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ABSTRACT

Drowsy driving is one of the main reasons causing traffic accidents. This paper aims
to develop a program to detect driver drowsiness and alert drivers timely to prevent them from
accidents. In order to analyze driverûs eyes movement, a small camera is mounted inside the car
to capture the driverûs face. The program detects the face using pixel-based skin color algorithm
and distinguishes the eyes by finding area of white pixels on face. This paper describes a method
of tracking the eyesû status whether they are closed or open. If the eyes are found closed,
the drowsiness index will be increased, on the other hand, the drowsiness index will be
decreased, if the eyes become open. Whenever the drowsiness reaches the threshold, the system
will issue a warning signal continuously. From the experiment with 9 video clips and 3 ranges
of YCbCr colour, it shows that the system is able to analyze eye status with 69.71% accuracy
and detect driver drowsiness with 67.67% accuracy across subjects. The system still has some
errors when source of light is not consistency and when the system detects eyebrows, the system
indicates the eye status is open which is not correct.

Keywords: Skin color Algorithm, YCbCr image, eye state analysis, drowsiness index (Peakdow)
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∫∑π”
„πªí®®ÿ∫—ππ’È‡√“¡—°‰¥â¬‘π‡√◊ËÕß√“«∑’Ë‡°’Ë¬«°—∫°“√‡°‘¥Õÿ∫—μ‘‡Àμÿ®“°°“√¢—∫¢’Ë‡ªìπ®”π«π¡“° ∑”„Àâ¡’

ºŸâ‰¥â√—∫Õ—πμ√“¬®“°°“√‡°‘¥Õÿ∫—μ‘‡ÀμÿÕ—π‡π◊ËÕß¡“®“° “‡Àμÿ§«“¡ª√–¡“∑À√◊Õ°“√æ—°ºàÕπ‰¡à‡æ’¬ßæÕ¢ÕßºŸâ¢—∫¢’Ë
·π«∑“ßÀπ÷Ëß∑’Ë®– “¡“√∂™à«¬≈¥Õÿ∫—μ‘‡Àμÿ∑’Ë‡°‘¥®“°Õ“°“√ßà«ßπÕππ’È‰¥â§◊Õ°“√·®âß‡μ◊ÕπºŸâ¢—∫¢’Ë¢≥–¢—∫√∂
‚¥¬„™â‡ ’¬ß·®âß‡μ◊Õπ‡ªìπ√–¬–Ê ß“π«‘®—¬π’È “¡“√∂μ√«® Õ∫Õ“°“√ßà«ßπÕπ¢Õß§π¢—∫√∂·≈–¡’ —≠≠“≥
·®âß‡μ◊Õπ„π‡«≈“∑’Ë‡À¡“– ¡ ‡æ◊ËÕ™à«¬ªÑÕß°—π°“√‡°‘¥Õÿ∫—μ‘‡Àμÿ®”π«π¡“°·≈–ª√–À¬—¥ß∫ª√–¡“≥„π°“√
√—°…“ºŸâ∫“¥‡®Á∫®“°Õÿ∫—μ‘‡Àμÿ‚¥¬μ‘¥μ—Èß°≈âÕß¢π“¥‡≈Á°‰«â„π√∂‡æ◊ËÕμ√«® Õ∫„∫Àπâ“ºŸâ¢—∫¢’Ë ‚ª√·°√¡μ√«®®—∫
 —≠≠“≥∫àß∫Õ°Õ“°“√ßà«ßπÕπ®“°≈—°…≥–¢Õß¥«ßμ“ “¡“√∂π”‰ªª√–¬ÿ°μå„™â„πÕÿμ “À°√√¡°“√º≈‘μ
√∂¬πμå‚¥¬Ωíß‚ª√·°√¡‰«â„πÕÿª°√≥åÀπâ“√∂

Õß§å§«“¡√Ÿâ∑’Ë‡°’Ë¬«¢âÕß·≈–Õÿª°√≥å‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√æ—≤π“√–∫∫

1. ß“π«‘®—¬∑’Ë‡°’Ë¬«¢âÕß
ß“π«‘®—¬¢Õß Devi ·≈–§≥– [1] μ√«® Õ∫Õ“°“√ßà«ßπÕπ¢ÕßºŸâ¢—∫¢’Ë·≈–¡’ —≠≠“π·®âß‡μ◊Õπ

„π‡«≈“∑’Ë‡À¡“– ¡ ‚¥¬°“√μ‘¥μ—Èß°≈âÕß¢π“¥‡≈Á°‰«â¿“¬„π√∂‡æ◊ËÕμ√«® Õ∫„∫Àπâ“ºŸâ¢—∫¢’Ë ¢—ÈπμÕπ°“√
∑”ß“π§◊Õ√—∫¿“æ‡§≈◊ËÕπ‰À«´÷Ëß‡ªìπ¿“æ ’®“°°≈âÕß«‘¥’‚Õ μ”·Àπàß„∫Àπâ“§π¢—∫Õ¬Ÿà∑’Ë®ÿ¥»Ÿπ¬å°≈“ß¢Õß°≈âÕß
‚¥¬°≈âÕß¡’§«“¡≈–‡Õ’¬¥ 352 Ó 288 æ‘°‡´≈ °“√μ√«®®—∫„∫Àπâ“ (Face Detection) °√–∑”‚¥¬μ—¥¿“æ
π‘Ëß∑’Ë‡ªìπ¿“æ ’·∫∫ RGB (Red Green Blue) ®“°«‘¥’‚Õ ®“°π—Èπ∑”°“√·¬°„∫Àπâ“ÕÕ°®“° ’æ◊ÈπÀ≈—ß ‚¥¬
„™âÕ—≈°Õ√‘∑÷¡°“√«‘‡§√“–Àå ’º‘« (Skin Color Algorithm) ·≈–π”¿“æ ’·∫∫ RGB ∑’Ë√—∫‡¢â“¡“‡ª≈’Ë¬π‡ªìπ
¿“æ YCbCr

°“√‡ª≈’Ë¬π¿“æ ’·∫∫ RGB „Àâ‡ªìπ YCbCr ‡ªìπ‰ª¥—ß ¡°“√∑’Ë (1)
Y = 0.299R + 0.587G + 0.114B
Cb = -0169R - 0.322G + 0.500B (1)
Cr = 0.500R - 0.419G - 0.081B

‚¥¬ Y §◊Õ §à“§«“¡‡¢â¡¢Õß· ß ·≈– Cb, Cr §◊Õ §à“§«“¡‡¢â¡¢Õß· ß ’πÈ”‡ß‘π·≈– ’·¥ß
∂â“§à“ Cb, Cr ¢Õß·μà≈–æ‘°‡´≈Õ¬Ÿà„πæ‘ —¬∑’Ë (2) ·≈– (3) ®÷ß®”·π°«à“‡ªìπ ’º‘«

76 < Cb < 126 (2)
130 < Cr < 172 (3)

‡¡◊ËÕæ∫ ’º‘«·≈â«®÷ßμ√«®®—∫À“„∫Àπâ“‚¥¬„™â§ÿ≥ ¡∫—μ‘°“√À“æ◊Èπ∑’Ë ’Ë‡À≈’Ë¬¡º◊πºâ“μ’°√Õ∫≈ß∫√‘‡«≥
„∫Àπâ“ ®“°π—Èπμ√«®À“¥«ßμ“ (Eyes Detection) ‚¥¬·∫àß√Ÿª‡ªìπ 2  à«π§◊Õ§√÷Ëß∫π·≈–§√÷Ëß≈à“ß ·≈â«‡μ‘¡
 ’¥”≈ß„π¿“æ§√÷Ëß≈à“ß À≈—ß®“°π—Èπμ’°√Õ∫ ’Ë‡À≈’Ë¬¡√Õ∫∫√‘‡«≥¥«ßμ“„π¿“æ§√÷Ëß∫π ·≈â«§âπÀ“¥«ßμ“‚¥¬„™â
Circular Hough Transform ‡æ◊ËÕ§âπÀ“μ”·Àπàß¥«ßμ“ ‡¡◊ËÕ‡®Õ·≈â«°Á∑”«ß°≈¡√Õ∫¥«ßμ“∑—Èß Õß

°“√ª√–‡¡‘π ∂“π–¥«ßμ“«‘‡§√“–Àå‚¥¬«—¥√–¬–Àà“ß√–À«à“ß¥«ßμ“∑—Èß 2 ¥«ß ·≈–√–¬–Àà“ß¢Õß
‡ø√¡ªí®®ÿ∫—π°—∫‡ø√¡°àÕπÀπâ“π—Èπ

}
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‚¥¬ eyedist §◊Õ √–¬–Àà“ß¢Õß¥«ßμ“∑—Èß Õß„π‡ø√¡·√°
d §◊Õ √–¬–Àà“ß√–À«à“ß¥«ßμ“ 2 ¥«ß„π‡ø√¡ªí®®ÿ∫—π
dd §◊Õ §«“¡·μ°μà“ß¢Õß§à“‡ø√¡ªí®®ÿ∫—π·≈–§à“‡ø√¡°àÕπÀπâ“π—Èπ

°”Àπ¥„Àâ§à“∑’Ë√—∫‰¥â (tolerance value) ‡∑à“°—∫ 10  ”À√—∫„™â‡ªìπ‡ß◊ËÕπ„π°“√√–∫ÿ ∂“π–¥«ßμ“
∂â“‡ß◊ËÕπ‰¢π’È‡ªìπ®√‘ß· ¥ß«à“¥«ßμ“‡ªî¥

if (d > (eyedist - 10) && dd < 10)
·μà∂â“¥«ßμ“ªî¥®–‰¡à “¡“√∂«ß°≈¡‰¥â ®÷ß∑”„Àâ°“√§”π«≥√–¬–Àà“ß√–À«à“ß¥«ßμ“∑—Èß Õßº‘¥æ≈“¥

®÷ß„™â§à“‡ø√¡ªí®®ÿ∫—π·≈–§à“‡ø√¡°àÕπÀπâ“¡“À“§«“¡·μ°μà“ß°—π (dd) ´÷Ëß∂â“ dd ≥ 10 · ¥ß«à“¥«ßμ“ªî¥
°“√μ√«® Õ∫Õ“°“√ßà«ßπÕπ ‡¡◊ËÕ¡’¿“æ∑’Ëμ“ªî¥μ‘¥μàÕ°—π 8 ¿“æ · ¥ß«à“¡’Õ“°“√ßà«ßπÕπ

‡¡◊ËÕμ√«®‡®ÕÕ“°“√ßà«ßπÕπ®– àß —≠≠“π·®âß‡μ◊Õπ‡ªìπ‡ ’¬ß√âÕß
´÷Ëßß“π«‘®—¬¢Õß Devi [1] π—Èπ‰¥âμ√«®À“Õ“°“√ßà«ßπÕπ¢ÕßºŸâ¢—∫¢’Ë‚¥¬„™âÕ—≈°Õ√‘∑÷¡«‘‡§√“–Àå

 ’º‘«‡æ◊ËÕμ√«®À“„∫Àπâ“·≈–„™â Circular Hough Transform ‡æ◊ËÕμ√«®À“¥«ßμ“ ·μà¬—ß§ß¡’¢âÕ®”°—¥μ√ß∑’Ë
æ◊ÈπÀ≈—ß¢Õß¿“æ¡’ ’¥”®÷ß∑”„Àâ°“√μ√«®À“„∫Àπâ“·≈–¥«ßμ“º‘¥æ≈“¥  àßº≈„Àâ —≠≠“π‡μ◊Õπ‰¡à∂Ÿ°μâÕß
®“°ªí≠À“¥—ß°≈à“«ºŸâ«‘®—¬®÷ß‰¥â°”Àπ¥¢Õ∫‡¢μ¢π“¥æ‘°‡´≈¢Õß¿“æ∑’Ë√—∫‡¢â“¡“„Àâ¡“°¢÷Èπ · ß∑’Ë‡¢â“¡“¡’
√–¥—∫‡∑à“°—π·≈–„π°“√æ—≤π“‚ª√·°√¡°Á°”Àπ¥§à“æ‘ —¬¢Õß ’ YCbCr ‡ªìπ 3 ™à«ß·≈â«∑”°“√∑¥ Õ∫‡æ◊ËÕ
‡≈◊Õ°™à«ß∑’Ë¥’∑’Ë ÿ¥∑’Ë‡À¡“– ”À√—∫§π ’º‘« Õß ’

2. ∑ƒ…Æ’∑’Ë„™â„πß“π«‘®—¬
·∫∫®”≈Õß ’ RGB [2]

·∫∫®”≈Õß ’π’È‡ªìπ·∫∫®”≈Õß¢Õß·¡à ’À≈—° 3  ’ (Primary Colors) ª√–°Õ∫¥â«¬ ’ 3  ’
‰¥â·°à ·¥ß (Red) ‡¢’¬« (Green) ·≈–πÈ”‡ß‘π (Blue) ‡¡◊ËÕπ”¡“º ¡º “π°—π∑”„Àâ‡°‘¥ ’μà“ßÊ ´÷Ëß„°≈â‡§’¬ß
°—∫ ’∑’Ëμ“‡√“¡Õß‡ÀÁπ ∂â“ ’¡’§«“¡‡¢â¡¡“°‡¡◊ËÕπ”¡“º ¡°—π®–∑”„Àâ‡°‘¥‡ªìπ ’¢“« ®÷ß‡√’¬°√–∫∫ ’π’È«à“·∫∫
Additive À√◊Õ°“√º ¡ ’·∫∫∫«°ª°μ‘∂Ÿ°π”¡“„™âß“π„π¥â“π°“√· ¥ßº≈¢âÕ¡Ÿ≈∫π®Õ¿“æ √«¡‰ª∂÷ß°“√
‡°Á∫¢âÕ¡Ÿ≈¿“æ„π√–∫∫§Õ¡æ‘«‡μÕ√å

·∫∫®”≈Õß ’ YCbCr
·∫∫®”≈Õß ’ YCbCr ‡ªìπ«‘∏’Àπ÷Ëß¢Õß°“√‡°Á∫¢âÕ¡Ÿ≈ ’¢Õß√–∫∫¿“æ·≈–«‘¥’‚Õ¥‘®‘μÕ≈ ‡ªìπ°“√

‡Õ“¿“æ RGB ¡“‡¢â“√À—   à«π°“√∂Õ¥√À— °Á®–∑”‚¥¬‡Õ“¢âÕ¡Ÿ≈®“° YCbCr ¡“‡∑’¬∫°—∫μ“√“ß ’ RGB
Õ’°∑’ §«“¡·μ°μà“ß¢Õß YCbCr °—∫ RGB §◊Õ°“√· ¥ß¿“æ¢Õß YCbCr ®–„™â§«“¡ «à“ß ·≈– §à“§«“¡
μà“ß ’  à«π RGB · ¥ß ’·¥ß  ’‡¢’¬« ·≈– ’πÈ”‡ß‘π ‚¥¬∑’Ë Y ¡“®“°§«“¡ «à“ß (Luminance) Cb §◊Õ
 ’πÈ”‡ß‘π∑’Ëμ—¥§«“¡ «à“ßÕÕ°‰ª (B - Y) ·≈– Cr §◊Õ  ’·¥ß∑’Ëμ—¥§«“¡ «à“ßÕÕ°‰ª (R - Y) ´÷Ëß‡ªìπ‚§√ß √â“ß
 ’∑’Ë„™â°—π„π°“√‡¢â“√À— ·∫∫ MPEG ·≈– JPEG √–∫∫ ’ YCbCr ∂Ÿ°æ—≤π“¢÷Èπ‡æ◊ËÕ„™â°—∫¿“æ«‘¥’‚Õ¥‘®‘μÕ≈
´÷Ëß Basilio ·≈–§≥– [3] ‰¥â √ÿª§à“§«“¡ «à“ß Y ¡’§à“Õ¬Ÿà√–À«à“ß 16 - 235  à«π Cb ·≈– Cr ®–¡’§à“Õ¬Ÿà
√–À«à“ß 16 - 240
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°“√‡ª≈’Ë¬π¿“æ RGB ‡ªìπ YCbCr · ¥ß¥—ß ¡°“√ (4) [3]

(4)

®“°°“√∑¥≈Õß√–∫∫ ’ YCbCr π—Èπ [3] ‡¡◊ËÕ‡°Á∫§à“ Y ®–æ∫«à“∂â“ Y ¡’§à“μ—Èß·μà 50 ≈ß‰ª
¿“æ®–¡◊¥‡°‘π‰ª ·μà∂â“ Y ¡’§à“¡“°°«à“ 240 ¿“æ®– «à“ß ¥—ßπ—Èπ„π°“√π”¿“æ¡“«‘‡§√“–Àå®÷ß‡≈◊Õ°„™â¿“æ∑’Ë
Y ¡’§à“¡“°°«à“ 80

Kukharev ·≈–§≥– [4] æ∫«à“§à“æ‘ —¬ CbCr „π™à«ß 85 < Cb < 135 ·≈– 135 < Cr < 180
®–‡À¡“–°—∫§πº‘«¢“«  à«π Chai ·≈– Ngai [5] ‰¥âæ—≤π“Õ—≈°Õ√‘∑÷¡„Àâ¥’¢÷Èπ‡æ◊ËÕ«‘‡§√“–Àå ’º‘«¡πÿ…¬åæ∫
«à“™à«ß Cb ·≈– Cr ∑’Ë¥’∑’Ë ÿ¥§◊Õ 77 ≤ Cb ≤ 127 ·≈– 133 ≤ Cr ≤ 173 ºŸâ«‘®—¬‰¥âπ”§à“æ‘ —¬μ“¡ß“π¢Õß
Chai [5] ¡“∑¥≈Õß·≈â«æ∫«à“§à“æ‘ —¬¥—ß°≈à“«‰¡à “¡“√∂„™â√à«¡°—∫§π ’º‘« Õß ’‰¥âÕ¬à“ß∂Ÿ°μâÕß  à«π
§à“æ‘ —¬ „π [1] 76 < Cb < 126 ·≈– 130 < Cr < 172 ‡À¡“–°—∫§π ’º‘«§≈È”°≈“ßÊ ·≈–§à“æ‘ —¬„π [3]
80 ≤ Cb ≤ 120 ·≈– 133 ≤ Cr ≤ 173 ‡À¡“–°—∫§πº‘« Õß ’

¥—ßπ—Èπ„πß“π«‘®—¬π’È®÷ß‰¥â∑¥ Õ∫§à“ Cb ·≈– Cr ‡ªìπ 3 ™à«ß¥—ßπ’È
™à«ß∑’Ë 1 Cb ¡’§à“Õ¬Ÿà√–À«à“ß 76 ∂÷ß 126

Cr ¡’§à“Õ¬Ÿà√–À«à“ß 130 ∂÷ß 172
™à«ß∑’Ë 2 Cb ¡’§à“Õ¬Ÿà√–À«à“ß 77 ∂÷ß 127

Cr ¡’§à“Õ¬Ÿà√–À«à“ß 133 ∂÷ß 177
™à«ß∑’Ë 3 Cb ¡’§à“Õ¬Ÿà√–À«à“ß 80 ∂÷ß 120

Cr ¡’§à“Õ¬Ÿà√–À«à“ß 133 ∂÷ß 173
·≈–‰¥â‡°≥±å™à«ß∑’Ë¥’∑’Ë ÿ¥§◊Õ™à«ß∑’Ë 3 §◊Õ Cb ¡’§à“Õ¬Ÿà√–À«à“ß 80 ∂÷ß 120 ·≈– Cr ¡’§à“Õ¬Ÿà√–À«à“ß 133
∂÷ß 173

°“√·ª≈ß¿“æ YCbCr ‡ªìπ¿“æ¢“«¥”‚¥¬„™â§à“‡°≥±å (threshold)
°“√·ª≈ß¿“æ∑’Ë¡’§à“æ‘°‡´≈Õ¬Ÿà√–À«à“ß 0-255 „Àâ‡ªìπ¿“æ∑’Ë¡’§à“‡æ’¬ß Õß√–¥—∫ (Binary

Image) [6] ‚¥¬¡’‡ß◊ËÕπ‰¢«à“ ∂â“§à“æ‘°‡´≈π—Èπ¡’§à“μË”°«à“§à“ threshold „Àâ®ÿ¥¿“æπ—Èπ¡’§à“‡ªìπ 0 À√◊Õ‡ªìπ ’¥”
·μà∂â“§à“æ‘°‡´≈π—Èπ¡’§à“ Ÿß°«à“À√◊Õ‡∑à“°—∫§à“ threshold „Àâ®ÿ¥¿“æπ—Èπ¡’§à“‡ªìπ 255 À√◊Õ ’¢“«

g(x,y) =  0 if f(x,y) < threshold value
g(x,y) = 255 if f(x,y) ≥ threshold value

‚¥¬ f(x,y)  §◊Õ  §à“æ‘°‡´≈¢Õß¿“æμâπ©∫—∫„πμ”·Àπàß (x,y)
g(x,y)  §◊Õ  §à“æ‘°‡´≈¢Õß¿“æº≈≈—æ∏å„πμ”·Àπàß (x,y)
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°“√¢¬“¬¢π“¥¢âÕ¡Ÿ≈¿“æ (Dilation)
°“√¢¬“¬¢π“¥¢âÕ¡Ÿ≈¿“æ„™â —≠≈—°…≥å ⊕ ‡ªìπ°“√¢¬“¬æ‘°‡´≈∑’Ë «à“ß„Àâ„À≠à¢÷Èπ ”À√—∫

√Ÿª¿“æ·∫∫¢“«¥”À√◊Õ ’‡∑“‡æ◊ËÕ®ÿ¥ª√– ß§å∫“ßª√–°“√‡™àπ‡æ◊ËÕªî¥√Ÿ‡≈Á°Ê „π«—μ∂ÿÀ√◊Õ„™â‡æ◊ËÕ™à«¬„Àâ«—μ∂ÿ 2 «—μ∂ÿ
∑’Ë‰¡à¡’ ¡“™‘°√à«¡°—π·μàÕ¬Ÿà„°≈â°—π “¡“√∂‡™◊ËÕ¡μàÕ°—π‰¥â‡ªìπμâπ °“√¢¬“¬¢π“¥∑”‰¥â‚¥¬«“ß ¡“™‘°‚§√ß √â“ß
(Structuring Element) ≈ß∫π¿“æ·≈â«‡≈◊ËÕπ ¡“™‘°‚§√ß √â“ß¡’¢—ÈπμÕπ¥—ßπ’È

1. ∂â“®ÿ¥»Ÿπ¬å°≈“ß¢Õß ¡“™‘°‚§√ß √â“ßμ√ß°—∫§à“ ù0û „π¿“æ‰¡àμâÕß¥”‡π‘π°“√„¥Ê ·≈â«„Àâ
‡≈◊ËÕπ ¡“™‘°‚§√ß √â“ß‰ª¬—ß®ÿ¥¿“æ∂—¥‰ª

2. ∂â“®ÿ¥»Ÿπ¬å°≈“ß¢Õß ¡“™‘°‚§√ß √â“ßμ√ß°—∫§à“ ù1û „π¿“æ„Àâ¥”‡π‘π°“√¥â«¬μ—«¥”‡π‘π°“√
OR (À√◊Õ) √–À«à“ß¿“æ°—∫ ¡“™‘°‚§√ß √â“ß

°“√°√àÕπ¢âÕ¡Ÿ≈¿“æ (Erosion)
°“√°√àÕπ¢âÕ¡Ÿ≈¿“æ„™â —≠≈—°…≥å ⊗ ‡ªìπ°“√¥”‡π‘π°“√‡™àπ‡¥’¬«°—∫°“√¢¬“¬¢π“¥·μà„Àâ

≈—°…≥–μ√ß°—π¢â“¡§◊Õ≈¥¢π“¥¢Õßæ‘°‡´≈∑’Ë «à“ß≈ß °“√°√àÕπ®–≈¥¢π“¥¢Õß«—μ∂ÿ„Àâ‡≈Á°≈ß¡’°“√¥”‡π‘π
°“√¥—ßπ’È

1. ∂â“®ÿ¥»Ÿπ¬å°≈“ß¢Õß ¡“™‘°‚§√ß √â“ßμ√ß°—∫§à“ ù0û „π¿“æ ‰¡àμâÕß¥”‡π‘π°“√„¥Ê ·≈–„Àâ
‡≈◊ËÕπ ¡“™‘°‚§√ß √â“ß‰ª¬—ß®ÿ¥¿“æ∂—¥‰ª

2. ∂â“®ÿ¥»Ÿπ¬å°≈“ß¢Õß ¡“™‘°‚§√ß √â“ßμ√ß°—∫§à“ ù1û „π¿“æ „Àâæ‘®“√≥“«à“∂â“¡’®ÿ¥¿“æ§à“
ù1û „π ¡“™‘°‚§√ß √â“ß‡≈¬ÕÕ°¡“®“°«—μ∂ÿ´÷Ëß¡’§à“ ù1û „π¿“æ„Àâ‡ª≈’Ë¬π§à“ ù1û ≥ μ”·Àπàß∑’Ë‡ªìπ
®ÿ¥»Ÿπ¬å°≈“ß„π¿“æ‡ªìπ§à“ ù0û

°“√‡ªî¥·≈–ªî¥¿“æ (Opening and Closing)
°“√‡ªî¥¿“æ (Opening) „™â —≠≈—°…≥å ° ‡ªìπ°“√°”®—¥√“¬≈–‡Õ’¬¥¢π“¥‡≈Á°¢Õß¿“æ§◊Õ

°√–∫«π°“√°√àÕπ¢âÕ¡Ÿ≈¿“æ (Erosion) ®“°π—Èπ®÷ß∑”°“√¢¬“¬¢π“¥¢âÕ¡Ÿ≈¿“æ (Dilation) ÷́Ëßº≈≈—æ∏å®“°
°“√∑” Opening ®–∑”„Àâæ‘°‡´≈¢Õß¿“æ∂Ÿ°‡ªî¥ÕÕ°¡“°¢÷Èπ ¥—ß ¡°“√μàÕ‰ªπ’È

A ⋅ B = (A ⊗ B) ⊕ B

‚¥¬ A §◊Õ ¿“æμâπ©∫—∫ ·≈– B ‡ªìπ ¡“™‘°‚§√ß √â“ß (Structuring element)

°“√ªî¥¿“æ (Closing) „™â —≠≈—°…≥å ⋅ ∑”„π«‘∏’μ√ß¢â“¡°—∫ Opening ®–‡ªìπ°“√∑”„Àâ¿“æ

¡’°“√‡™◊ËÕ¡μàÕ°—π¡“°¢÷Èπ·≈–°“√∑” Closing ®–∑”„Àâæ‘°‡´≈¢Õß¿“æ®–∂Ÿ°ªî¥‡™◊ËÕ¡μàÕ°—π¡“°¢÷Èπ«‘∏’°“√∑”

Closing §◊Õ°“√∑” Dilation °àÕπ®÷ß∑” Erosion ¥—ß ¡°“√μàÕ‰ªπ’È

A ⋅ B = (A ⊕ B) ⊗ B



«“√ “√«‘∑¬“»“ μ√å ¡»« ªï∑’Ë 32 ©∫—∫∑’Ë 2 (2559) 113

Õÿª°√≥å·≈–«‘∏’°“√∑¥≈Õß
´Õøμå·«√å (Software) ¥—ßμàÕ‰ªπ’È

1. ‚ª√·°√¡ Visual Studio 2015 æ—≤π“¢÷Èπ‚¥¬‰¡‚§√´Õø∑å‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë™à«¬∑”‡«Á∫‰´μå
‡«Á∫·Õªæ≈‘‡§™—π ·≈– ‡«Á∫‡´Õ√å«‘´ „πªí®®ÿ∫—π Visual Studio π—Èπ “¡“√∂„™â¿“…“‚ª√·°√¡∑’Ë‡ªìπ¿“…“
¥Õμ‡πÁμ„π‚ª√·°√¡‡¥’¬«°—π

2. OpenCV- 3.1.0 ‡ªìπ Library „π¿“…“ C++ ·≈– Python  ”À√—∫°“√æ—≤π“‚ª√·°√¡∑’Ë
‡°’Ë¬«¢âÕß°—∫ Image Processing ·≈– Computer Vision

Œ“√å¥·«√å (Hardware) „™â‡§√◊ËÕß¡◊Õ¥—ßμàÕ‰ªπ’È
1. §Õ¡æ‘«‡μÕ√å√–∫∫ªØ‘∫—μ‘°“√«‘π‚¥« å
2. ‚∑√»—æ∑å¡◊Õ∂◊Õ Samsung galaxy grand II °≈âÕß¥‘®‘μÕ≈ 8 ≈â“πæ‘°‡´≈

«‘∏’¥”‡π‘πß“π
Õ∏‘∫“¬°“√∑”ß“πμ“¡º—ßß“π„π¿“æ∑’Ë 1 ¥—ßπ’È
1. π”‡¢â“¢âÕ¡Ÿ≈‡ªìπ¿“æ‡§≈◊ËÕπ‰À«
∑¥ Õ∫‚¥¬π”¿“æ«‘¥’‚Õ®“°‚∑√»—æ∑å¡◊Õ∂◊Õ Samsung galaxy grand II ¡’§«“¡≈–‡Õ’¬¥ 8 ≈â“π

æ‘°‡´≈ ·≈â«μ—¥¿“æπ‘ËßÕÕ°®“°¿“æ«‘¥’‚Õ
2. ·ª≈ß¿“æ RGB „ÀâÕ¬Ÿà√Ÿª·∫∫ YCbCr
‡æ◊ËÕ≈¥º≈°√–∑∫®“°· ß‚¥¬·ª≈ß¿“æ RGB ‡ªìπ YCbCr ¥—ß ¡°“√ (4) ‰¥âº≈≈—æ∏å¥—ß¿“æ 2
3. ·ª≈ß¿“æ YcbCr „ÀâÕ¬Ÿà√Ÿª¢“«¥”‚¥¬„™â§à“‡°≥±å (threshold)
∑”°“√‡ª≈’Ë¬π¿“æ YCbCr „Àâ‡ªìπ¿“æ¢“«¥”‚¥¬„™â§à“‡°≥±å (threshold) ¥—ß¿“æ∑’Ë 3 °“√

√–∫ÿ à«π ’º‘«¡πÿ…¬åπ—Èπ®–∑”°“√μ√«® Õ∫§à“æ‘°‡´≈ Cb ·≈– Cr «à“Õ¬Ÿà„π§à“æ‘ —¬∑’Ë°”Àπ¥À√◊Õ‰¡à ‚¥¬„π
√–∫∫‰¥â°”Àπ¥æ‘ —¬ Cb ·≈– Cr ‡ªìπ 3 ™à«ß¥—ß√–∫ÿ„π∑ƒ…Ø’∑’Ë„™â„πß“π«‘®—¬ ·≈â«∑”°“√∑¥ Õ∫‡æ◊ËÕÀ“
™à«ß∑’Ë‡À¡“– ¡∑’Ë ÿ¥

4. §âπÀ“„∫Àπâ“®“°¿“æ¢“«¥”
‚¥¬∑”°“√ opening ¿“æ®–‰¥â§à“æ‘°‡´≈ «à“ß‡ªìπ ’º‘« °”Àπ¥„Àâ‡ªìπ„∫Àπâ“ ¥—ß¿“æ∑’Ë 4 ·≈–

·∫àß°≈ÿà¡æ‘°‡´≈ÕÕ°®“°°—π‡æ◊ËÕªÑÕß°—π‰¡à„Àâ°≈ÿà¡æ‘°‡´≈∑’Ë‡ªìπ„∫Àπâ“‡™◊ËÕ¡μàÕ°—∫ ‘Ëß·«¥≈âÕ¡Õ◊Ëπ∑’ËÕ¬Ÿàμ‘¥°—π
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¿“æ∑’Ë 1  º—ßß“π¢Õß√–∫∫
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°)  √Ÿª RGB  ¢)  √Ÿª YCbCr

¿“æ∑’Ë 2  ·ª≈ß¿“æ RGB „ÀâÕ¬Ÿà„π√Ÿª YCbCr

¿“æ∑’Ë 3  ¿“æ¢“«¥”∑’Ë‰¥âÀ≈—ß®“°°“√·ª≈ß®“° YCbCr

¿“æ∑’Ë 4  °”Àπ¥°≈ÿà¡æ‘°‡´≈ «à“ß∑’Ë¡’¢π“¥„À≠à∑’Ë ÿ¥‡ªìπ„∫Àπâ“

5. §âπÀ“¥«ßμ“®“°°≈ÿà¡æ‘°‡´≈„∫Àπâ“
‡¡◊ËÕ‰¥â„∫Àπâ“„π¿“æ∑’Ë 8 ·≈â«„Àâ reverse ¿“æ¢“«¥”Õ’°§√—Èß¥—ß¿“æ∑’Ë 5 „π∫√‘‡«≥„∫Àπâ“®–‰¥â

§à“æ‘°‡´≈ «à“ß‡ªìπ¥«ßμ“ ‡æ◊ËÕ„Àâ°≈ÿà¡æ‘°‡´≈¥«ßμ“¡’§«“¡ ¡∫Ÿ√≥å¡“°¢÷Èπ§à“§«“¡ «à“ßμâÕßÕ¬Ÿà∫π„∫Àπâ“
‡∑à“π—Èπ

6. °“√μ—¥ ‘πº≈°“√‡ªî¥-ªî¥¢Õß¥«ßμ“
‚¥¬·∫àß„∫Àπâ“‡ªìπ§√÷Ëß´â“¬·≈–§√÷Ëß¢«“ ·≈–À“«à“¡’°≈ÿà¡æ‘°‡´≈∑’ËÕ¬Ÿà´â“¬∫π·≈–¢«“∫π¢Õß

„∫Àπâ“À√◊Õ‰¡à ∂â“¡’∑—Èß Õß¢â“ß®–§◊π§à“‡ªìπ true (¥«ßμ“‡ªî¥) ·≈–∂â“‰¡à®–§◊π§à“‡ªìπ false (¥«ßμ“ªî¥)
7. °“√‡æ‘Ë¡-≈¥§à“«—¥Õ“°“√ßà«ßπÕπ (Peakdow)
peakdow §◊Õ §à“«—¥Õ“°“√ßà«ßπÕπ ‡¡◊ËÕ‰¥âº≈°“√‡ªî¥-ªî¥¥«ßμ“·≈â«°Á®–π”º≈∑’Ë‰¥â¡“‡æ‘Ë¡-≈¥

§à“«—¥Õ“°“√ßà«ßπÕπ ‚¥¬®–‡æ‘Ë¡§à“‡¡◊ËÕ ∂“π–¥«ßμ“ªî¥ ·≈–≈¥§à“‡¡◊ËÕ ∂“π–¥«ßμ“‡ªî¥ ·μà®–‰¡à≈¥≈ß¡“
μË”°«à“ 0 ¥—ß‚§â¥„π¿“æ∑’Ë 7 ·≈–®–∂Ÿ°√’‡´Áμ°≈—∫‡ªìπ 0 „À¡à ‡¡◊ËÕ¥«ßμ“‡ªî¥μ‘¥μàÕ°—π‚¥¬‰¡à¡’¥«ßμ“ªî¥
‡≈¬‡ªìπ√–¬–‡«≈“Àπ÷Ëß¥—ß¿“æ∑’Ë 6
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8. μ—¥ ‘πÕ“°“√ßà«ßπÕπ
®–μ—¥ ‘π„®„ÀâºŸâ¢—∫¢’ËÕ¬Ÿà„πÕ“°“√ßà«ßπÕπ‡¡◊ËÕ§à“ peakdow ¡’¡“°°«à“À√◊Õ‡∑à“°—∫§à“ threshold

°Á®– àß‡ ’¬ß√âÕß‡μ◊Õπ‚¥¬§à“ threshold π’È®–·ª√º—πμ“¡®”π«π‡ø√¡μàÕ«‘π“∑’¢Õß¿“æ«‘¥’‚Õ∑’Ëπ”‡¢â“ ¥—ßπ—Èπ
threshold = fps Ó second (fps : frame per second) „π∑’Ëπ’È„™â 1 «‘π“∑’ ‡æ√“– 1 «‘π“∑’‡ªìπ‡«≈“∑’Ë
‡À¡“– ¡Õ¬Ÿà„π¢—Èπ∑’ËμâÕß·®âß‡μ◊Õπ·≈â« ·μà∂â“¡“°°«à“ 1 «‘π“∑’ §à“ threshold ®– Ÿß‡°‘π‰ª∑”„Àâ àß —≠≠“≥
‡μ◊Õπ™â“

9.  àß‡ ’¬ß·®âß‡μ◊Õπ
ÕÕ°·∫∫√Ÿª·∫∫¢Õß —≠≠“π‡μ◊Õπ„π√–¬–‡«≈“ 1000 ¡‘≈≈‘«‘π“∑’¥â«¬§«“¡∂’Ë 300 ‡Œ‘√å∑·≈–

§à“√–¬–‡«≈“®–≈¥≈ß‡¡◊ËÕ§à“«—¥Õ“°“√ßà«ßπÕπ (peakdow) ¡“°¢÷Èπ∑”„Àâ¡’°“√‡μ◊Õπ∂’Ë¢÷Èπ‡√◊ËÕ¬Ê ¥—ß‚§â¥
¿“æ∑’Ë 8

°) À“°≈ÿà¡æ‘°‡´≈ «à“ß∑’ËÕ¬Ÿà∫π„∫Àπâ“  ¢) ‡¡◊ËÕ‡®Õ√–∫ÿ«à“‡ªìπ¥«ßμ“

¿“æ∑’Ë 5  °“√√–∫ÿÀ“°≈ÿà¡æ‘°‡´≈ «à“ß∑’ËÕ¬Ÿà∫π„∫Àπâ“

¿“æ 6  ‡¡◊ËÕ¥«ßμ“‡ªî¥μ‘¥μàÕ°—π‚¥¬‰¡à¡’¥«ßμ“ªî¥‡≈¬‡ªìπ√–¬–‡«≈“Àπ÷Ëß®–√’‡´Áμ§à“ peakdow ‡ªìπ 0

¿“æ∑’Ë 7  ‚§â¥„π°“√μ—¥ ‘π„®‡æ‘Ë¡À√◊Õ≈¥§à“ peakdow
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¿“æ∑’Ë 8  Method sound_beepp · ¥ß‡ ’¬ß —≠≠“π‡μ◊Õπ

º≈°“√¥”‡π‘πß“π¢Õß°“√∑¥ Õ∫‡ªî¥-ªî¥¥«ßμ“
‡√“‰¥â∑”°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß°“√·¬°·¬– ’º‘« ‚¥¬„™â«‘¥’‚Õ„π°“√∑¥ Õ∫∑—ÈßÀ¡¥

9 §≈‘ª ‚¥¬„π·μà≈–§≈‘ª®–∂Ÿ°·¬°·¬–‚¥¬™à«ß¢Õß ’º‘«∑—Èß 3 ™à«ß ‡ªìπ¥—ßπ’È

™à«ß∑’Ë 1 ™à«ß∑’Ë 2 ™à«ß∑’Ë 3
Cb = 76 - 126 Cb = 77 - 127 Cb = 80 - 120
Cr = 130 - 172 Cr = 133 - 177 Cr = 133 - 173

‚¥¬Õ—μ√“°“√μ—¥¿“æ«‘¥’‚Õ‡ªìπ¿“æπ‘Ëß¢Õß·μà≈–«‘¥’‚Õ‰¡à‡∑à“°—π· ¥ßμ—«Õ¬à“ß¢Õß«‘¥’‚Õ∑’Ë 5
¥—ß„π¿“æ∑’Ë 9

¿“æ∑’Ë 9  · ¥ß®”π«π‡ø√¡μàÕ«‘π“∑’¢Õß«‘¥’‚Õ∑’Ë 5

º≈°“√¥”‡π‘πß“π¢Õß‚ª√·°√¡®“°°“√∑¥ Õ∫«‘¥’‚Õ∑’Ë 5 „π™à«ß∑’Ë 1 ‰¥âº≈≈—æ∏å∫“ß à«π¥—ß¿“æ∑’Ë 10



SWU Sci. J. Vol. 32 No. 2 (2016)118

¿“æ∑’Ë 10  º≈≈—æ∏å°“√∑”ß“π¢Õß‚ª√·°√¡®“°°“√∑¥ Õ∫«‘¥’‚Õ∑’Ë 5

⋅ º≈≈—æ∏å∑’Ë‚ª√·°√¡¥”‡π‘π°“√º‘¥æ≈“¥

‡ø√¡∑’Ë 10 ‚ª√·°√¡ª√–¡«≈‰¥â§à“ true ·μà§à“§«“¡∂Ÿ°μâÕß§◊Õ false ‡æ√“–μ“ªî¥ ¥—ß¿“æ∑’Ë 11

¿“æ∑’Ë 11  º≈≈—æ∏å∑’Ë‚ª√·°√¡¥”‡π‘π°“√º‘¥æ≈“¥¢Õß«‘¥’‚Õ∑’Ë 5 ‡ø√¡∑’Ë 10
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º≈°“√¥”‡π‘πß“π¢Õß°“√«—¥Õ“°“√ßà«ßπÕπ
°“√ àß‡ ’¬ß√âÕß‡μ◊Õπ‡¡◊ËÕºŸâ¢—∫¢’ËÕ¬Ÿà„πÕ“°“√ßà«ßπÕππ—Èπ ‚¥¬π”§à“μ—««—¥Õ“°“√ßà«ßπÕπ (peakdow)

¡“‡∑’¬∫°—∫§à“ threshold ∂â“ peakdow ≥ threshold °Á®– àß‡ ’¬ß√âÕß‡μ◊Õπ
μ—«Õ¬à“ß‡™àπ ‡¡◊ËÕπ”«‘¥’‚Õ 5 ‡¢â“¡“∑¥ Õ∫´÷Ëß¡’∑—ÈßÀ¡¥ 46 ‡ø√¡ (‡ø√¡ 0  ‡ø√¡ 45) frame

per second(fps) = 28 ¥—ßπ—Èπ threshold = fps Ó second = 28 Ó 1 = 28
‡¡◊ËÕ· ¥ßº≈‚¥¬„™â Microsoft visual basic 2015 ‰¥âÀπâ“®Õ‡ªìπ¥—ß¿“æ∑’Ë 12

¿“æ∑’Ë 12 º≈≈—æ∏å∑’Ë‰¥â®“°«‘¥’‚Õ 5 §Õ≈—¡πå∑’Ë 1 §◊Õ‡ø√¡∑’Ë §Õ≈—¡πå∑’Ë 2 §◊Õ  ∂“π–¢Õß¥«ßμ“ true =
‡ªî¥ false = ªî¥ §Õ≈—¡πå∑’Ë 3 §◊Õ §à“«—¥Õ“°“√ßà«ßπÕπ (peakdow)

°”Àπ¥§à“«—¥Õ“°“√ßà«ßπÕπ (peakdow) ‡√‘Ë¡μâπ‡∑à“°—∫ 0 ∂â“μ“‡ªî¥§à“ ∂“π–¥«ßμ“‡ªìπ
true ·≈–§à“ peakdow ®–≈¥≈ß·μà‰¡àμË”‰ª°«à“ 0 ·μà∂â“μ“ªî¥§à“ ∂“π–¥«ßμ“®–‡ªìπ false §à“ peakdow
®–‡æ‘Ë¡¢÷Èπ ∂â“§à“ peakdow ≥ 28 °Á®–°”Àπ¥§à“ soundop ‡ªìπ true ¥—ß¿“æ∑’Ë 13 (‚¥¬μ—«·ª√ limitofdow
‡ªìπ§à“ threshold) ·≈â«‰ª‡√’¬° method soundbeepp ®–¡’°“√ àß‡ ’¬ß —≠≠“π‡μ◊Õπ„π√–¬–‡«≈“ 1000
milliseconds ·≈–∑”°“√À¬ÿ¥√Õ‡ªìπ‡«≈“Àπ÷Ëß ‚¥¬‡«≈“√Õ®–≈¥≈ß·ª√º—πμ“¡§à“ peakdow
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¿“æ∑’Ë 13  ‚§â¥°“√À“§à“ ∂“π–¥«ßμ“

 √ÿª·≈–«‘®“√≥åº≈°“√∑¥≈Õß
º≈§«“¡·¡àπ¬”¢Õß°“√·¬°·¬– ∂“π–¥«ßμ“«à“‡ªî¥-ªî¥

°“√μ√«® Õ∫°“√·¬°·¬– ∂“π–¥«ßμ“π—ÈπÕ¬Ÿà∑’Ë§«“¡∂Ÿ°μâÕß¢Õß°“√·¬°·¬– ’º‘« ‚¥¬ºŸâ«‘®—¬
∑¥ Õ∫™à«ß¢Õß ’º‘«‡ªìπ 3 ™à«ß¥—ß‰¥â°≈à“«‰ª·≈â« º≈∑’Ë‰¥â®“°‚ª√·°√¡¡“μ√«® Õ∫°—∫§à“®√‘ß®–‰¥â§à“
§«“¡·¡àπ¬”¥—ßμ“√“ß∑’Ë 1 ‚¥¬

Accuracy §◊Õ §à“§«“¡∂Ÿ°μâÕß∑’Ë‚ª√·°√¡ª√–¡«≈ÕÕ°¡“‰¥â∂Ÿ°μâÕß
Precision = Accuracy *100 / ®”π«π‡ø√¡

μ“√“ß∑’Ë 1  º≈§«“¡·¡àπ¬”¢Õß°“√μ—¥ ‘π°“√‡ªî¥-ªî¥¥«ßμ“

√“¬ß“π°“√μ√«®º≈°“√μ—¥ ‘π°“√‡ªî¥-ªî¥¢Õß¥«ßμ“

™à«ß∑’Ë 1 ™à«ß∑’Ë 2 ™à«ß∑’Ë 3

«‘¥‘‚Õ ®”π«π §«“¡ º≈°“√ª√–‡¡‘π §«“¡ º≈°“√ª√–‡¡‘π §«“¡ º≈°“√ª√–‡¡‘π §«“¡·¡àπ¬”(%)
∑’Ë ‡ø√¡ ¬“« ®“°‚ª√·°√¡ ·¡àπ¬”(%) ®“°‚ª√·°√¡ ·¡àπ¬”(%) ®“°‚ª√·°√¡ (Precision)

(«‘π“∑’) ∂Ÿ° º‘¥ (Precision) ∂Ÿ° º‘¥ (Precision) ∂Ÿ° º‘¥
(accur (accur (accur
acy) acy) acy)

1 48 16 26 22 54.17 32 16 66.67 45 3 93.75

2 52 17 49 3 94.23 50 2 96.15 46 6 88.46

3 42 14 17 25 40.48 18 24 42.86 33 9 78.57

4 77 24 33 44 42.86 33 44 42.86 56 21 72.73

5 46 14 41 5 89.13 40 6 86.95 41 5 89.13

6 83 25 50 33 60.24 51 32 61.45 80 3 96.39

7 70 23 56 14 80.00 58 12 82.86 54 16 77.14

8 63 19 30 33 47.62 27 36 42.86 52 11 82.54

9 47 14 32 15 68.09 25 22 53.19 24 23 51.06

§à“‡©≈’Ë¬ 64.09 63.98 81.08

§à“‡©≈’Ë¬√«¡ 69.71
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º≈§«“¡·¡àπ¬”¢Õß°“√μ—¥ ‘πÕ“°“√ßà«ßπÕπ
®“°°“√∑¥ Õ∫‚ª√·°√¡®“°®”π«π«‘¥’‚Õ∑—ÈßÀ¡¥ 9 §≈‘ª  “¡“√∂À“§«“¡·¡àπ¬”¢Õß°“√

μ—¥ ‘πÕ“°“√ßà«ßπÕπ‰¥â ‚¥¬„™â°“√ª√–‡¡‘πº≈≈—æ∏å®“°‚ª√·°√¡‡ª√’¬∫‡∑’¬∫°—∫º≈≈—æ∏å®√‘ß∑’Ë‡°Á∫®“°§π [7]
´÷Ëßπ‘¬“¡μ—«·ª√‰«â¥—ßπ’È

TP: True Positive §◊Õ  ‘Ëß∑’Ë‚ª√·°√¡∑”π“¬«à“®√‘ß ·≈–§π∫Õ°«à“®√‘ß
TN: True Negative §◊Õ  ‘Ëß∑’Ë‚ª√·°√¡∑”π“¬«à“‰¡à®√‘ß ·≈–§π∫Õ°«à“‰¡à®√‘ß
FP: False Positive §◊Õ  ‘Ëß∑’Ë‚ª√·°√¡∑”π“¬«à“®√‘ß ·≈–§π∫Õ°«à“‰¡à®√‘ß
FN: False Negative §◊Õ  ‘Ëß∑’Ë‚ª√·°√¡∑”π“¬«à“‰¡à®√‘ß ·≈–§π∫Õ°«à“®√‘ß

⋅ Accuracy §◊Õ§à“∑’Ë∫Õ°«à“‚ª√·°√¡ “¡“√∂∑”π“¬‰¥â·¡àπ¬”‡æ’¬ß„¥
Accuracy = (TP + TN) / (TP + FN + TN + FP)

⋅ Recall À√◊Õ True Positive Rate (TPR) §◊Õ §à“∑’Ë∫Õ°«à“‚ª√·°√¡∑”π“¬‰¥â«à“®√‘ß ‡ªìπÕ—μ√“ à«π
‡∑à“‰√¢Õß®√‘ß∑—ÈßÀ¡¥

TPR = TP / (TP + FN)

⋅ True Negative Rate (TNR) §◊Õ §à“∑’Ë∫Õ°«à“‚ª√·°√¡∑”π“¬‰¥â«à“‰¡à®√‘ß ‡ªìπÕ—μ√“ à«π‡∑à“‰√¢Õß®√‘ß
∑—ÈßÀ¡¥

TNR = TN / (TN + FP)

⋅ False Positive Rate (FPR) §◊Õ §à“∑’Ë∫Õ°«à“‚ª√·°√¡∑”π“¬‰¥â«à“®√‘ß ‡ªìπÕ—μ√“ à«π‡∑à“‰√¢Õß‰¡à®√‘ß∑—ÈßÀ¡¥
FPR = FP / (TN + FP)

⋅ False Negative Rate (FNR) §◊Õ §à“∑’Ë∫Õ°«à“‚ª√·°√¡∑”π“¬‰¥â«à“‰¡à®√‘ß ‡ªìπÕ—μ√“ à«π‡∑à“‰√¢Õß®√‘ß
∑—ÈßÀ¡¥

FNR = FN / (TP + FN)

⋅ Precision §◊Õ §à“∑’Ë∫Õ°«à“‚ª√·°√¡∑”π“¬«à“®√‘ß ∂Ÿ°μâÕß‡∑à“‰√

À¡“¬‡Àμÿ : TPR + FNR = 1 ·≈– TNR + FPR = 1

μ“√“ß∑’Ë 2 º≈§«“¡·¡àπ¬”¢Õß°“√μ—¥ ‘πÕ“°“√ßà«ßπÕπ

À¡“¬‡Àμÿ: §à“ TP  ‘Ëß∑’Ë‚ª√·°√¡∑”π“¬«à“®√‘ß·≈–§π∫Õ°«à“®√‘ß„π«‘¥’‚Õ 3 ·≈– 4 ‡ªìπ 0 „π™à«ß∑’Ë 1 ·≈– 2 ‡æ√“–‚ª√·°√¡
∑”π“¬«à“μ“ªî¥·≈–§π∫Õ°«à“μ“ªî¥ · ¥ß¥—ß¿“æ∑’Ë 14 ·≈– 15

«‘¥‘‚Õ
«‘¥‘‚Õ1
«‘¥‘‚Õ2
«‘¥‘‚Õ3
«‘¥‘‚Õ4
«‘¥‘‚Õ5
«‘¥‘‚Õ6
«‘¥‘‚Õ7
«‘¥‘‚Õ8
«‘¥‘‚Õ9

TP
14
27
0
0
17
13
26
19
22

FN
12
22
17
33
23
37
30
11
8

TN
16
0
24
44
1
33
14
15
2

FP
6
3
1
0
5
0
0
16
15

precision
07
09
0
0

0.77
1
1

0.54
0.58
0.611
61.1

Accuracy
0.62
0.51
0.57
0.57
0.39
0.56
0.57
0.55
0.51
0.537
53.7

TPR
0.53
0.56
0
0

0.42
0.26
0.46
0.63
0.73
0.397
39.7

TNR
0.72
0

0.96
1

0.16
1
1

0.48
0.11
0.603
60.3

FPR
0.27
1

0.04
0

0.83
0
0

0.51
0.88
0.392
39.2

FNR
0.46
0.44
1
1

0.57
0.74
0.53
0.36
0.26
0.596
59.6

«‘¥‘‚Õ
«‘¥‘‚Õ1
«‘¥‘‚Õ2
«‘¥‘‚Õ3
«‘¥‘‚Õ4
«‘¥‘‚Õ5
«‘¥‘‚Õ6
«‘¥‘‚Õ7
«‘¥‘‚Õ8
«‘¥‘‚Õ9

TP
13
22
0
0
16
14
18
0
24

FN
19
28
18
33
28
37
40
27
1

TN
9
1
24
44
2
32
12
36
0

FP
7
1
0
0
0
0
0
0
22

precision
0.65
0.96
0
0
1
1
1
0

0.52
0.568
56.8

Accuracy
0.45
0.44
0.57
0.57
0.39
0.55
0.42
0.57
0.51
0.496
49.6

TPR
0.40
0.44
0
0

0.364
0.27
0.314

0
0.96
0.306
30.5

TNR
0.56
0.5
1
1
1
1
1
1
0

0.784
78.4

FPR
0.43
0.5
0
0
0
0
0
0
1

0.214
21.4

FNR
0.59
0.56
1
1

0.63
0.72
0.68
1

0.04
0.591
69.1

«‘¥‘‚Õ
«‘¥‘‚Õ1
«‘¥‘‚Õ2
«‘¥‘‚Õ3
«‘¥‘‚Õ4
«‘¥‘‚Õ5
«‘¥‘‚Õ6
«‘¥‘‚Õ7
«‘¥‘‚Õ8
«‘¥‘‚Õ9

TP
29
34
14
47
26
42
44
26
3

FN
16
12
19
9
21
38
5
27
21

TN
9
0
9
0
0
3
0
8
21

FP
3
6
0
21
0
0
16
3
2

precision
0.90
0.85
1

0.69
1
1

0.73
0.89
0.6

0.861
86.1

Accuracy
0.66
0.65
0.54
0.61
0.54
0.54
0.67
0.52
0.51
0.582
58.2

TPR
0.64
0.73
0.42
0.83
0.54
0.62
0.89
0.48
0.125
0.575
57.5

TNR
0.75
0
1
0
0
1
0

0.72
0.91
0.486
48.6

FPR
0.25
1
0
1
0
0
1

0.27
0.08
0.40
40

FNR
0.36
0.26
0.57
0.16
0.45
0.47
0.10
0.51
0.87
0.415
41.5

§à“‡©≈’Ë¬
§‘¥‡ªìπ√âÕ¬≈–

§à“‡©≈’Ë¬
§‘¥‡ªìπ√âÕ¬≈–

§à“‡©≈’Ë¬
§‘¥‡ªìπ√âÕ¬≈–

Accuracy ‡∑à“°—∫ 53.7%
TPR ‡∑à“°—∫ 39.7%
TNR ‡∑à“°—∫ 60.3%
FPR ‡∑à“°—∫ 39.2%
FNR ‡∑à“°—∫ 59.5%
Precision ‡∑à“°—∫ 61.1%

Accuracy ‡∑à“°—∫ 49.6%
TPR ‡∑à“°—∫ 30.5%
TNR ‡∑à“°—∫ 78.4%
FPR ‡∑à“°—∫ 21.4%
FNR ‡∑à“°—∫ 69.1%
Precision ‡∑à“°—∫ 56.8%

Accuracy ‡∑à“°—∫ 58.2%
TPR ‡∑à“°—∫ 57.5%
TNR ‡∑à“°—∫ 48.6%
FPR ‡∑à“°—∫ 40%
FNR ‡∑à“°—∫ 41.5%
Precision ‡∑à“°—∫ 85.1%

™à«ß∑’Ë 1 ™à«ß∑’Ë 2 ™à«ß∑’Ë 3
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¿“æ∑’Ë 14  ¿“æ‰∫π“√’Ë∑’Ë¡’§à“¡◊¥‡ªìπ®ÿ¥∑’Ë‡ªìπ ’º‘«·≈–§à“ «à“ß‰¡à„™àº‘«μ“ªî¥ («‘¥’‚Õ∑’Ë 3)

¿“æ∑’Ë 15  ¿“æº≈≈—æ∏å∑’Ë‰¥â®“°°“√ª√–¡«≈º≈¢Õß‚ª√·°√¡μ—¥ ‘π«à“μ“ªî¥ («‘¥’‚Õ∑’Ë 4)

®“°º≈°“√∑¥ Õ∫À“º≈§«“¡·¡àπ¬”¢Õß°“√·¬°·¬– ∂“π–¥«ßμ“«à“‡ªî¥-ªî¥·≈–º≈§«“¡
·¡àπ¬”¢Õß°“√μ—¥ ‘πÕ“°“√ßà«ßπÕπ®–æ∫«à“§à“æ‘ —¬ CbCr ™à«ß∑’Ë 3 ∑’Ë¡’æ‘ —¬§◊Õ 80 < Cb < 120 ·≈–
133 < Cr < 173 ®–¡’§«“¡∂Ÿ°μâÕß∑’Ë ÿ¥

ªí≠À“·≈–·π«∑“ß„π°“√æ—≤π“μàÕ‰ª
ªí≠À“∑’Ë∑”„Àâ‚ª√·°√¡¡’°“√«‘‡§√“–Àå¥«ßμ“º‘¥æ≈“¥¡’¥—ßμàÕ‰ªπ’È
1. ‡π◊ËÕß®“°¡’ªí≠À“‡√◊ËÕß°“√§«∫§ÿ¡§«“¡ «à“ß¢Õß· ß ºŸâ«‘®—¬®÷ß°”Àπ¥¢Õ∫‡¢μ„Àâ· ß∑’Ë‡¢â“

¡“¡’√–¥—∫„°≈â‡§’¬ß ‰¡à‡≈◊Õ°¿“æ∑’Ë¡’∑—Èß¡ÿ¡¡◊¥·≈– «à“ß„π‡«≈“‡¥’¬«°—π
2. «—μ∂ÿ∫π„∫Àπâ“¡’º≈μàÕ§«“¡∂Ÿ°μâÕß„π°“√μ—¥ ‘π„® ‡™àπ §‘È« √‘¡Ωïª“° ¬°μ—«Õ¬à“ß‡™àπ

‡¡◊ËÕμ√«®®—∫„∫Àπâ“·≈â«°”Àπ¥®ÿ¥∑’Ë‰¡à„™à ’º‘« ∂â“¡’Õ¬Ÿà 2 μ”·Àπàß‡√“®–°”Àπ¥«à“‡ªìπ¥«ßμ“ ·μà‡¡◊ËÕ‡®Õ§‘È«
¡—π®–‰¥â ∂“π–‡ªìπ‡ªî¥ ´÷Ëß®√‘ßÊ ·≈â«¥«ßμ“ªî¥ ¥—ß¿“æ∑’Ë 16
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¿“æ∑’Ë 16  ‚ª√·°√¡μ—¥ ‘π ∂“π–¥«ßμ“‰¥â‰¡à∂Ÿ°μâÕß „π°√≥’π’Èμ“ªî¥·μà‚ª√·°√¡μ√«®®—∫‡®Õ§‘È«
®÷ß· ¥ß ∂“π–‡ªìπμ“‡ªî¥

‡π◊ËÕß®“°°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß¢Õß°“√·¬°·¬– ’º‘«π—Èπ ¢÷ÈπÕ¬Ÿà°—∫™à«ß¢Õß YCbCr ·≈–
§ÿ≥¿“æ¢Õß¿“æ¢“«¥” ¥—ßπ—ÈπºŸâ«‘®—¬®÷ß‡ πÕ·π–·π«∑“ß„π°“√æ—≤π“μàÕ‰ª¥—ßπ’È

1. æ—≤π“«‘∏’°“√·¬° ’º‘«¡πÿ…¬å‚¥¬À“™à«ß YCbCr ∑’Ë‡À¡“– ¡°«à“π’È
2. ‡≈◊Õ°§«“¡ ¡∫Ÿ√≥å¢Õß¿“æ¢“«¥”‚¥¬§«√æ‘®“√≥“®“° §«“¡‡«â“·À«àß¢Õß„∫Àπâ“·≈â«‡μ‘¡

¿“æ®ÿ¥¥”·≈–¢“«„π à«π∑’Ë¢“¥À“¬‰ª
3. æ—≤π“‡ªìπ√–∫∫ real time ∫π‚∑√»—æ∑å¡◊Õ∂◊Õ‡æ◊ËÕ„ÀâºŸâ¢—∫¢’Ë “¡“√∂¥“«åπ‚À≈¥‚ª√·°√¡

‰ª„™â‡æ◊ËÕ‡μ◊ÕπºŸâ¢—∫¢’Ë‰¥â∑—π∑à«ß∑’

°‘μμ‘°√√¡ª√–°“»
¢Õ¢Õ∫§ÿ≥ π“¬¿—∑∑‘√—≠ μπª√–‡ √‘∞°ÿ≈ Õ“®“√¬å·≈–‡®â“Àπâ“∑’Ë¿“§«‘™“«‘∑¬“°“√§Õ¡æ‘«‡μÕ√å

§≥–«‘∑¬“»“ μ√å ¡À“«‘∑¬“≈—¬»√’π§√‘π∑√«‘‚√≤ ∑’Ë„Àâ§”·π–π”·≈–™à«¬μ√«®∑“π‡ªìπÕ¬à“ß¥’ ∑”„Àâ
∫∑§«“¡π’È ”‡√Á®≈ÿ≈à«ß‰ª¥â«¬¥’

‡Õ° “√Õâ“ßÕ‘ß
1. Devi, M.S., Choudhari, M.V. and Bajaj, P. 2011. Driver Drowsiness Detection Using Skin

Color Algorithm and Circular Hough Transform.India: N.S.I.T, Ahmadabad. Available from
URL: http://ieeexplore.ieee.org/xpls/abs-all.jsp?arnumber=6120568&tag=1. 15 September
2015.

2. Elgammal, A., Muang, C. and Hu, D. 2011. Skin Detection. Available from URL: http://
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5. Chai, D. and Ngai, K.N. 1999. Face Segmentation Using Skin Color Map in Videophone
Applications. In: IEEE Trans. On Circuits and Systems for video Technology, 9(4). p. 551-564
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