¡’§ÿ≥¿“æ [4] À≈—ß°“√ºà“π

µ—«°√Õß·∫∫ Gaussian ´÷Ëß¢Õ∫«—µ∂ÿ§”π«≥‰¥â

®“°§à“ Gradient x ·≈– y (Gx ·≈– Gy)

‚¥¬¢Õ∫¿“æ “¡“√∂À“‰¥â®“°

(2-1)

∑‘»∑“ß¢Õß¿“æ α (x, y)  “¡“√∂À“‰¥â®“°

(2-2)

2.2 Hough Transform

«‘∏’°“√∑’Ë “¡“√∂µ—¥ ‘π„®µ—«·ª√‡°’Ë¬«°—∫

‡√¢“§≥‘µ¢Õß«—µ∂ÿ∑—Èß‡ âπ·≈–«ß°≈¡ · ¥ß„π√Ÿª

·∫∫¢Õß¿“æ√Ÿª«ß°≈¡À√◊Õ«ß·À«π Hough Trans-

form  “¡“√∂ √â“ß√Ÿª«ß°≈¡‰¥â®“°°“√Õπÿ¡“π

®“°√—»¡’·≈–æ‘°—¥»Ÿπ¬å°≈“ß¢Õß√Ÿ¡à“πµ“·≈–

∫√‘‡«≥¡à“πµ“ ‡√‘Ë¡µâπ®“° √â“ß®ÿ¥¢Õ∫ ‚¥¬°“√

§”π«≥‡ªìπÕπÿæ—π∏å·√°¢Õß§à“§«“¡‡¢â¡„π

√Ÿª¿“æµ“·≈–§à“°“√µ—¥ ‘π„®®“°®ÿ¥¢Õ∫ [3]

¥—ß· ¥ß„π¿“æ∑’Ë 1 (°)

2.3 Daugmanûs Rubber Sheet Model

°“√§≈’Ë¿“æ¡à“πµ“ [2] ‚¥¬°“√·∑π°“√

‡¢â“∂÷ß¿“æ„π·µà≈–®ÿ¥¿“æ®“°√–∫∫æ‘°—¥§“√å∑’

‡™’¬π (Cartesian Coordinate) ‡ªìπ√–∫∫æ‘°—¥

‡™‘ß¢—È« (Polar Coordinate) ·≈â«∑”°“√·∑π®ÿ¥

¿“æ„ÀâÕ¬Ÿà„π·π«·°π (x, y) ¥—ß¿“æ∑’Ë 1 (¢)

¿“æ∑’Ë 1 (°) °“√µ√«®®—∫¡à“πµ“

(¢) °“√§≈’Ë¿“æ

(§) ¿“æÀ≈—ß°“√ª√—∫·µàß

(§)

(°)

(¢)

2.4 Contrast-Limited Adaptive Histo-

gram Equalization

°“√ª√—∫ª√ÿß§«“¡™—¥‡®π¢Õß¿“æ¡à“πµ“

¥â«¬°“√ª√—∫§à“„π°√“øŒ‘ ‚µ·°√¡ ´÷Ëß‡ªìπ°√“ø

· ¥ß§«“¡∂’Ë§«“¡‡¢â¡ ’¢Õß¿“æ «‘∏’°“√π’È®–™à«¬

°√–®“¬§à“§«“¡‡¢â¡ ’¢Õß¿“æ ∑”„Àâ≈¥ à«π‡°‘π

¢Õß —≠≠“≥¿“æ §ß‰«â·µà§«“¡™—¥‡®π¢Õß¿“æ

[8]
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2.5 ¡‘µ‘·ø√Á°∑—≈ (Fractal Dimension)

¡‘µ‘·ø√Á°∑—≈ ‡ªìπ·π«§«“¡§‘¥∑“ß§≥‘µ-

»“ µ√å∑’ËÕ“»—¬«‘∏’¢Õß°“√À“√‡»… à«π‡√¢“§≥‘µ

´÷Ëß≈—°…≥–‡©æ“–¢Õß Curve ª√–‡¿∑π’È°Á§◊Õ°“√

∑”ß“π∑’Ë‡ªìπ°“√‡«’¬π‡°‘¥ (Recursive) ¡‘µ‘

·ø√Á°∑—≈§”π«≥®“°®Ì“π«πÀπà«¬¢Õß¥â“π„π¡‘µ‘

π—ÈπÊ §Ÿ≥°—∫¢π“¥¢Õß ‡°≈∑’ËµâÕß°“√„™â«—¥¬°

°Ì“≈—ß¥â«¬¢π“¥¢Õß¡‘µ‘ ¥—ß ¡°“√∑’Ë (2-3) ·≈–

 “¡“√∂§”π«≥À“¡‘µ‘¢Õß Self- Similarity Fractals

¥â«¬ ¡°“√∑’Ë (2-4)

(2-3)

(2-4)

‡¡◊ËÕ n = ®Ì“π«π™‘Èπ¢Õß«—µ∂ÿ∑’ËπÌ“¡“ √â“ß

‡ªìπ√Ÿª·∫∫ s = ®Ì“π«π ‡°≈ ∑’ËπÌ“¡“„™â·∫àß

¢π“¥¢Õß«—µ∂ÿ‡¥‘¡

D = ¡‘µ‘¢Õß«—µ∂ÿ∑’Ë √â“ß‡ªìπ√Ÿª·∫∫„À¡à

‚¥¬§à“ D ∑’Ë‰¥â‡ªìπµ—«·∑π§à“¡‘µ‘·ø√Á°∑—≈

„π¿“æ ÷́Ëß®–¡’§à“‡∑à“°—π∑ÿ°§à“„π¿“æÀπ÷Ëß¿“æ ‰¡à

«à“§à“¢Õß n ·≈– s ®–‡ª≈’Ë¬π·ª≈ß‰ªÕ¬à“ß‰√

®÷ß„™â‡ªìπ§à“µ—«·∑π¿“æ‰¥â¥’

2.6 µ—«°√Õß§«“¡∂’Ë Ÿß-µË” (High-Low Pass

Filter)

‡§√◊ËÕß¡◊Õ„π°“√„™â °—¥§ÿ≥≈—°…≥–‡¥àπ‡æ◊ËÕ„Àâ

‰¥â§à“µ—«·∑π„π¡ÿ¡¢Õß≈«¥≈“¬∑’Ë π„® ¡’æ◊Èπ∞“π

¡“®“°µ—«°√Õß°“√å∫Õ ·≈– “¡“√∂„™â‰¥â¥’„π

°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ¢Õß≈“¬π‘È«¡◊Õ [9] ¥—ß∑’Ë

∑√“∫°—π¥’«à“µ—«°√Õß§«“¡∂’ËµË”®–∑”„Àâ¿“æ‡∫≈Õ

·≈–µ—«°√Õß§«“¡∂’Ë Ÿß®–∑”„Àâ¿“æ¢Õ∫§¡™—¥¢÷Èπ

 ¡°“√µ—«°√Õß§«“¡∂’Ë ŸßµË”·∫∫‡°“ å‡´’Ë¬π

 “¡“√∂‡¢’¬π‰¥â‡ªìπ

(2-5)

(2-6)

‚¥¬∑’Ë G (x, y) §◊Õ µ—«°√Õß§«“¡∂’Ë Ÿß-

µË” Õß¡‘µ‘ A, B, C §◊Õ§à“§ß∑’Ë„¥Ê A ≥ B,

σy1 > σy2 ·≈– m §◊Õ‡≈¢®”π«π§’Ë

2.7 º≈µà“ß —¡∫Ÿ√≥å (Absolute Distance)

°“√‡ª√’¬∫‡∑’¬∫§à“º≈µà“ß —¡∫Ÿ√≥å (Abso-

lute Distance)  “¡“√∂„™â„π°“√®—∫§Ÿà‚¥¬„™â§à“

º≈µà“ß¢Õß§à“§ÿ≥≈—°…≥–‡¥àπ∑’Ë °—¥ÕÕ°¡“‰¥â

√–À«à“ß¿“æªÑÕπ‡¢â“ (Du) ·≈–¿“æ∑’Ë¡’Õ¬Ÿà„π

∞“π¢âÕ¡Ÿ≈ (Dd) ‚¥¬‡ª√’¬∫‡∑’¬∫§à“·µà≈–

§ÿ≥≈—°…≥–‡¥àπ µ“¡®”π«π¢Õß§ÿ≥≈—°…≥–‡¥àπ

∑’Ë °—¥ÕÕ°¡“  “¡“√∂‡¢’¬π‡ªìπ

(2-7)

‚¥¬∑’Ë AD §◊Õ §à“°“√‡ª√’¬∫‡∑’¬∫§à“º≈µà“ß —¡∫Ÿ√≥å

N §◊Õ ®”π«π¢Õß§ÿ≥≈—°…≥–‡¥àπ∑’Ë °—¥ÕÕ°¡“

„π·µà≈–¿“æ Du §◊Õ §à“§ÿ≥≈—°…≥–‡¥àπ∑’Ë °—¥

ÕÕ°¡“¢Õß¿“æªÑÕπ‡¢â“ ·≈– Dd §◊Õ §à“

§ÿ≥≈—°…≥–‡¥àπ∑’Ë °—¥ÕÕ°¡“¢Õß¿“æ∑’Ë¡’Õ¬Ÿà„π∞“π

¢âÕ¡Ÿ≈

3. ¢—ÈπµÕπ°“√æ—≤π“√–∫∫

√–∫∫µ√«® Õ∫¡à“πµ“ª√–°Õ∫¥â«¬

3.1 ¢—ÈπµÕπ°“√‡µ√’¬¡¿“æ ®—¥À“∞“π

¢âÕ¡Ÿ≈√Ÿª¿“æ¥«ßµ“∑’Ë®–„™â ”À√—∫°“√∑¥≈Õß∑’Ë

‡ªìπ∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª ®“°∞“π¢âÕ¡Ÿ≈ CASIA [5]

3.2 ¢—ÈπµÕπ°“√µ√«®®—∫¢Õ∫¡à“πµ“ „™â
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°“√√–∫ÿµ”·Àπàß¡à“πµ“®“°¿“æ¥«ßµ“¢Õß [3]

µ√«®®—∫¡à“πµ“®“°¥«ßµ“æ√âÕ¡∑—Èßª√—∫√Ÿª·∫∫

¢Õß¡à“πµ“®“°«ß°≈¡°≈«ß „Àâ‡ªìπ√Ÿª ’Ë‡À≈’Ë¬¡

º◊πºâ“µ“¡¢π“¥∑’Ë°”Àπ¥ ́ ÷Ëß„πß“π«‘®—¬π’È°”Àπ¥

„Àâ¡’¢π“¥ 150 x 400 ®ÿ¥¿“æ ¥—ß· ¥ß„π¿“æ

1 (°)

3.3 ¢—ÈπµÕπ°“√ª√—∫ª√ÿß§«“¡™—¥‡®π¢Õß

¿“æ ∑”‚¥¬°“√π”¿“æÀ≈—ß°“√ª√—∫æ◊Èπ∑’Ë¡à“πµ“

¡“ª√—∫§«“¡™—¥‡®π ¥â«¬°“√ª√—∫§à“§«“¡‡¢â¡ ’

¢Õß®ÿ¥¿“æ¥â«¬«‘∏’°“√ Contrast-Limited Adap-

tive Histogram Equalization „πß“π«‘®—¬π’È

°”Àπ¥„Àâ„™â Clip Limit ¡’§à“‡∑à“°—∫ 0.01

¥—ß· ¥ß„π¿“æ 1 (¢)

3.4 ¢—ÈπµÕπ°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ‚¥¬„™â

¡‘µ‘·ø√Á°∑—≈·≈–µ—«°√Õß§«“¡∂’Ë Ÿß-µË”  “¡“√∂

· ¥ß¥—ß¿“æ∑’Ë 2

°”Àπ¥æ◊Èπ∑’Ë¢âÕ¡Ÿ≈∑’Ëª√—∫ª√ÿß§«“¡™—¥‡®π

·≈â« ¡’¢π“¥¿“æ 150 x 400 ®ÿ¥¿“æ √–∫ÿæ◊Èπ∑’Ë

„™â °—¥§ÿ≥≈—°…≥–‡¥àπ∑’≈–Àπ÷Ëß·∂«¢Õß¿“æ ‰¥â

¿“æ¢π“¥ 1 x 400 ®ÿ¥¿“æ ª√—∫√Ÿª·∫∫¢âÕ¡Ÿ≈

‡ªìπ‡¡µ√‘°´å¥â“π‡∑à“„Àâ¡’¢π“¥ 20 x 20 ®ÿ¥¿“æ

„πÀπ÷Ëß¿“æ®–¡’ “¡¡‘µ‘ ª√–°Õ∫¥â«¬ (x, y, z)

¡‘µ‘ (x, y) ·∑πµ”·Àπàß¢Õß®ÿ¥¿“æ„π·π«·°π

πÕπ (x) ·π«·°πµ—Èß (y) ·≈–¡‘µ‘ (z) ·∑π§à“

§«“¡‡¢â¡¢Õß· ß ’‡∑“ ¥—ßπ—Èπµ“√“ß¬àÕ¬®÷ß¡’¢π“¥

20 x 20 ®ÿ¥¿“æ „πÀπ÷Ëß¿“æ¡à“πµ“¡’ 150 ·∂«

¥—ßπ—Èπ®÷ß‰¥âµ“√“ß¬àÕ¬®”π«π 150 µ“√“ß„πÀπ÷Ëß

¿“æ¡à“πµ“ ∑”°“√§Õπ‚«≈Ÿ™—π¥â«¬‡§Õ√å‡π≈

(Kernel) µ—«°√Õß§«“¡∂’Ë Ÿß-µË”¢π“¥ 5 x 5 ®ÿ¥

¿“æ ®”π«π 4 ∑‘»∑“ß [9] À≈—ß°“√§Õπ‚«≈Ÿ™—π

¥â«¬‡§Õ√å‡π≈ ®–‰¥â¿“æÀ≈—ß°“√§Õπ‚«≈Ÿ™—π®”π«π

4 ¿“æ ¢π“¥ 24 x 24 ®ÿ¥¿“æ „π·µà≈–¿“æ

π”¡“µ—¥·∫àß‡ªìπµ“√“ß¬àÕ¬„À≠à ’Ëµ“√“ß¬àÕ¬„À≠à

‰¥âµ“√“ß¬àÕ¬„À≠à¢π“¥ 12 x 12 ®ÿ¥¿“æ ®”π«π

4 µ“√“ß„πÀπ÷Ëß¿“æ¬àÕ¬·µà≈–∑‘»∑“ß ·≈–¡’

¿“æ∑’Ë 2  ¢—ÈπµÕπ°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ

®”π«π 16 µ“√“ß¬àÕ¬„À≠à„π ’Ë∑‘»∑“ß

‚¥¬∑’Ë Aa1, Aa2, Aa3, Aa4 ·∑πµ“√“ß

¬àÕ¬„À≠à„π¿“æ¬àÕ¬·µà≈–∑‘»∑“ß∑’Ë w, x, y, z

·∫àßµ“√“ß¬àÕ¬‡≈Á°„π·µà≈–µ“√“ß¬àÕ¬„À≠à ®–

‰¥âµ“√“ß¬àÕ¬‡≈Á°¢π“¥ 6 x 6 ®ÿ¥¿“æ π”·µà≈–

µ“√“ß¬àÕ¬‡≈Á°À“§«“¡µà“ß¢Õß§à“§«“¡‡¢â¡ ’

¡“°∑’Ë ÿ¥ ·≈–§à“§«“¡‡¢â¡ ’πâÕ¬∑’Ë ÿ¥·≈â«∫«°

¥â«¬Àπ÷Ëß [8] °”Àπ¥„Àâ nr (i, j) §◊Õ §à“§«“¡

·µ°µà“ß§«“¡‡¢â¡ ’„πµ“√“ß¬àÕ¬‡≈Á°  l §◊Õ §à“

§«“¡‡¢â¡ ’¡“°∑’Ë ÿ¥„πµ“√“ß¬àÕ¬‡≈Á° ·≈– k §◊Õ

§à“§«“¡‡¢â¡ ’πâÕ¬∑’Ë ÿ¥„πµ“√“ß¬àÕ¬‡≈Á° ¥—ß¿“æ

∑’Ë 3

¿“æ∑’Ë 3  °“√À“§à“§«“¡‡¢â¡ ’„πµ“√“ß¬àÕ¬
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®“°π—Èππ”§à“§«“¡·µ°µà“ß§«“¡‡¢â¡ ’∑’Ë‰¥â

„π·µà≈–µ“√“ß¬àÕ¬‡≈Á°¡“√«¡°—π‡æ◊ËÕ„Àâ‰¥â§à“

√«¡§«“¡·µ°µà“ß§«“¡‡¢â¡ ’„π·µà≈–µ“√“ß¬àÕ¬

‡≈Á° ‚¥¬°”Àπ¥„Àâ Nr §◊Õ º≈√«¡§à“§«“¡

·µ°µà“ß§«“¡‡¢â¡ ’·µà≈–µ“√“ß¬àÕ¬‡≈Á° ·≈– nr
§◊Õ §à“§«“¡·µ°µà“ß¢Õß§«“¡‡¢â¡ ’·µà≈–µ“√“ß

¬àÕ¬‡≈Á° ‡¡◊ËÕ√«¡§à“§«“¡·µ°µà“ß§«“¡‡¢â¡ ’

·µà≈–µ“√“ß¬àÕ¬‡≈Á°¡“·∑π§à“µ—«·ª√ Nr ·≈–

°”Àπ¥„Àâ§à“µ—«·ª√ s ¡’§à“‡∑à“°—∫ 6/24 ‡ªìπ

 —¥ à«π¢π“¥¥â“π¢Õßµ“√“ß¬àÕ¬‡≈Á°µàÕ¢π“¥

¥â“π¢Õßµ“√“ß¬àÕ¬„À≠à„π ¡°“√¢Õß¡‘µ‘·ø√Á°-

∑—≈∫äÕ° ǻ‡§“πåµ‘Èß ¥—ß ¡°“√∑’Ë (2-4) º≈≈—æ∏å‰¥â

§à“µ—«·∑π§ÿ≥≈—°…≥–‡¥àπ„πµ“√“ß¬àÕ¬„À≠à

¥—ßπ—Èπ„πÀπ÷Ëß·∂«¿“æ¡à“πµ“ ®–‰¥â§à“µ—«·∑π

§ÿ≥≈—°…≥–‡¥àπ®”π«π ‘∫À°§à“ √«¡ ’Ë∑‘»∑“ß

®“°µ—«°√Õß§«“¡∂’Ë Ÿß-µË” ¥—ßπ—Èπ„πÀπ÷Ëß¿“æ

¡à“πµ“¢π“¥ 150 x 400 ®ÿ¥¿“æ ®–‰¥â§à“µ—«

·∑π§ÿ≥≈—°…≥–‡¥àπ∑—Èß ‘Èπ 2,400 §à“ ‡æ◊ËÕ∑’Ë®–

„™â√Ÿâ®”Õ—µ≈—°…≥å·µà≈–∫ÿ§§≈µàÕ‰ª

3.5 ¢—ÈπµÕπ°“√‡ª√’¬∫‡∑’¬∫§ÿ≥≈—°…≥–‡¥àπ

∑”‚¥¬°“√„™â§à“º≈µà“ß —¡∫Ÿ√≥å (Absolute Dis-

tance)

4. «‘∏’°“√∑¥≈Õß

°“√∑¥≈Õß§√—Èßπ’È„™â∞“π¢âÕ¡Ÿ≈¡“µ√∞“π

¿“æ¥«ßµ“∑’Ë‡ªìπ∑’Ë¬Õ¡√—∫‚¥¬∑—Ë«‰ª ®“°∞“π¢âÕ¡Ÿ≈

CASIA [5] ‚¥¬„™â¿“æ¥«ßµ“¢Õß∫ÿ§§≈∑—Èß ‘Èπ 353

§π ·µà≈–∫ÿ§§≈¡’∞“π¢âÕ¡Ÿ≈¥«ßµ“®”π«π 8 ¿“æ

¢—ÈπµÕπ°“√∑¥≈Õß‡ªìπ°“√‡ª√’¬∫‡∑’¬∫°“√„™â

§ÿ≥≈—°…≥–‡¥àπ¢Õß«‘∏’∑’Ëπ”‡ πÕ‚¥¬ [3] [8] ·≈–

«‘∏’∑’ËºŸâ«‘®—¬π”‡ πÕ ´÷Ëß “¡“√∂ √ÿª‰¥â‡ªìπ 3 «‘∏’

§◊Õ

1) „™âµ—«°√Õß°“√å∫ÕÀπ÷Ëß¡‘µ‘„π°“√ °—¥

§ÿ≥≈—°…≥–‡¥àπ ·≈–«‘∏’°“√·Œ¡¡‘Ëß ¥‘ ·∑π´å„π

°“√‡¢â“§Ÿà

2) „™â«‘∏’°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ®“°«‘∏’

°“√¡‘µ‘·ø√Á°∑—≈ ·≈–«‘∏’°“√‡ª√’¬∫‡∑’¬∫§à“º≈

µà“ß —¡∫Ÿ√≥å„π°“√‡¢â“§Ÿà

3) „™â«‘∏’°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ®“°«‘∏’

°“√¡‘µ‘·ø√Á°∑—≈ºà“πµ—«°√Õß§«“¡∂’Ë Ÿß-µË” ·≈–

«‘∏’°“√‡ª√’¬∫‡∑’¬∫§à“º≈µà“ß —¡∫Ÿ√≥å„π°“√‡¢â“§Ÿà

§à“√âÕ¬≈–°“√‡¢â“§Ÿà ‡ªìπ°“√‡ª√’¬∫‡∑’¬∫

√–À«à“ß§à“¢âÕ¡Ÿ≈§ÿ≥≈—°…≥–‡¥àπ¢Õß¿“æªÑÕπ

‡¢â“·≈–§à“¢âÕ¡Ÿ≈§ÿ≥≈—°…≥–‡¥àπ¢Õß¿“æ„π∞“π

¢âÕ¡Ÿ≈ ‚¥¬„Àâ§à“ Tolerance Threshold ´÷Ëß¡“

®“°°“√∑¥≈Õß ‡æ◊ËÕ„Àâ‰¥â§à“∑’Ë¡’ª√– ‘∑∏‘¿“æ Ÿß

∑’Ë ÿ¥„π°“√‡¢â“§Ÿà‚¥¬¥Ÿ®“°§à“‡ªÕ√å‡´Áπµå°“√‡¢â“§Ÿà

¡“°∑’Ë ÿ¥ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ´÷Ëß§à“∑’Ë‰¥â‡∑à“°—∫

0.0450 °“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√√Ÿâ®”

¡à“πµ“ “¡“√∂· ¥ß¥—ßµ“√“ß∑’Ë 2

µ“√“ß∑’Ë 1 °“√‡ª√’¬∫‡∑’¬∫ª√– ‘∑∏‘¿“æ°“√√Ÿâ

®”°√≥’°“√ª√—∫§à“ Tolerance

Threshold „π°“√‡¢â“§Ÿà

§à“ Tolerance Threshold §à“√âÕ¬≈–°“√‡¢â“§Ÿà

0.0150 89.52

0.0250 89.52

0.0350 89.52

0.0450 89.80

0.0500 89.52

µ“√“ß∑’Ë 2  ª√– ‘∑∏‘¿“æ°“√√Ÿâ®”¡à“πµ“

«‘∏’°“√
‡«≈“∑’Ë„™â

√âÕ¬≈–°“√‡¢â“§Ÿà
(«‘π“∑’)

1 9,259.68 99.71

2 622.72 38.24

3 954.34 91.22
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5. °“√«‘‡§√“–Àå·≈– √ÿªº≈

®“°º≈°“√∑¥≈Õß®–‡ÀÁπ‰¥â«à“«‘∏’°“√µ—«

°√Õß°“√å∫ÕÀπ÷Ëß¡‘µ‘„π°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ

·≈–«‘∏’°“√·Œ¡¡‘Ëß¥‘ ·∑π´å„π°“√‡¢â“§Ÿà‚¥¬ Masek

[3] «‘∏’∑’Ë 1 ¡’§à“§ÿ≥≈—°…≥–‡¥àπ¡“°®”π«π 9,600

∫‘µ ¥—ß√“¬≈–‡Õ’¬¥„πÀ—«¢âÕ 2.3.4.3 „Àâº≈¥’„π

°“√‡¢â“§Ÿà ‚¥¬®–‡ÀÁπ‰¥â®“°§à“‡ªÕ√å‡´Áπµå°“√‡¢â“

§Ÿà∑’Ë√âÕ¬≈– 99.71 ·µà„™â‡«≈“¡“°∑’Ë ÿ¥∂÷ß 9,259.68

«‘π“∑’ ®“°°“√∑¥≈Õß„π∞“π¢âÕ¡Ÿ≈¿“æ¡à“πµ“

®”π«π 353 ¿“æ §‘¥‡ªìπ 26.23 «‘π“∑’µàÕÀπ÷Ëß

¿“æ¡à“πµ“ ÷́Ëß„π°“√∑”ß“π®√‘ßÀ“°µâÕß ◊∫§âπ

∞“π¢âÕ¡Ÿ≈¿“æ¡à“πµ“¢π“¥„À≠à¡“°°«à“π’È ‡«≈“

∑’Ë„™â‡¢â“§ŸàµàÕ¿“æ¡à“πµ“®–¡“°¢÷Èπ ´÷Ëßæ∫«à“‡ªìπ

ªí≠À“¢Õß«‘∏’°“√π’È

ß“π«‘®—¬π’È®÷ß‰¥âπ”‡ πÕ«‘∏’°“√‡æ◊ËÕ≈¥®”π«π

§ÿ≥≈—°…≥–‡¥àπ ‚¥¬≈¥¢π“¥¢Õß∞“π¢âÕ¡Ÿ≈‡æ◊ËÕ

≈¥‡«≈“„π°“√ª√–¡«≈º≈·≈–æ¬“¬“¡√—°…“

√–¥—∫§«“¡∂Ÿ°µâÕß‰«â ∫∑§«“¡π’È‰¥â· ¥ß«‘∏’°“√

·°âªí≠À“ ¥â«¬°“√≈¥®”π«π§ÿ≥≈—°…≥–‡¥àπ

¥â«¬°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ‚¥¬„™â«‘∏’¡‘µ‘·ø√Á°∑—≈

´÷Ëß¡’§ÿ≥ ¡∫—µ‘‰¡à·ª√º—πµàÕ°“√À¡ÿπ‰¡à«à“¿“æ®–

À¡ÿπ„π∑‘»∑“ß„¥ ·≈–°“√¬àÕ à«π¿“æ‰¡à«à“®–

¬àÕÀ√◊Õ¢¬“¬¿“æ„π¢π“¥‡∑à“„¥ §à“∑’Ë‰¥â®“°¡‘µ‘

·ø√Á°∑—≈®–‡ªìπ¥—ß‡¥‘¡ ·≈–‡√‘Ë¡¡’°“√π”¡‘µ‘

·ø√Á°∑—≈¡“„™â„π√–¥—∫À¬“∫„π°“√·∫àß°≈ÿà¡¿“æ

¡à“πµ“ [6] ®÷ß§‘¥«à“¡‘µ‘·ø√Á°∑—≈πà“®– “¡“√∂

„™âß“π„π√–¥—∫≈–‡Õ’¬¥‰¥â ‚¥¬µâÕß„™â‡§√◊ËÕß¡◊Õ∑’Ë

¡’§ÿ≥¿“æ„π°“√ °—¥§ÿ≥≈—°…≥–‡¥àπ ®÷ß‰¥â‡≈◊Õ°

µ—«°√Õß§«“¡∂’Ë Ÿß-µË” ´÷Ëß‡ªìπ«‘∏’°“√∑’Ë‡§¬„™â °—¥

§ÿ≥≈—°…≥–‡¥àπ‰¥âº≈¥’„π≈“¬π‘È«¡◊Õ¡“·≈â« [18]

¡“„™â√à«¡°—∫¡‘µ‘·ø√Á°∑—≈∫äÕ°´å‡§“πåµ‘Èß„π«‘∏’∑’Ë 3

∑’Ë‰¥â§à“§ÿ≥≈—°…≥–‡¥àπ®”π«π 2,400 ∫‘µ ´÷Ëß

πâÕ¬°«à“«‘∏’∑’Ë 1 ∂÷ß ’Ë‡∑à“ º≈ª√“°Ø«à“®”π«π

§ÿ≥≈—°…≥–‡¥àπ∑’ËπâÕ¬¬—ß “¡“√∂‡ªìπµ—«·∑π¿“æ

∑’Ë¥’‰¥â ®“°§à“‡ªÕ√å‡´Áπµå°“√‡¢â“§Ÿà√âÕ¬≈– 91.22

·µà„™â‡«≈“„π°“√ª√–¡«≈º≈πâÕ¬°«à“«‘∏’∑’Ë 1 ∂÷ß

‡°â“‡∑à“ §‘¥‡ªìπ 2.70 «‘π“∑’µàÕÀπ÷Ëß¿“æ¡à“πµ“

«‘∏’°“√¡‘µ‘·ø√Á°∑—≈„π«‘∏’∑’Ë 2 „™â‡«≈“πâÕ¬∑’Ë ÿ¥ §◊Õ

622 «‘π“∑’ §‘¥‡ªìπ 1.76 «‘π“∑’µàÕÀπ÷Ëß¿“æ¡à“πµ“

·µà§à“‡ªÕ√å‡´Áπµå°“√‡¢â“§ŸàµË”∑’Ë ÿ¥ §◊Õ √âÕ¬≈– 38.24
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