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°“√μ√«®®—∫„∫Àπâ“¥â«¬‡™æ§Õπ‡∑Á°´å
Face detection by shape context

 ”√«π ‡«’¬ß ¡ÿ∑√ (Samruan Wiangsamut)

∫∑§—¥¬àÕ

°“√√–∫ÿ∫ÿ§§≈¥â«¬°“√√Ÿâ®”„∫Àπâ“‡ªìπß“π«‘®—¬∑’Ë¡’§«“¡∑â“∑“¬¡“°„πªí®®ÿ∫—π ª√– ‘∑∏‘¿“æ¢Õß°“√μ√«®

®—∫„∫Àπâ“®–¡’º≈μàÕª√– ‘∑∏‘¿“æ¢Õß°“√√Ÿâ®”„∫Àπâ“μ“¡‰ª¥â«¬ °≈à“«§◊Õ°“√μ√«®®—∫„∫Àπâ“∑’Ë¡’ª√– ‘∑∏‘¿“æ®–

 àßº≈„Àâ‚Õ°“ °“√√Ÿâ®”„∫Àπâ“¡’ª√– ‘∑∏‘¿“æμ“¡‰ª¥â«¬  ¥—ßπ—Èπ„πß“π«‘®—¬π’È‰¥âπ”‡ πÕ·π«§‘¥„π°“√μ√«®®—∫„∫Àπâ“

∫π¿“æ ’∑’Ë¡’æ◊ÈπÀ≈—ß‰¡à§ß∑’Ë‡æ◊ËÕ¡ÿàß‡πâπ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√μ√«®®—∫„∫Àπâ“ ¥â«¬°“√ª√–¬ÿ°μå„™âÀ≈—°°“√μ√«®

®—∫ ’º‘«¡πÿ…¬å√à«¡°—∫°“√«‘‡§√“–ÀåÕß§åª√–°Õ∫¢Õß®ÿ¥¿“æ¥â«¬‡™æ§Õπ‡∑Á°´å ‚¥¬ß“π«‘®—¬∑’Ëπ”‡ πÕ¡’¢—ÈπμÕπ§◊Õ

1) μ√«®®—∫ ’º‘«®“°¿“æ‚À¡¥ ’¡“μ√∞“π HSV ·≈– YCbCr ‡æ◊ËÕÀ“¢Õ∫‡¢μ ’º‘«¡πÿ…¬å 2) ∑”°“√À“‡ âπ¢Õ∫¢Õß

¿“æ¢Õß¢Õ∫‡¢μ ’º‘«¡πÿ…¬å∑’Ë‰¥â®“°¢—ÈπμÕπ∑’Ë 1 3) ª√–‡¡‘π‡ âπ¢Õ∫√–À«à“ß¢Õ∫‡¢μ ’º‘«·≈–„∫Àπâ“μâπ·∫∫ ¥â«¬

‡™æ§Õπ‡∑Á°´å ‡æ◊ËÕ¬◊π¬—π„∫Àπâ“ „π°“√«‘®—¬‰¥â∑¥≈Õß°—∫¿“æ ’∑—ÈßÀ¡¥ 82 ¿“æ ®“°º≈°“√«‘®—¬æ∫«à“

ª√– ‘∑∏‘¿“æ¢Õß°“√μ√«®®—∫„∫Àπâ“„πß“π«‘®—¬π’ÈÕ¬Ÿà„π√–¥—∫∑’Ë¥’ §◊Õ¡’ª√– ‘∑∏‘¿“æ§«“¡∂Ÿ°μâÕß‡©≈’Ë¬‡∑à“°—∫ 0.85

Abstract

At present, human identification using face recognition is a challenge topic. The efficiency of face

detection will have influence on the performance result of face recognition. This research presents the face

detection from varying background images. In this paper, we applied skin detection combined with a shape

context in order to improve the performance of face detection. We proposed technique includes 1) to detect skin

colors from HSV and YCbCr standard color models to get a skin region,  2) the skin region in step 1, we detect

of region 3) to confirm the detected face through assessing between the edge of region and face template using

a shape context. In this research, we experimented on 82 color images. The experimental results show that the

research has high performance, with an average accuracy rate of 0.85.

§” ”§—≠: °“√μ√«®®—∫„∫Àπâ“, ‡™æ§Õπ‡∑Á°´å, °“√μ√«®®—∫ ’º‘«

Keywords: Face detection, Shape context, Skin detection
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∫∑π”

„π ¿“«–ªí®®ÿ∫—π°“√æ‘ Ÿ®πå·≈–√–∫ÿ∫ÿ§§≈

¡’§«“¡ ”§—≠·≈–‡°’Ë¬«¢âÕß°—∫À≈“°À≈“¬ “¢“ ‡™àπ

°“√·æ∑¬å Õ“™≠“°√√¡ ·≈–§«“¡¡—Ëπ§ß¢Õßª√–‡∑»

‡ªìπμâπ „πÕ¥’μ∂÷ßªí®®ÿ∫—π°“√æ‘ Ÿ®πå‡æ◊ËÕ√–∫ÿ∫ÿ§§≈

„™â°“√μ√«® Õ∫ ≈“¬‡ Á́πμå μ”·Àπàß√Õ¬·º≈‡ªìπ

μ“¡√à“ß°“¬ ‡ªìπμâπ ´÷Ëß‡ªìπ«‘∏’∑’Ëßà“¬·≈– –¥«° ·μà°Á

¡’§«“¡º‘¥æ≈“¥§àÕπ¢â“ß Ÿß ‡æ√“–¢âÕ¡Ÿ≈¥—ß°≈à“«

 “¡“√∂≈Õ°‡≈’¬π·∫∫‰¥âßà“¬ ‰¡à¡’§«“¡§ß ¿“æ ·≈–

¡’§«“¡‡ªìπ‡Õ°≈—°…≥å¢Õß∫ÿ§§≈μË”

ªí®®ÿ∫—π¡’°“√√–∫ÿ∫ÿ§§≈¥â«¬¢âÕ¡Ÿ≈™’«¡“μ√

(Biometrics) °—π·æ√àÀ≈“¬ ‡æ√“–¡’§«“¡∂Ÿ°μâÕß

·¡àπ¬”·≈–¡’§«“¡πà“‡™◊ËÕ∂◊Õ¡“° (Jain et al., 2000; Li

et al., 2003; Afsar 2004; Maiorana, et al., 2008)

‡π◊ËÕß®“°¢âÕ¡Ÿ≈™’«¡“μ√≈Õ°‡≈’¬π·∫∫‰¥â¬“° ¡’§«“¡

§ß ¿“æ·≈–¡’§«“¡‡ªìπ‡Õ°≈—°…≥å¢Õß∫ÿ§§≈ Ÿß

°“√√–∫ÿ∫ÿ§§≈¥â«¬„∫Àπâ“‡ªìπ«‘∏’°“√Àπ÷Ëß

„πÀ≈“¬Ê «‘∏’¢Õß°“√√–∫ÿ∫ÿ§§≈¥â«¬¢âÕ¡Ÿ≈™’«¡“μ√

´÷Ëß„™â°“√ª√–¡«≈º≈¿“æ (Image Processing) ¥â«¬

À≈—°°“√√Ÿâ®”„∫Àπâ“ (Face Recognition) ‚¥¬¡’°“√

«‘‡§√“–Àå·≈–‡ª√’¬∫‡∑’¬∫≈—°…≥–‡§â“‚§√ß„∫Àπâ“¢Õß

¡πÿ…¬å¥â«¬À≈—°°“√μà“ßÊ ‡™àπ °“√‡ª√’¬∫‡∑’¬∫¥â«¬

°“√„™â≈—°…≥–¢âÕ¡Ÿ≈‡©æ“–¢Õß„∫Àπâ“ (local facial

regions) (Ekenel et al., 2007) °“√‡ª√’¬∫‡∑’¬∫¥â«¬

„∫Àπâ“‰Õ‡°π (Eigenfaces)(Turk and Pentland 1991;

Zhujie and Yu 1994; Thomaz et al., 1998) ·≈–

°“√‡ª√’¬∫‡∑’¬∫¥â«¬°“√√«¡≈—°…≥–„∫Àπâ“ “¡¡‘μ‘

(Integrated 3D Face-Expression) (Chao and Barreto

2006) ‡ªìπμâπ

°“√√Ÿâ®”„∫Àπâ“·μà≈–«‘∏’¡’¢—ÈπμÕπ·≈–À≈—°

°“√∑’Ë·μ°μà“ß°—π ·μà¡’¢—ÈπμÕπÀ≈—°Ê ∑’Ë‡À¡◊Õπ°—πÕ¬Ÿà

3 ≈”¥—∫¢—ÈπμÕπ §◊Õ °“√μ√«®®—∫„∫Àπâ“ °“√ °—¥

§ÿ≥≈—°…≥–‡¥àπ ·≈–°“√√–∫ÿ∫ÿ§§≈ μ“¡≈”¥—∫ ¥—ßπ—Èπ

∫∑§«“¡«‘®—¬π’È®÷ßπ”‡ πÕ¢—ÈπμÕπ∑’Ë ”§—≠Õ—π¥—∫·√°

¢Õß°“√√Ÿâ®”„∫Àπâ“π—Ëπ§◊Õ°“√§âπÀ“„∫Àπâ“ ‚¥¬„™â

À≈—°°“√‡™æ§Õπ‡∑Á°´å (Shape context)

«‘∏’°“√∑¥≈Õß

®“°°“√»÷°…“∑ƒ…Æ’·≈–ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß

„π°“√μ√«®®—∫„∫Àπâ“æ∫«à“°“√μ√«®®—∫„∫Àπâ“

¡πÿ…¬å¥â«¬°“√μ√«®®—∫¢Õ∫‡¢μ ’º‘« (Ming-Hsuan, et

al., 2002; Kovac et al., 2003; Wen-Hsiang and Chang-

Tsun, 2006) ‡ªìπ°“√§âπÀ“„∫Àπâ“∑’Ë¡’ª√– ‘∑∏‘¿“æ

‡æ√“–μ√«® Õ∫‡©æ“– à«π¢Õß ’º‘«‡∑à“π—Èπ ®÷ß∑”„Àâ

°“√μ√«®®—∫„∫Àπâ“¡’§«“¡√«¥‡√Á«¡“°  ·≈–„πß“π«‘®—¬

(Singh and Hazarika 2007; Fenglei et al., 2008;

Nguyen et al., 2008) æ∫«à“‡™æ§Õπ‡∑Á°´å‡ªìπ

À≈—°°“√∑’Ë¡’ª√– ‘∑∏‘¿“æ„π°“√‡ª√’¬∫‡∑’¬∫√Ÿª√à“ß ·¡â

¢π“¥·≈–¡ÿ¡¢Õß°“√À¡ÿπ·μ°μà“ß°—π ¥—ßπ—Èπ„πß“π

«‘®—¬π’È®÷ß„™âÀ≈—°°“√μ√«®®—∫ ’º‘«√à«¡°—∫°“√‡ª√’¬∫

‡∑’¬∫√Ÿª√à“ß¥â«¬‡™æ§Õπ‡∑Á°´å ‚¥¬¡’¢—ÈπμÕπ¥—ß√Ÿª∑’Ë 1

·≈–¡’√“¬≈–‡Õ’¬¥¥—ßμàÕ‰ªπ’È

√Ÿª∑’Ë 1. ¢—ÈπμÕπ°“√μ√«®®—∫„∫Àπâ“„πß“π«‘®—¬∑’Ëπ”‡ πÕ
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1. °“√·ª≈ß¿“æ ’ RGB ‡ªìπ YCbCr ·≈–

HSV

¢—ÈπμÕππ’È‡ªìπ°“√∑”„Àâ¿“æ¡’§«“¡‡À¡“– ¡

‡æ◊ËÕª√–¡«≈º≈„π¢—ÈπμÕπμàÕ‰ª ®÷ß„™â°“√·ª≈ß

¿“æ‚À¡¥ ’®“° RGB ‡ªìπ YCbCr ·≈– HSV ‚¥¬

„™â ¡°“√ (1) (Chai and Bouzerdoum, 2000) ·≈–

 ¡°“√ (2) (Vezhnevets et al., 2003) μ“¡≈”¥—∫ ·≈–

º≈≈—æ∏å· ¥ß¥—ß√Ÿª∑’Ë 2

       (°)        (¢) (§)

(°) ¿“æ„π‚À¡¥ ’ RGB    (¢) ¿“æ„π‚À¡¥ ’ YCbCr    (§) ¿“æ„π‚À¡¥ ’ HSV

√Ÿª∑’Ë  2. º≈°“√·ª≈ß¿“æ ’ RGB ‡ªìπ YCbCr ·≈– HSV

2. °“√√–∫ÿ¢Õ∫‡¢μ ’º‘« (Boundary skin

verification)

°“√√–∫ÿ¢Õ∫‡¢μ ’º‘« “¡“√∂∑”‰¥â°—∫¿“æ

‚À¡¥ ’ RGB (Kovac et al., 2003) ·≈–‚À¡¥ ’ YCbCr

(Chai and Bouzerdoum 2000; Son Lam et al., 2002;

Singh et al., 2003; Phung et al., 2005)  ®“°º≈°“√

«‘®—¬ (Singh et al., 2003) æ∫«à“°“√μ√«®®—∫ ’º‘«¥â«¬

‚À¡¥ ’ YCbCr ·≈– HSV (À√◊Õ HSI) ¡’§«“¡º‘¥

æ≈“¥πâÕ¬°«à“‚À¡¥ ’·∫∫ RGB §◊Õ √âÕ¬≈– 12.82

·≈– 14.55 μ“¡≈”¥—∫ ·μà‚À¡¥ ’ RGB ¡’§«“¡º‘¥

æ≈“¥√âÕ¬≈– 25.45 ¥—ßπ—Èπ„π∫∑§«“¡«‘®—¬π’È®÷ß„™â°“√

√–∫ÿ¢Õ∫‡¢μ ’º‘«¥â«¬‚À¡¥ ’ YCbCr ·≈– HSV ¥—ß

· ¥ß„π ¡°“√ (3) ·≈–º≈≈—æ∏å∑’Ë‰¥â · ¥ß¥—ß√Ÿª∑’Ë 3

If      Cb
min 

< Cb
YCbCr(x,y)

 > Cb
max

and  Cr
min

 < Cr
YCbCr(x,y)

 > Cr
max

and H
min

 < H
HSV(x,y)

 > H
max

then  Im
new(x,y)

 = 1    (3)

else   Im
new(x,y)

 = 0
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‡¡◊ËÕ

Cb
min 

= 140, Cb
min

= 195, Cr
min

= 140,

Cr
max 

= 165, H
min 

= 0.01, H
max 

= 0.1

Cb
YCbCr(x,y) 

§◊Õ §à“ ’ Cb ·≈– Cr
YCbCr(x,y) 

§◊Õ §à“ ’ Cr

¢Õß¿“æ ’∑’Ëπ”¡“μ√«® Õ∫ ’º‘«„π‚À¡¥ YCbCr ≥

®ÿ¥¿“æ x,y

H
HSV(x,y) 

§◊Õ §à“ ’ Hue ¢Õß¿“æ ’∑’Ëμ√«® Õ∫ ’º‘«„π

‚À¡¥ HSV ≥ ®ÿ¥¿“æ x,y

Im
new(x,y) 

§◊Õ ¿“æº≈≈—æ∏å∑’Ë‰¥â®“°°“√μ—¥ ‘π„® ’º‘« ≥

®ÿ¥¿“æ x,y

    (°)        (¢)  (§)

(°) ¿“æ„π‚À¡¥ ’ YCbCr (¢) ¿“æ„π‚À¡¥ ’ HSV (§) º≈°“√·¬°¢Õ∫‡¢μ à«π¢Õß ’º‘«

√Ÿª∑’Ë  3. º≈°“√√–∫ÿ¢Õ∫‡¢μ ’º‘«

3. °“√¬◊π¬—π„∫Àπâ“ (Face verification)

°“√¬—π„∫Àπâ“‡ªìπ¢—ÈπμÕπ¢Õß°“√μ√«®

 Õ∫¢Õ∫‡¢μ ’º‘«‡æ◊ËÕ¬◊π¬—π«à“æ◊Èπ∑’Ë¥—ß°≈à“«‡ªìπ à«π

∑’Ë‡ªìπ„∫Àπâ“À√◊Õ‰¡à ´÷Ëß„π°“√μ√«® Õ∫‡æ◊ËÕ¬◊π¬—π

„∫Àπâ“„π∫∑§«“¡«‘®—¬∑’Ëπ”‡ πÕ„™â°“√‡ª√’¬∫‡∑’¬∫

§«“¡„°≈â‡§’¬ß¢Õß√Ÿª√à“ß¥â«¬À≈—°°“√‡™æ§Õπ‡∑Á° ǻ

‚¥¬°“√¬◊π¬—π„∫Àπâ“¡’¢—ÈπμÕπ¥—ßμàÕ‰ªπ’È

3.1 °“√ª√—∫¢Õ∫‡¢μ ’º‘«„Àâ√“∫‡√’¬∫

¢—ÈπμÕπ°“√ª√—∫¢Õ∫‡¢μ ’º‘«„Àâ√“∫‡√’¬∫

‡ªìπ°√–∫«π°“√‡™◊ËÕ¡μàÕ¢Õ∫‡¢μ ’º‘«·≈–¢®—¥

¢Õ∫‡¢μ∑’Ë§“¥«à“‰¡à„™à ’º‘« ‚¥¬„π∫∑§«“¡«‘®—¬∑’Ëπ”

‡ πÕ„™âÀ≈—°°“√ Morphological (Serra, 1982) ∑—Èß

Erosion ·≈– Dilation ·≈â«π”º≈≈—æ∏å∑’Ë‰¥â¡“æ‘®“√≥“

¥—ß ¡°“√ (4) ‚¥¬º≈≈—æ∏å∑’Ë‰¥â· ¥ß¥—ß√Ÿª∑’Ë 4

if  Im
erosion(x,y)

 ==1|| Im
dilationn(x,y)

 =1

then  Im
new(x,y)

 = 1

else   Im
new(x,y)

 = 0

‚¥¬

Im
erosion(x,y) 

§◊Õ ¿“æ∑’Ë‰¥â®“°°“√∑” Erosion ∑’Ë®ÿ¥¿“æ

x,y

Im
dilationn(x,y) 

§◊Õ ¿“æ∑’Ë‰¥â®“°°“√∑” Dilation ∑’Ë®ÿ¥¿“æ

x,y

Im
new(x,y)  

§◊Õ ¿“æº≈≈—æ∏å ∑’Ë®ÿ¥¿“æ x,y

(°) (¢)

(§) (ß)

(°) ¢Õ∫‡¢μ ’º‘«

(¢) º≈°“√∑” Dilation

(§) º≈°“√∑” Erosion

(ß) º≈°“√æ‘®“√≥“®“° Dilation ·≈– Erosion

√Ÿª∑’Ë  4.  º≈°“√ª√—∫¢Õ∫‡¢μ ’º‘«„Àâ‡√’¬∫
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3.2 °“√‡ª√’¬∫‡∑’¬∫§«“¡§≈â“¬§≈÷ß

¢Õ∫‡¢μ ‘º‘«°—∫„∫Àπâ“μâπ·∫∫

°“√‡ª√’¬∫‡∑’¬∫§«“¡§≈â“¬§≈÷ß¢Õ∫‡¢μ ’

º‘«°—∫„∫Àπâ“μâπ·∫∫‡ªìπ°“√ª√–‡¡‘π‡æ◊ËÕ√–∫ÿ„∫Àπâ“ ‚¥¬

‡ª√’¬∫‡∑’¬∫√–À«à“ß„∫Àπâ“μâπ·∫∫·≈–¢Õ∫‡¢μ ’º‘«

·μà≈–¢Õ∫‡¢μ¥â«¬‡™æ §Õπ‡∑Á° ǻ ‡æ◊ËÕμ—¥ ‘π„®·≈–√–∫ÿ

«à“¢Õ∫‡¢μ ’º‘«„¥‡ªìπ„∫Àπâ“ ‚¥¬„∫Àπâ“μâπ·∫∫„π

ß“π«‘®—¬∑’Ëπ”‡ πÕ¡’√“¬≈–‡Õ’¬¥‡§â“‚§√ß¢ÕßÕß§å

ª√–°Õ∫¥—ßπ’È §◊Õ μ“ ®¡Ÿ° ·≈–ª“° · ¥ß¥—ß√Ÿª∑’Ë 5

√Ÿª∑’Ë  5. ¿“æ„∫Àπâ“μâπ·∫∫

°“√‡ª√’¬∫‡∑’¬∫§«“¡§≈â“¬§≈÷ß¢Õ∫‡¢μ ’º‘«

°—∫„∫Àπâ“μâπ·∫∫¡’¢—ÈπμÕπ¥—ßμàÕ‰ªπ’È

3.2.1 °“√À“‡ âπ¢Õ∫ (Edge detection)

°“√À“‡ âπ¢Õ∫¢Õß·μà≈–¢Õ∫‡¢μ ’

º‘«·≈–„∫Àπâ“μâπ·∫∫„™âÀ≈—°°“√ Canny (1986) ‡æ◊ËÕ

π”‡ âπ¢Õ∫∑’Ë‰¥â‰ª∑”°√–∫«π°“√ ÿà¡®ÿ¥¿“æ¢Õß‡ âπ

¢Õ∫‡æ◊ËÕ™à«¬≈¥‡«≈“„π°“√§”π«≥ ‚¥¬„π∫∑§«“¡

«‘®—¬∑’Ëπ”‡ πÕ„™â°“√ ÿà¡®ÿ¥¿“æ¢Õß‡ âπ¢Õ∫¢Õß

¢Õ∫‡¢μ ’º‘«¡“§√÷ËßÀπ÷Ëß¢Õß®ÿ¥¿“æ∑—ÈßÀ¡¥ ·≈– ÿà¡

®ÿ¥‡ âπ¢Õ∫¢Õß„∫Àπâ“μâπ·∫∫¡“®”π«π 100 ®ÿ¥ ‡æ◊ËÕ

‡ª√’¬∫‡∑’¬∫§«“¡§≈â“¬§≈÷ß¥â«¬ ‡™æ§Õπ‡∑Á°´åμàÕ‰ª

¥—ß· ¥ß„π√Ÿª∑’Ë 6

(°) „∫Àπâ“μâπ·∫∫ (¢) ‡ âπ¢Õ∫„∫Àπâ“μâπ·∫∫ (§) °“√ ÿà¡‡ âπ¢Õ∫„∫Àπâ“μâπ·∫∫

(ß) ¢Õ∫‡¢μ ’º‘«  (®) ‡ âπ¢Õ∫¢Õß¢Õ∫‡¢μ ’º‘« (©) °“√ ÿà¡®ÿ¥¿“æ¢Õß‡ âπ¢Õ∫¢Õ∫‡¢μ ’º‘«

√Ÿª∑’Ë 6. º≈°“√À“‡ âπ¢Õ∫·≈– ÿà¡®ÿ¥¿“æ

3.2.2°“√∑” log polar

°“√∑” log polar ‡ªìπ¢—ÈπμÕπ°“√

‡μ√’¬¡¢âÕ¡Ÿ≈‡æ◊ËÕ∑”°“√‡ª√’¬∫‡∑’¬∫§«“¡§≈â“¬§≈÷ß

¥â«¬‡™æ§Õπ‡∑Á° ǻ ‚¥¬ √â“ßμâπ·∫∫ (Template) ‡æ◊ËÕ

§√Õ∫®ÿ¥¿“æ∑’Ë‰¥â®“°°“√ ÿà¡®ÿ¥¢Õß„∫Àπâ“μâπ·∫∫

·≈–¢Õ∫‡¢μ ’º‘«„π∑ÿ°Ê ®ÿ¥‚¥¬μâπ·∫∫¡’≈—°…≥–

‡ªìπ™àÕß¿“¬„π«ß°≈¡´÷Ëß¡’∑—ÈßÀ¡¥ 5 «ß ¡’√–¬–∑“ß

log r  (Belongie et al., 2002) ·μà≈–«ß·∫àßÕÕ°‡ªìπ

12  à«πÊ ≈– 30 Õß»“ ¥—ß· ¥ß„π√Ÿª∑’Ë 7

√Ÿª∑’Ë  7. °“√ √â“ß log polar
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°“√∑” log polar ®“°√Ÿª∑’Ë 7 ‡ªìπ°“√∑”

Œ‘ ‚∑·°√¡(°“√π—∫®”π«π®ÿ¥¿“æ∑’ËÕ¬Ÿà„π·μà≈–™àÕß) ¢Õß

log polar ´÷Ëß¡’∑—ÈßÀ¡¥ 60 ™àÕß (5 «ß x 12  à«π) ´÷Ëß

®–‰¥â¢âÕ¡Ÿ≈¢Õß·μà≈–®ÿ¥ ‚¥¬«ß∑’Ë 1 π—∫®“°«ß°≈¡

„π ÿ¥ÕÕ°¡“¢â“ßπÕ° ·≈–™àÕß∑’Ë 1 ‡√‘Ë¡®“°Õß»“∑’Ë 0

‰ª¬—ßÕß»“∑’Ë 360 (À¡ÿπμ“¡‡¢Á¡π“Ãî°“) ®“°¿“æ®–

‰¥â¢âÕ¡Ÿ≈¢Õß®ÿ¥¿“æ x ¥—ß√Ÿª∑’Ë 8

√Ÿª∑’Ë  8. μ—«Õ¬à“ß°“√∑” log polar

3.2.3 °“√ª√–‡¡‘π§«“¡§≈â“¬§≈÷ß

¢Õß®ÿ¥¿“æ

„π∫∑§«“¡«‘®—¬π’È„™â°“√ª√–‡¡‘π

§«“¡§≈â“¬§≈÷ß¢Õß®ÿ¥¿“æ¥â«¬‡™æ§Õπ‡∑Á°´å ‚¥¬∂â“

°”Àπ¥„Àâ p
i
 ‡ªìπ‡ Á́μ¢Õß®ÿ¥∑’ËÕ¬Ÿà∫π√Ÿª√à“ß∑’ËÀπ÷Ëß´÷Ëß

‡ªìπ®ÿ¥¿“æ∑’Ë ÿà¡®“°‡ âπ¢Õ∫¢Õß„∫Àπâ“μâπ·∫∫ ·≈–

q
j  
‡ªìπ‡ Á́μ¢Õß®ÿ¥∑’ËÕ¬Ÿà∫π√Ÿª√à“ß∑’Ë Õß ÷́Ëß‡ªìπ®ÿ¥¿“æ∑’Ë

 ÿà¡®“°¢Õ∫‡¢μ ’º‘« ·≈–„Àâ c
ij 
= c(p

i
,q

j
) ·∑π¥â«¬

√–¬–Àà“ß¢Õß Õß®ÿ¥∑’Ë‰¥â®“°°“√‡ª√’¬∫‡∑’¬∫§«“¡

‡À¡◊Õπ ¥—ßπ—Èπ “¡“√∂§”π«≥§«“¡‡À¡◊Õπ¢Õß ‡™æ

§Õπ‡∑Á°´å¢Õß Õß®ÿ¥‰¥â¥â«¬°“√ª√–‡¡‘πμ“¡ª°μ‘∑“ß

À≈—° ∂‘μ‘ (x2)  ¥—ß ¡°“√ (5) (Belongie et al., 2002;

Singh and Hazarika 2007)

(5)

‡¡◊ËÕ°”Àπ¥„Àâ

h
i
(k) §◊Õ ®”π«π k ™àÕß ¢Õß Œ‘ ‚∑·°√¡ ∑’Ë ®ÿ¥ p

i

h
j
(k) §◊Õ ®”π«π k ™àÕß ¢Õß Œ‘ ‚∑·°√¡ ∑’Ë ®ÿ¥ q

j

°“√ª√–‡¡‘π§à“§«“¡‡À¡◊Õπ¢Õß®ÿ¥∑”°“√

§”π«≥∑ÿ°Ê ®ÿ¥√–À«à“ß√Ÿª√à“ß∑’ËÀπ÷Ëß·≈–∑’Ë Õß‡æ◊ËÕ

À“§à“μË” ÿ¥´÷Ëß‡ªìπ§à“∫àß∫Õ°«à“®ÿ¥¿“æ„π√Ÿª√à“ß∑’Ë

Àπ÷Ëß¡’§«“¡§≈â“¬°—∫®ÿ¥„¥„π√Ÿª√à“ß∑’Ë Õß·∫∫®ÿ¥μàÕ®ÿ¥

·≈â«®—∫§Ÿà√–À«à“ß®ÿ¥¢Õß∑—Èß Õß√Ÿª√à“ß · ¥ß¥—ß√Ÿª∑’Ë 9

‡æ◊ËÕ®–ª√–‡¡‘π§«“¡§≈â“¬§≈÷ß¢Õß√Ÿª√à“ßμàÕ‰ª

        (°)     (¢)      (§)

(°) „∫Àπâ“μâπ·∫∫

(¢) ¢Õ∫‡¢μ ’º‘«

(§) º≈°“√®—∫§Ÿà®ÿ¥¿“æ∑’Ë¡’§«“¡§≈â“¬§≈÷ß°—π

√Ÿª∑’Ë 9. °“√®—∫§Ÿà®ÿ¥¿“æ√–À«à“ß„∫Àπâ“μâπ·∫∫°—∫

¢Õ∫‡¢μ ’º‘«

3.4.3°“√ª√–‡¡‘π§«“¡‡À¡◊Õπ¢Õß

√Ÿª√à“ß

°“√ª√–‡¡‘π§à“§«“¡‡À¡◊Õπ¢Õß

√Ÿª√à“ß„πß“π«‘®—¬π’È„™â°“√ª√–‡¡‘π·∫∫ Thin Plate Spline

(TPS) (Belongie et al., 2002) ‚¥¬§«“¡‡À¡◊Õπ

√–À«à“ß√Ÿª√à“ß P ·≈– Q ª√–‡¡‘π‰¥â®“°§à“º≈√«¡∑’Ë

¥’∑’Ë ÿ¥¢Õß®ÿ¥„π‡™æ§Õπ‡∑Á°´å ¥—ß ¡°“√∑’Ë (6)

(6)
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‡¡◊ËÕ

T(.) ·∑π¥â«¬°“√ª√–‡¡‘π§à“·∫∫ TPS ‚¥¬§”π«≥

‰¥â®“° ¡°“√ (7)

T(x,y)=(f
x
(x,y),f

y
(x,y))   (7)

‚¥¬

  (8)

√“¬≈–‡Õ’¬¥· ¥ß„πß“π«‘®—¬ (Belongie, et al.,

2002)

°“√ª√–‡¡‘π§«“¡‡À¡◊Õπ¢Õß√Ÿª√à“ß®–‰¥â§à“

§«“¡‡À¡◊Õπ√–À«à“ß„∫Àπâ“μâπ·∫∫·≈–¢Õ∫‡¢μ ’º‘«

‡æ◊ËÕæ‘®“√≥“§à “§«“¡‡À¡◊Õπ∑’Ë ‰¥â°—∫§à “μ—¥·∫àß

(Threshold) „π∫∑§«“¡«‘®—¬∑’Ëπ”‡ πÕ„™â§à“μ—¥·∫àß

‡∑à“°—∫ 0.4 °“√∑¥≈Õß®–μ’°√Õ∫√Õ∫∫√‘‡«≥¢Õ∫‡¢μ

 ’º‘«∑’Ëª√–‡¡‘π«à“‡ªìπ„∫Àπâ“ ¥—ß√Ÿª∑’Ë 10

(°)       (¢)         (§)

(°) ¿“æ∂à“¬∫ÿ§§≈‡¥’Ë¬«  (¢) ¿“æ∂à“¬∫ÿ§§≈§Ÿà   (§) ¿“æ∂à“¬∫ÿ§§≈À¡Ÿà

√Ÿª∑’Ë 11. ¿“æ∑’Ë„™â„π°“√∑¥≈Õß

    (°)                                        (¢)

(°) ¿“æ∂à“¬∫ÿ§§≈  (¢) º≈°“√μ√«®®—∫„∫Àπâ“®“°¿“æ∂à“¬∫ÿ§§≈

√Ÿª∑’Ë 10. º≈°“√μ√«®®—∫„∫Àπâ“®“°ß“π«‘®—¬

4. ¢âÕ¡Ÿ≈∑’Ë„™â„π°“√∑¥≈Õß

¢âÕ¡Ÿ≈∑’Ë„™â∑¥≈Õß„πß“π«‘®—¬∑’Ëπ”‡ πÕ‡ªìπ

¿“æ∂à“¬¥‘®‘μÕ≈ „π‚À¡¥¿“æ ’ (RGB) ∑’Ë¡’¢π“¥

¿“æ·μ°μà“ß°—π μ—Èß·μà¢π“¥ 600 x 337 ∂÷ß 764 x

536 ®ÿ¥¿“æ (dpi) §«“¡≈–‡Õ’¬¥ 24 ∫‘μ °“√∫’∫Õ—¥

·∫∫ JPG  ®”π«π∑—Èß ‘Èπ√«¡ 82 ¿“æ ¡’„∫Àπâ“

∫ÿ§§≈∑’ËÕ¬Ÿà„π¿“æ√«¡∑—ÈßÀ¡¥ 276 „∫Àπâ“ ≈—°…≥–

¢Õß¿“æ∑’Ëπ”¡“∑”°“√«‘®—¬‡ªìπ¿“æ∑’Ë¡’æ◊ÈπÀ≈—ß∑’Ë‰¡à

·πàπÕπ·∫àß‡ªìπ¿“æ‡¥’Ë¬« 17 ¿“æ ¿“æ§Ÿà 23 ¿“æ ·≈–

¿“æÀ¡Ÿà 42 ¿“æ ¡’≈—°…≥–· ¥ß¥—ß√Ÿª∑’Ë 11
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5. °“√«—¥ª√– ‘∑∏‘¿“æß“π«‘®—¬

°“√ª√–‡¡‘πª√– ‘∑∏‘¿“æ¢Õßß“π«‘®—¬„π

∫∑§«“¡π’È„™â°“√«—¥®“°®”π«π„∫Àπâ“∑’Ëμ√«®®—∫‰¥â

‡ª√’¬∫‡∑’¬∫°—∫®”π«π„∫Àπâ“∑’Ë¡’∑—ÈßÀ¡¥∑’Ë„™â„π°“√

∑¥≈Õß∑ÿ°Ê ¿“æ ‡æ◊ËÕÀ“§à“ª√– ‘∑∏‘¿“æ§«“¡∂Ÿ°μâÕß

(Accuracy) „π°“√μ√«®®—∫„∫Àπâ“ (A
CC

) ´÷Ëß∂â“¡’

ª√– ‘∑∏‘¿“æ¥’®–¡’§à“‡¢â“„°≈âÀ√◊Õ‡∑à“°—∫ 1 ·≈–§à“

§«“¡º‘¥æ≈“¥ (False Positive Rate) „π°“√μ√«®®—∫

„∫Àπâ“ (F
PR

) ∂â“¡’§à“‡¢â“„°≈âÀ√◊Õ‡∑à“°—∫ 0 · ¥ß«à“¡’

ª√– ‘∑∏‘¿“æ¥’ ‚¥¬ª√–‡¡‘π®“° ¡°“√ (9) (Bashir

and Porikli, 2006)

TP + TNA
CC

=     TF (9)
     FP   PA

CC
= FP + TN

‚¥¬

TP §◊Õ ®”π«π„∫Àπâ“∑—ÈßÀ¡¥∑’Ëμ√«®®—∫∂Ÿ°μâÕß

TN §◊Õ  à«π∑’Ë‰¡à„™à„∫Àπâ“·≈–º≈°“√∑¥≈Õß√–∫ÿ«à“

‰¡à„™à„∫Àπâ“

TF §◊Õ ®”π«π„∫Àπâ“∑—ÈßÀ¡¥∑’Ë¡’√«¡°—∫¢Õ∫‡¢μ ’º‘«

Õ◊Ëπ∑’Ë√–∫ÿ‰¥â„π°“√∑¥≈Õß

FP §◊Õ ®”π«π„∫Àπâ“∑—ÈßÀ¡¥∑’Ëμ√«®®—∫º‘¥æ≈“¥ (‰¡à„™à

„∫Àπâ“·μàº≈°“√∑¥≈Õß√–∫ÿ«à“‡ªìπ„∫Àπâ“)

º≈°“√∑¥≈Õß

º≈°“√∑¥≈Õßμ√«®®—∫„∫Àπâ“¥â«¬«‘∏’°“√∑’Ë

π”‡ πÕ„π∫∑§«“¡«‘®—¬«‘®—¬ “¡“√∂μ√«®®—∫„∫Àπâ“

‰¥â∑—Èß¿“æ∫ÿ§§≈‡¥’Ë¬« ∫ÿ§§≈§Ÿà ·≈–∫ÿ§§≈À¡Ÿà ¥—ß

· ¥ß„π√Ÿª∑’Ë 12

(°) ¿“æ∫ÿ§§≈‡¥’Ë¬«     (¢) ¿“æ∫ÿ§§≈§Ÿà    (§) ¿“æ∫ÿ§§≈À¡Ÿà   (ß) º≈°“√μ√«®®—∫„∫Àπâ“¿“æ∫ÿ§§≈‡¥’Ë¬«

(®) º≈°“√μ√«®®—∫„∫Àπâ“¿“æ∫ÿ§§≈§Ÿà    (©) º≈°“√μ√«®®—∫„∫Àπâ“¿“æ∫ÿ§§≈À¡Ÿà

√Ÿª∑’Ë 12. º≈°“√μ√«®®—∫„∫Àπâ“
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º≈°“√∑¥≈Õß®“°√Ÿª∑’Ë 12  “¡“√∂ √ÿªº≈

°“√∑¥≈Õß‚¥¬·¬°‡ªìπ®”π«π„∫Àπâ“∑’Ëμ√«®®—∫‰¥â

·≈–„∫Àπâ“∑’Ëμ√«®®—∫‰¡à‰¥â ®“°¿“æ∫ÿ§§≈‡¥’Ë¬« ¿“æ

∫ÿ§§≈§Ÿà ·≈–¿“æ∫ÿ§§≈À¡Ÿà ‰¥â¥—ßμ“√“ß∑’Ë 1

μ“√“ß∑’Ë 1. · ¥ßº≈°“√μ√«®®—∫„∫Àπâ“∑’Ë‰¥â®“°°“√∑¥≈Õß

°“√«—¥ª√– ‘∑∏‘¿“æº≈°“√∑¥≈Õß‡æ◊ËÕ

À“§«“¡∂Ÿ°μâÕß (A
CC
) ·≈–§«“¡º‘¥æ≈“¥ (F

PR
)   ‚¥¬

æ‘®“√≥“®“° ¡°“√ (9) ‰¥âº≈°“√∑¥≈Õß¥—ß· ¥ß„π

μ“√“ß∑’Ë 2

μ“√“ß∑’Ë  2. ª√– ‘∑∏‘¿“æ°“√μ√«®®—∫„∫Àπâ“

«‘‡§√“–Àåº≈°“√∑¥≈Õß

®“°º≈°“√∑¥≈Õßæ∫«à“°“√μ√«®®—∫¿“æ

„∫Àπâ“∫ÿ§§≈∑’Ë¡’æ◊ÈπÀ≈—ß‰¡à·πàπÕπ„π¿“æ∑’Ë¡’

≈—°…≥–¿“æ∫ÿ§§≈À¡Ÿà¡’ª√– ‘∑∏‘¿“æ§«“¡∂Ÿ°μâÕßμË”

∑’Ë ÿ¥ §◊Õ ¡’ª√– ‘∑∏‘¿“æ‡æ’¬ß 0.81  à«π¿“æ∫ÿ§§≈

‡¥’Ë¬«·≈–§Ÿà¡’ª√– ‘∑∏‘¿“æ§«“¡∂Ÿ°μâÕß‡∑à“°—∫ 1 ·≈–

0.92 μ“¡≈”¥—∫ ®“°°“√«‘‡§√“–Àåæ∫«à“ “‡Àμÿ∑’Ë¿“æ

∫ÿ§§≈À¡Ÿà¡’ª√– ‘∑∏‘¿“æ°“√μ√«®®—∫„∫Àπâ“μË”‡æ√“–

¿“æ∫ÿ§§≈À¡Ÿà¡’®”π«π¢Õ∫‡¢μ ’º‘«À√◊Õ„∫Àπâ“¢π“¥

‡≈Á° ∑”„Àâ¡’Õß§åª√–°Õ∫¢Õß„∫Àπâ“‰¡à ¡∫Ÿ√≥å ®÷ß

 àßº≈„Àâ°√–∫«π°“√«‘‡§√“–Àå„π°“√μ√«®®—∫„∫Àπâ“

º‘¥æ≈“¥ Õ’°ª√–°“√Àπ÷ËßÕ“®‡°‘¥®“°· ß∑’Ë¡“°À√◊Õ

πâÕ¬°«à“ª°μ‘∑”„Àâ§à“ ’·≈–æ◊ÈπÀ≈—ß¡’§«“¡·ª√ª√«π

¡“°°«à“ª°μ‘ ∑”„Àâ ’º‘«¡’§«“¡º‘¥‡æ’È¬π®“°§«“¡‡ªìπ

®√‘ß  àßº≈„Àâ°“√§—¥·¬° ’º‘«º‘¥æ≈“¥ ¥—ß· ¥ß„π√Ÿª

∑’Ë 13
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 (°) ¿“æ∫ÿ§§≈§Ÿà    (¢) º≈°“√√–∫ÿ¢Õ∫‡¢μ ’º‘«¿“æ∫ÿ§§≈§Ÿà      (§) º≈°“√μ√«®®—∫„∫Àπâ“¿“æ∫ÿ§§≈§Ÿà

(ß) ¿“æ∫ÿ§§≈À¡Ÿà    (®) º≈°“√√–∫ÿ¢Õ∫‡¢μ ’º‘«¿“æ∫ÿ§§≈À¡Ÿà     (©) º≈°“√μ√«®®—∫„∫Àπâ“¿“æ∫ÿ§§≈À¡Ÿà

√Ÿª∑’Ë 13. ‡ª√’¬∫‡∑’¬∫º≈°“√∑¥≈Õß¿“æ∫ÿ§§≈§Ÿà·≈–¿“æ∫ÿ§§≈À¡Ÿà

 √ÿªº≈°“√∑¥≈Õß

∫∑§«“¡«‘®—¬π’È‰¥â‡ πÕ«‘∏’°“√μ√«®®—∫„∫Àπâ“

¥â«¬À≈—°°“√‡™æ§Õπ‡∑Á°´å ‚¥¬∑¥≈Õß°—∫¢âÕ¡Ÿ≈¿“æ

∑’Ë¡’æ◊ÈπÀ≈—ß‰¡à§ß∑’Ë∑—ÈßÀ¡¥ 82 ¿“æ ¢π“¥ μ—Èß·μà 600

x 337 ∂÷ß 764 x 536 ®ÿ¥¿“æ (dpi) §«“¡≈–‡Õ’¬¥ 24

∫‘μ °“√∫’∫Õ—¥·∫∫ JPG ®ÿ¥¿“æ ‚¥¬¡’≈—°…≥–‡ªìπ

¿“æ∫ÿ§§≈‡¥’Ë¬« ¿“æ∫ÿ§§≈§Ÿà ·≈–¿“æ∫ÿ§§≈À¡Ÿà ¡’

®”π«π„∫Àπâ“„π¿“æ√«¡ 276 „∫Àπâ“ ®“°º≈°“√

∑¥≈Õß·≈–«—¥ª√– ‘∑∏‘¿“æº≈°“√∑¥≈Õßæ∫«à“ «‘∏’

°“√∑’Ëπ”‡ πÕ„π∫∑§«“¡«‘®—¬π’È¡’ª√– ‘∑∏‘¿“æ§«“¡

∂Ÿ°μâÕß‡©≈’Ë¬∑—ÈßÀ¡¥‡∑à“°—∫ 0.85 ·≈–¡’§«“¡º‘¥æ≈“¥
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