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Abstract

The paper was a study of automatically positioning of 8 fiducial marks on the digital arial photograph
using image matching technique. Four methods of finding center of fiducial marks were summarized
and evaluated, namely, manual locating, center of gravity, correlation coefficient, and least square
methods. All methods were then implemented and tested on 8-bit gray-scale images with the pixel size
of 15, 30 and 60 micron. The positions given from those method were integer and decimal. The research
was also to develop a computer program using C language to calculate the coordinate by center of
gravity, correlation coefficient, and least square methods. Then the performances of each were compared
considering of precision, time consuming, and reliability. The results revealed that when using
implemented program to calculate the fiducial marks on the digital photo. By using center of gravity
method as reference the center of fiducial marks from least square methods were within 0.2 pixel .The
method of correlation coefficient with sub-pixel accuracy type were within 0.4 pixel. For time
consumption, the center of gravity method took 1.5 second per 8 fiducial marks which was the fastest,
while the correlation coefficient method and least square methods needed 1.7 and 4.2 seconds, respectively.
In term of reliability, the coordinate calculated from center of gravity method was mostly closed to
those from manual locating method and was ausumed to be the most reliable.

∫∑§—¥¬àÕ

°“√À“µ”·Àπàß®ÿ¥¥—™π’‚¥¬Õ—µ‚π¡—µ‘¥â«¬‡∑§π‘§°“√®—∫§Ÿà¿“æ ‡ªìπ°“√»÷°…“‡æ◊ËÕÀ“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß

®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥∫π¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢¥â«¬«‘∏’µà“ß Ê 4 «‘∏’§◊Õ «‘∏’°“√°”Àπ¥‡Õß¥â«¬¡◊Õ, «‘∏’°“√

«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß «‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å ·≈–«‘∏’°“√≈’ ∑å ·§«√å ‚¥¬„™â«—¥

®ÿ¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’¢Õß¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢™π‘¥¿“æ¢“«¥” 8 ∫‘µ ‚¥¬¿“æ∑’Ë„™â¡’§«“¡

≈–‡Õ’¬¥¢Õß®ÿ¥¿“æ‡ªìπ 15, 30 ·≈– 60 ‰¡§√Õπ º≈≈—æ∏å∑’Ë‰¥â®–‡ªìπ§à“µ”·Àπàß´÷Ëß¡’∑—Èß·∫∫®”π«π‡µÁ¡

·≈–·∫∫®”π«π∑»π‘¬¡¢Õß®ÿ¥¿“æ „π°“√«‘®—¬‰¥â∑”°“√æ—≤π“‚ª√·°√¡‡æ◊ËÕ§”π«≥À“§à“æ‘°—¥®“°«‘∏’
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°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß «‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å ·≈–«‘∏’°“√≈’ ∑å ·§«√å¥â«¬¿“…“ ’́

º≈≈—æ∏å∑’Ë‰¥â®–∂Ÿ°π”¡“‡ª√’¬∫‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’¥â«¬«‘∏’®ÿ¥»Ÿπ¬å∂à«ß ·≈–¡’°“√

‡ª√’¬∫‡∑’¬∫ ¡√√∂π–¢Õß«‘∏’°“√µà“ß Ê „π·ßà¢Õß§«“¡∂Ÿ°µâÕß∑“ßµ”·Àπàß ‡«≈“„π°“√ª√–¡«≈º≈·≈–

§«“¡πà“‡™◊ËÕ∂◊Õ¢Õß‚ª√·°√¡  º≈®“°°“√∑¥ Õ∫æ∫«à“ ‡¡◊ËÕ„™â‚ª√·°√¡∑’Ëæ—≤π“¢÷Èπ‡æ◊ËÕ§”π«≥À“§à“

æ‘°—¥∑’Ë‡ªìπµ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’‚¥¬Õ—µ‚π¡—µ‘°—∫¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢ æ∫«à“ §«“¡·µ°µà“ß

¢Õß§à“æ‘°—¥∑’Ë‰¥â®“°«‘∏’°“√≈’ ∑å ·§«√å¡’§«“¡„°≈â‡§’¬ß°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß ‚¥¬¡’

§«“¡·µ°µà“ß‡∑à“°—∫ 0.2 ®ÿ¥¿“æ √Õß≈ß¡“§◊Õ«‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å·∫∫ Sub pixel ¡’

§«“¡·µ°µà“ß‡∑à“°—∫ 0.4 ®ÿ¥¿“æ „π·ßà¢Õß‡«≈“∑’Ë„™â„π°“√ª√–¡«≈º≈«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß

®ÿ¥»Ÿπ¬å∂à«ß„™â‡«≈“πâÕ¬∑’Ë ÿ¥ √Õß≈ß¡“°Á§◊Õ«‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å·≈–«‘∏’°“√≈’ ∑å ·§«√å ‚¥¬

‡«≈“∑’Ë„™â ”À√—∫·µà≈–«‘∏’‡ªìπ 1.5, 1.7 ·≈– 4.2 «‘π“∑’µàÕ∑—Èß 8 ®ÿ¥¥—™π’∫π¿“æ∂à“¬∑“ßÕ“°“» µ“¡≈”¥—∫

„π·ßà¢Õß§«“¡πà“‡™◊ËÕ∂◊Õ§à“æ‘°—¥¢Õß®ÿ¥¥—™π’∑’Ë‰¥â®“°«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß ¡’§«“¡„°≈â‡§’¬ß

°—∫«‘∏’°“√°”Àπ¥¥â«¬¡◊Õ¡“°°«à“«‘∏’Õ◊Ëπ Ê

∫∑π”

®“°‡¥‘¡°“√ ”√«®¥â«¬¿“æ∂à“¬∑’Ë„™â¿“æ∂à“¬®“°

øî≈å¡·≈–∑”°“√√à“ß‡ªìπ·ºπ∑’Ë‚¥¬‡§√◊ËÕß√à“ß·ºπ∑’Ë

‚¥¬¡πÿ…¬å ªí®®ÿ∫—π°Á‡ª≈’Ë¬π‡ªìπß“π ”√«®¿“æ∂à“¬

∑“ßÕ“°“»‡™‘ß‡≈¢ (digital photogrammetry) ‚¥¬

Õ“»—¬¿“æ∂à“¬‡™‘ß‡≈¢ (digital image) · ¥ß

√Ÿª≈—°…≥å«—µ∂ÿ·≈–æ◊Èπº‘«¢Õß¿“æµ“¡§à“§«“¡ «à“ß

¿“æ∑’Ë‰¥â®“°°“√ –∑âÕπ¢Õß§≈◊Ëπ·¡à‡À≈Á°‰øøÑ“

·≈â«∑”°“√«‘‡§√“–Àå‚¥¬„™â‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å

§≈â“¬°—∫°“√°√–∑”¢Õß¡πÿ…¬å¥â“π°“√¡Õß‡ÀÁπ

(vision) ·≈–°“√√—∫√Ÿâ (recognition) (Kraus and

Waldhaust, 1993) ÷́Ëß§à“§«“¡ «à“ß¢Õß¿“æ∂à“¬

‡™‘ß‡≈¢‡ªìπ§à“∑’Ë®—¥‡°Á∫„π®ÿ¥¿“æ (pixel) ·µà≈–®ÿ¥

‰ªµ“¡·π«πÕπ·≈–·π«µ—Èß∑’Ë¡’≈—°…≥–‡ªìπ¿“æ

·∫∫√“ ‡µÕ√å (raster) (Jensen, 1980)

®“°‡∑§‚π‚≈¬’∑’Ë∑—π ¡—¬π’È ∑”„Àâ°“√ ”√«®

¥â«¬¿“æ∂à“¬ “¡“√∂„™â¿“æ∂à“¬‡™‘ß‡≈¢„π√Ÿª

¥‘®‘µÕ≈∑”°“√«‘‡§√“–Àå‰¥âÕ¬à“ß√«¥‡√Á«‚¥¬‡§√◊ËÕß

§Õ¡æ‘«‡µÕ√å „π°“√«‘‡§√“–Àå¿“æ∂à“¬‡™‘ß‡≈¢‡æ◊ËÕ

∑”°“√À“§«“¡ —¡æ—π∏å√–À«à“ßæ‘°—¥¿“æ°—∫æ‘°—¥

¿“æ‡™‘ß‡≈¢ ®–∑”„Àâ°“√∑”ß“π “¡“√∂·ª≈ß§à“

æ‘°—¥¿“æ‡™‘ß‡≈¢‰ª‡ªìπæ‘°—¥¿“æ‰¥âÕ¬à“ß∂Ÿ°µâÕß∫π

¿“æ∂à“¬®“°®ÿ¥¥—™π’ (fiducial mark) ∑’Ë°”Àπ¥Õ¬Ÿà

µ“¡∫√‘‡«≥¡ÿ¡·≈–¢Õ∫¢Õß¿“æ∑’Ë®–·µ°µà“ß°—π‰ª

µ“¡°≈âÕß·µà≈–·∫∫ ‚¥¬∑’Ë®ÿ¥¥—™π’¡—°®–¡’√Ÿª√à“ß
·≈–µ”·Àπà ß∑’Ë ßà “ ¬µà Õ°“√§âπÀ“·≈–∑”°“√
«‘‡§√“–Àå‡æ◊ËÕÀ“§«“¡ —¡æ—π∏å√–À«à“ßæ‘°—¥¿“æ°—∫
æ‘°—¥¿“æ‡™‘ß‡≈¢ (Schickler et al., 1996) ¥—ßπ—Èπ
°“√À“§«“¡ —¡æ—π∏å¢Õß¿“æ Õß¿“æ‚¥¬«‘∏’°“√
®—∫§Ÿà®–∑”„Àâ‡√“ “¡“√∂ À“µ”·Àπàß¢Õß®ÿ¥¥—™π’
‰¥âÕ¬à“ß∂Ÿ°µâÕß·≈–√«¥‡√Á«

¥—ßπ—Èπ„πß“π«‘®—¬π’È ®–∑”°“√»÷°…“°“√À“§à“
æ‘°—¥·≈–µ”·Àπàß¢Õß®ÿ¥¥—™π’®“°°≈ÿà¡¢Õß®ÿ¥¿“æ
‚¥¬Õ—µ‚π¡—µ‘ ®“°®ÿ¥¥—™π’∑’Ë¡’§ÿ≥ ¡∫—µ‘ §◊Õ 1) ¡’
≈—°…≥–∑’Ë·πàπÕπ„π·µà≈–¿“æ∂à“¬¢Õß°≈âÕß·µà≈–
™π‘¥ 2) ¡’§«“¡™—¥‡®π∫π®ÿ¥ßà“¬µàÕ°“√∑¥ Õ∫
¥â«¬∑ƒ…Æ’µà“ß Ê ‡æ◊ËÕÀ“µ”·Àπàß§à“æ‘°—¥¢Õß®ÿ¥
¥—™π’‚¥¬«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß «‘∏’
 À —¡æ—π∏å ·≈–«‘∏’≈’ ∑å ·§«√å

«—µ∂ÿª√– ß§å¢Õß°“√«‘®—¬

„π°“√»÷°…“«‘®—¬¡’«—µ∂ÿª√– ß§å¥—ßµàÕ‰ªπ’È
1. ‡æ◊ËÕÀ“µ”·Àπàß§à“æ‘°—¥¢Õß®ÿ¥¥—™π’‚¥¬«‘∏’

°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß «‘∏’ À —¡æ—π∏å
·≈–«‘∏’≈’ ∑å ·§«√å

2. ‡æ◊ËÕ»÷°…“‡ª√’¬∫‡∑’¬∫°“√®—∫§Ÿà¿“æ‡™‘ß
 ¡√√∂π–

3. ‡æ◊ËÕµ√«® Õ∫°“√§”π«≥‚¥¬°“√ª√–‡¡‘π
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º≈‡ª√’¬∫‡∑’¬∫®“°°“√„™â«‘∏’µà“ß Ê „π°“√®—∫§Ÿà

¿“æ∂à“¬

≈—°…≥–¢Õß®ÿ¥¥—™π’

„π à«π¢Õß¿“æ∑’Ë„™â„π°“√∑”°“√«‘®—¬®–¡’Õ¬Ÿà

2 ·∫∫§◊Õ ¿“æ Target matrix ·≈–¿“æ Search

martix ‚¥¬√Ÿª¿“æ∑’Ë‡ªìπµ”·Àπàß¢Õß®ÿ¥¥—™π’∑’Ë

‡ªìπ‡ªÑ“À¡“¬„π°“√À“§à“æ‘°—¥‡√’¬°«à“ Search matrix

 à«π√Ÿª¿“æ∑’Ë‡ªìπ∫√‘‡«≥∑’Ë¡’≈—°…≥–§≈â“¬°—∫¿“æ

Search matrix ¢Õß®ÿ¥¥—™π’∑’Ë¡’¢π“¥¿“æ‡≈Á°°«à“

‡√’¬°«à“ Target matrix (√Ÿª∑’Ë 1)

Õÿª°√≥å·≈–«‘∏’°“√

„π°“√«‘®—¬π’È®–∑”°“√‡¢’¬π‚ª√·°√¡‚¥¬¿“…“´’ ‡æ◊ËÕ

∑’Ë®–„™â„π°“√ª√–¡«≈º≈‡æ◊ËÕÀ“§à“§«“¡ —¡æ—π∏å

√–À«à“ß¿“æ∂à“¬‡™‘ß‡≈¢∑—Èß Õß¿“æ∑’Ë®–∑”°“√®—∫§Ÿà

‡æ◊ËÕ°“√À“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’¢Õß

¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢®“°«‘∏’°“√∑“ß∑ƒ…Æ’

·∫∫µà“ß Ê (Schickler et al., 1996) ¥—ßπ’È

1) °“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß

(Center of gravity methods, cg)

2) °“√§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï  —¡æ—π∏å

(correlation coefficient, r)

3) °“√§”π«≥‚¥¬«‘∏’°“√≈’ ∑å ·§«√å

(Least Square Method, LSM)

‡æ◊ËÕ∑”„Àâ‡√“‰¥âµ”·Àπàß¢Õß®ÿ¥¥—™π’∑’Ë¥’∑’Ë ÿ¥

‚¥¬«‘∏’°“√§”π«≥·µà≈–«‘∏’ ´÷Ëß®–∑”„Àâ‡√“∑√“∫

º≈ÕÕ°¡“‡ªìπµ—«‡≈¢∑’Ë· ¥ßµ”·Àπàß‡ªìπ§à“¢Õß®ÿ¥

¿“æ∑“ß·π«πÕπ·≈–·π«µ—Èß¢Õß¿“æ∂à“¬∑“ßÕ“°“»

Figure 1. Target matrix and Search matrix.

‡™‘ ß ‡≈¢ ®“°®ÿ¥¥—™π’¢Õß¿“æ∂à“¬∑’ËÕ¬Ÿà

∫√‘‡«≥√Õ∫ Ê ¢Õß¿“æ∂à“¬∑“ßÕ“°“»‡æ◊ËÕπ”‰ª„™â

„π°“√À“§à“æ‘°—¥∫π¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢

µàÕ‰ª

Õÿª°√≥å∑’Ë„™â„π°“√«‘®—¬

Õÿª°√≥å∑’Ë„™â„π°“√«‘®—¬§√—Èßπ’Èª√–°Õ∫‰ª¥â«¬

1. ‡ § √◊Ë Õ ß § Õ ¡æ‘ « ‡ µ Õ √å „ π ° “ √ ‡ ¢’ ¬ π

‚ª√·°√¡·≈–∑”ª√–¡«≈º≈®“°°“√À“§«“¡

 —¡æ—π∏å√–À«à“ß¿“æ∑—Èß Õß®–„™â·∫∫∑’Ë¡’§«“¡‡√Á«

¢Õß´’æ’¬Ÿ√–¥—∫ Pentium III 500 MHz ¢÷Èπ‰ª¡’

Àπà«¬§«“¡®”Õ¬à“ßπâÕ¬ 256 Mbyte

2. ´Õøµå·«√å„π°“√‡¢’¬π‚ª√·°√¡·≈–

ª√–¡«≈º≈

3. µ”√“·≈–‡Õ° “√∑’Ë „™â „π°“√Õâ “ßÕ‘ß

∑ƒ…Æ’∑’Ë®–„™â‡¢’¬π‚ª√·°√¡

4. ¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢∑’Ë¡’§«“¡‡∑“

256 √–¥—∫ (8 ∫‘µ) ∑’ËÕ¬Ÿà„π‰ø≈å√Ÿª·∫∫ Bitmap

(BMP) ‚¥¬¡’§«“¡≈–‡Õ’¬¥ 15 ‰¡§√Õπ ¢π“¥

¢Õß¿“æ 15,232 x 15,232 ®ÿ¥¿“æ 30 ‰¡§√Õπ

¢π“¥¢Õß¿“æ 7,680 x 7,680 ®ÿ¥¿“æ ·≈– 60

‰¡§√Õπ ¢π“¥¢Õß¿“æ 3,840 x 3,840 ®ÿ¥¿“æ

Õ’°∑—Èß¿“æ Target matrix ¡’§«“¡≈–‡Õ’¬¥ 15

‰¡§√Õπ¢π“¥¢Õß¿“æ 19 x 19 ®ÿ¥¿“æ 30 ‰¡§√Õπ

¢π“¥¢Õß¿“æ 9 x 9 ®ÿ¥¿“æ ·≈– 60 ‰¡§√Õπ

¢π“¥¢Õß¿“æ 5 x 5 ®ÿ¥¿“æ (√Ÿª∑’Ë 2-3)

«‘∏’°“√À“µ”·Àπàß¢Õß®ÿ¥¥—™π’‚¥¬°“√ª√–¡«≈º≈

¥â«¬‚ª√·°√¡ (Jinag et al., 2001)

1. ∑”°“√°”Àπ¥¢Õ∫‡¢µ¢Õß®ÿ¥¥—™π’∑—Èß

8 ®ÿ¥∫π¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢∑’Ë∑”°“√ Search

®“°¢π“¥¢Õß¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢∑’Ë∑√“∫

‚¥¬ª√–¡“≥ ´÷Ëßµ”·Àπàß¢Õß®ÿ¥¥—™π’∑’ËÕ¬Ÿà∫√‘‡«≥

¡ÿ¡¢Õß¿“æ∂à“¬®–„™â¢π“¥¢Õß¿“æ∂à“¬∑’Ë‡√‘Ë¡µâπ

»Ÿπ¬å·≈–¢π“¥∑—ÈßÀ¡¥¡“°”Àπ¥µ”·Àπàß‚¥¬

ª√–¡“≥  à«π®ÿ¥¥—™π’∑’ËÕ¬Ÿà∫√‘‡«≥°÷Ëß°≈“ß¿“æ®–

„™â¢π“¥¢Õß¿“æÀ“√ Õß¡“°”Àπ¥µ”·Àπàß‚¥¬

ª√–¡“≥ (√Ÿª∑’Ë 4)

Target matrix Search matrix
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‚¥¬∑’Ë

m, n = ¢π“¥¢Õß¿“æ∂à“¬∑“ßÕ“°“»

‡™‘ß‡≈¢

a, b = ¢π“¥¢Õß¿“æ Search matrix

2. π”¿“æ Target matrix ¡“∑”°“√§âπÀ“

®“°¢Õ∫‡¢µ¢Õß®ÿ¥∑’Ë°”Àπ¥‚¥¬«‘∏’°“√À“§à“

 —¡ª√– ‘∑∏å À —¡æ—π∏å°àÕπ ‡æ◊ËÕÀ“§à“ À —¡æ—π∏å

¡“°∑’Ë ÿ¥¢Õß®ÿ¥∑’Ë‡ªìπµ”·Àπàßæ‘°—¥¢Õß®ÿ¥¥—™π’

(√Ÿª∑’Ë 5)

3. À≈—ß®“°π—Èπ∑”°“√À“§à“æ‘°—¥¢Õß®ÿ¥¥—™π’

‚¥¬«‘∏’°“√«—¥®ÿ¥»Ÿπ¬å∂à«ß

4. ®“°π—Èπ°Á∑”°“√À“§à“æ‘°—¥‚¥¬«‘∏’°“√

≈’ ∑å ·§«√å‚¥¬°“√À“§à“æ“√“¡‘‡µÕ√å∑—Èß 8 §à“·≈â«

π”¡“À“§à“æ‘°—¥¢Õß®ÿ¥¥—™π’

∑ƒ…Æ’°“√®—∫§Ÿà¿“æ

¿“æ∑’Ë‡ªìπ∫√‘‡«≥®ÿ¥¥—™π’∑’Ë π„®∑—Èß Õß¿“æ §◊Õ

Target matrix ·≈– Serach matrix ∑’Ë¡’≈—°…≥–

§≈â“¬§≈÷ß°—π·≈–§«“¡ «à“ß„°≈â‡§’¬ß°—π·µà¡’¢π“¥

µà“ß°—π °Á “¡“√∂∑’Ë®–π”¡“À“§«“¡ —πæ—π∏å¢Õß

µ”·Àπàß§à“æ‘°—¥®“°¿“æ Target matrix ‡æ◊ËÕÀ“

µ”·Àπàß∑’Ë‡ªìπ»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’‰¥â®“°¡’ 2 «‘∏’

§◊Õ

°“√À“µ”·Àπàß¢Õß®ÿ¥¥—™π’‚¥¬°“√°”Àπ¥‡Õß

(Manual location)

°“√°”Àπ¥µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’

‚¥¬°“√°”Àπ¥‡Õß ®–∑”‚¥¬°“√„™â ‡§√◊ËÕß

§Õ¡æ‘«‡µÕ√å™à«¬„π°“√· ¥ß¿“æ∂à“¬∑“ßÕ“°“»

‡™‘ß‡≈¢∫πÀπâ“®Õ§Õ¡æ‘«‡µÕ√å ∑”„Àâ°“√· ¥ß

º≈ÕÕ°¡“Õ“®®–¡’§«“¡≈–‡Õ’¬¥∑’Ë¥’À√◊Õ‰¡à¥’¢÷ÈπÕ¬Ÿà

°—∫§«“¡≈–‡Õ’¬¥¢Õß¿“æ·≈–§«“¡≈–‡Õ’¬¥¢Õß

®Õ¿“æ∑’Ë· ¥ßº≈ °“√À“µ”·Àπàß∑”‰¥â‚¥¬°“√

· ¥ßµ”·Àπàß¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢ÕÕ°¡“„Àâ

‡ÀÁπ∫π®Õ¿“æ·≈â«®÷ß∑”°“√ Ÿ́¡‰ª∑’Ëµ”·Àπàß¢Õß

®ÿ¥¥—™π’®π‡¢â“„°≈â®ÿ¥°÷Ëß°≈“ß ‡¡◊ËÕ‡ÀÁπ‡¥àπ™—¥·≈â«

®÷ß∑”°“√™’È‰ª¬—ßµ”·Àπàß°÷Ëß°≈“ß¢Õß®ÿ¥¥—™π’‡æ◊ËÕ

Figure 5. Fiducial mark in target matrix and
                  search matrix.

Figure 2. Image for test.

Target matrix Search matrix.

Figure 3. Target matrix for test resolution at 60,
      30 and 15 µm.

Figure 4. Limits area of fiducial marks for
        search matrix.

4

1

8
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°”Àπ¥µ”·Àπàß¢Õß®ÿ¥∑’Ë„™â‡ªìπµ”·Àπàß»Ÿπ¬å°≈“ß

¢Õß®ÿ¥¥—™π’‚¥¬ª√–¡“≥

° “ √À “µ” ·Àπà ß ¢Õ ß®ÿ ¥ ¥— ™π’ ‚ ¥ ¬Õ— µ ‚π¡— µ‘

(Automatic location) (Jinag et al., 2001)

‡ªìπ°“√À“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’

®“°¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢Õ—µ‚π¡—µ‘ ®“°°“√

§”π«≥‚¥¬„™â Ÿµ√´÷Ëß “¡“√∂π”‰ªª√–¬ÿ°µå„™â„π

°“√ª√–¡«≈º≈‚¥¬°“√„™â‡§√◊ËÕß§Õ¡æ‘«‡µÕ√å

º≈≈—æ∏å∑’Ë‰¥â®–∑”„Àâ°“√§”π«≥¡’§«“¡√«¥‡√Á«

·≈–∂Ÿ°µâÕß¬‘Ëß¢÷Èπ ‡æ◊ËÕ„Àâ‰¥â¡“´÷Ëß§à“µ”·Àπàß

»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’ ‚¥¬§à“µ”·Àπàß»Ÿπ¬å°≈“ß

¢Õß®ÿ¥¥—™π’∑’Ë‰¥â®–¡’∑—Èß∑’Ë‡ªìπ§à“®”π«π‡µÁ¡·≈–

§à“∑’Ë‡ªìπ∑»π‘¬¡ ¢÷ÈπÕ¬Ÿà°—∫«‘∏’°“√∑’Ë„™â„π°“√

§”π«≥´÷Ëß¡’ 3 «‘∏’§◊Õ

° “ √ «— ¥ »Ÿ π ¬å ° ≈ “ ß ¢ Õ ß ®ÿ ¥ »Ÿ π ¬å ∂à « ß

(Center of graviry methods, cg)

‡ªìπ°“√À“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’

®“°¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢∑’Ëµ”·Àπàß»Ÿπ¬å°≈“ß

¢Õß®ÿ¥¥—™π’‡æ’¬ß¿“æ‡¥’¬«∫π¿“æ Search Matrix

∫√‘‡«≥∑’Ë‡ªìπ°÷Ëß°≈“ß¢Õß®ÿ¥¥—™π’ ´÷Ëß«‘∏’°“√§”π«≥

°Á§◊Õπ”§«“¡ «à“ß¢Õß®ÿ¥¿“æ·≈–√–¬–∑“ß·π«

πÕπ·≈–·π«µ—Èß¢Õßµ”·Àπàß®ÿ¥¿“æ·µà≈–®ÿ¥∑’Ë

 —¡æ—π∏å°—∫§«“¡ «à“ß„πæ‘°‡´≈π—Èπ¡“§”π«≥À“

µ”·Àπàß®ÿ¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’¥—ß ¡°“√µàÕ‰ªπ’È

‚¥¬∑’Ë

g(r, c) = §à “ √ – ¥— ∫ § « “ ¡ ‡ ¢â ¡ ¢ Õ ß  ’ ∑’Ë ®ÿ ¥

¿“æ„¥

x(r, c), y(r, c) =  §à“µ”·Àπàß¢Õß®ÿ¥¿“æ∑’ËÕâ“ßÕ‘ß

®“°·°πæ‘°—¥

x, y = §à “ µ” ·Àπà ß ¢ Õ ß ®ÿ ¥ ¿ “ æ∑’Ë ‡ ªì π

µ”·Àπà ß»Ÿπ¬å °≈“ß¢Õß®ÿ ¥¥— ™π’

∑’Ë Õâ “ ßÕ‘ ß® “°·°πæ‘°— ¥∑“ß·π«

πÕπ·≈–·π«µ—Èß

x =
g(r, c)X x(r, c) g(r, c)X y(r, c)Σ

R

r=0
Σ
C

c=0 ,y=
Σ

R

r=0
Σ
C

c=0

g(r, c)Σ
R

r=0
Σ
C

c=0
g(r, c)Σ

R

r=0
Σ
C

c=0

r, c = ®” π « π · ∂ « · ≈ – § Õ ≈— ¡ πå ¢ Õ ß

Targer matrix

´÷Ëßº≈≈—æ∏å∑’Ë‰¥â®“°°“√§”π«≥‚¥¬«‘∏’

°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ßπ’È®–∑”„Àâ‰¥â

µ”·Àπàß¢Õß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’‡ªìπ§à“∑»π‘¬¡

(floating point) ∑—Èß∑“ß·π«µ—Èß·≈–·π«πÕπ

°“√§”π«≥À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å

(correlaton cofficient, r)

°“√§”π«≥À“§«“¡ —¡æ—π∏å¢Õß¿“æ Target

matrix ·≈– Search matrix ®“°§à“§«“¡ «à“ß

·µà≈–®ÿ¥¿“æ ‚¥¬∑’Ë¿“æ Target matrix ®–¡’¢π“¥

§«“¡°«â“ß¬“«¢Õß¿“æ‡≈Á°°«à“¿“æ Search matrix

º≈∑’Ë‰¥â®–· ¥ß„π√Ÿª¢Õß§à“ —¡ª√– ‘∑∏‘Ï À-

 —¡æ—π∏å∑’Ë‰¥â®“°§«“¡ «à“ß¢Õß·µà≈–¿“æ„π®ÿ¥

¿“æ¢Õß∑—Èß 2 π”¡“§”π«≥„π√Ÿª·∫∫¢Õß§à“

standard deviation (σ1 ·≈– σ2) ·≈–§à“ covariance

(σ12) ¥—ß ¡°“√µàÕ‰ªπ’È

‚¥¬∑’Ë§à“

g1(r, c), g2(r, c) = ‡ªìπ§à“√–¥—∫§«“¡‡¢â¡

¢Õß ’∫π®ÿ¥¿“æ∫π Target matrix ·≈–

Seach matrix µ“¡≈”¥—∫

g1, g2 = ‡ªìπ§à “ ‡ ©≈’Ë ¬ ¢Õß°≈ÿà ¡ ®ÿ ¥¿ “æ¢Õß

®ÿ¥¥—™π’¢Õß Target matrix ·≈–

Search matrix

r, c = ®”π«π·∂«·≈–§Õ≈—¡πå¢Õß Template

matrix

À≈—ß®“°°“√§”π«≥ º≈∑’Ë‰¥â∑”„Àâ “¡“√∂

∑√“∫µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’®“°§à “

 À —¡æ—π∏å Ÿß ÿ¥ (r) ∑’Ë¡’§à“Õ¬Ÿà„π™à«ß -1 ∂÷ß 1

®“°¿“æ∂à“¬∑—Èß Õß¿“æ ‚¥¬§à“¢Õßµ”·Àπàß

»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’∑’Ë ¡’ §à “ ‡ªìπ®”π«π‡µÁ¡

(integer)

r =           =

(g(r, c)-g
1
)2 X (g

2
(r, c)-g

2
)2Σ

R

r=0
Σ
C

c=0

(g
1
(r, c)-g

1
) X (g

2
 (r, c)-g

2
)

;-1≥ r ≥ 1
σ12

σ1σ2

Σ
R

r=0
Σ
C

c=0

Σ
R

r=0
Σ
C

c=0



86 °“√À“µ”·Àπàß¢Õß®ÿ¥¥—™π’‚¥¬Õ—µ‚π¡—µ‘¥â«¬‡∑§π‘§°“√®—∫§Ÿà¿“æ

®“°«‘∏’°“√À“§à“ À —¡æ—π∏å¥—ß°≈à“«∑’Ë„Àâº≈

¢Õß§à“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’‡ªìπ®”π«π‡µÁ¡

¥—ßπ—Èπ‡æ◊ËÕ„Àâµ”·Àπàß¢Õß§à“»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’

‚¥¬«‘∏’°“√À“§à“ À —¡æ—π∏å¡’§«“¡≈–‡Õ’¬¥¬‘Ëß¢÷Èπ

´÷Ëß¡’º≈≈—æ∏å‡ªìπ∑»π‘¬¡ °ÁÕ“®®–∑”°“√¢¬“¬¿“æ

„Àâ¡’®”π«π®ÿ¥¿“æ‡æ‘Ë¡¢÷Èπ∫√‘‡«≥®ÿ¥¥—™π’ ‚¥¬«‘∏’

°“√À“§à“ À —¡æ—π∏å ‡™àπ ‡¥‘¡∫√‘‡«≥¥—ß°≈à“«¡’¢π“¥

100 x 100 ®ÿ¥¿“æ ‡¡◊ËÕ∑”°“√¢¬“¬ 8 ‡∑à“®–∑”„Àâ

1 ®ÿ¥¿“æ‡æ‘Ë¡¢÷Èπ‡ªìπ 8 ®ÿ¥¿“æ ¥—ßπ—Èπ °Á®–∑”„Àâ

∫√‘‡«≥¥—ß°≈à“«¡’¢π“¥‡ªìπ 800 x 800 ®ÿ¥¿“æ ´÷Ëß

∑”„Àâ∫√‘‡«≥∑’Ë∑”°“√¢¬“¬µâÕß¡’°“√ ÿà¡√–¥—∫ ’¢÷Èπ

¡“„À¡à‡√’¬°«à“ resampling (Del Poz et al., 1996);

Nearest neighbour, Bilinear interpolation, Bicubic

spline

°“√§”π«≥‚¥¬«‘∏’°“√≈’ ∑å ·§«√å

(Least Square Matching, LSM)

‡ªìπ°“√À“§«“¡ —¡æ—π∏å√–À«à“ß¿“æ 2 ¿“æ

∑’ËµâÕß°“√®—∫§Ÿà ‡æ◊ËÕÀ“µ”·Àπàß¢Õß∫√‘‡«≥∑’Ë¡’§«“¡

 «à“ß„°≈â‡§’¬ß°—π ÷́Ëß®–ª√–°Õ∫‰ª¥â«¬§«“¡

 —¡æ—π∏å 2 ¥â“π §◊Õ §«“¡ —¡æ—π∏å∑“ß¥â“π‡√¢“§≥‘µ

(geometric model) ®“°µ—«·ª√∑—Èß 6 µ—«∑’Ë‰¥â®“°

 ¡°“√ Affine Tranformation ·≈–∑“ß¥â“π§«“¡

 «à“ß (radiometric model) ®“°µ—«·ª√∑—Èß 2 µ—« ́ ÷Ëß

§«“¡ «à“ß¢Õß¿“æ∑’ËÀπ÷ËßÀ√◊Õ∑’Ë‡ªìπ¿“æ Targer

matrix „Àâ‡ªìπ§à“ —ß‡°µ (observation)  à«π§«“¡

 «à“ß„π¿“æ∑’Ë‡ªìπ¿“æ Search matrix „Àâ‡ªìπ§à“§ß∑’Ë

·≈–¢π“¥¢Õß¿“æ∑’Ë∑”°“√À“µ”·Àπàß§à“æ‘°—¥¢Õß

®ÿ¥¥—™π’¢Õß∑—Èß 2 ¿“æ®–¡’¢π“¥‡∑à“°—π Õ’°∑—Èß¡’§à“

§«“¡ «à“ß¢Õß¿“æ∑’Ë„°≈â‡§’¬ß°—π ‡æ◊ËÕ∑’Ë®–∑”°“√

§”π«≥À“µ”·Àπàß¢Õß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’

„Àâ‰¥âº≈≈—æ∏å‡ªìπ§à“µ—«·ª√¢Õß ¡°“√ Affine

Tranformation ∑—Èß 6 §à“∑’Ë®–π”¡“§”π«≥À“

µ”·Àπàß¢Õß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’∑’Ë¡’§à“‡ªìπ∑»π‘¬¡

´÷Ëß°“√À“§«“¡ —¡æ—π∏å¢Õß¿“æ∑—Èß Õß®–‰¥â®“°

°“√ª√—∫·°â ¡°“√¥—ßµàÕ‰ªπ’È

X = a0.x+a1.y+a2 ·≈– Y = b0.x+b1.y+b2

‚¥¬∑’Ë

a0, a1, a2, b0, b1, b2 = §à“æ“√“¡‘‡µÕ√å¢Õß ¡°“√

Affine Tranformation

X, Y = µ”·Àπàß¢Õß®ÿ¥¿“æ„À¡à

x, y = µ”·Àπàß¢Õß®ÿ¥¿“æ‡¥‘¡

Õ’°∑—Èß∂â“¿“æ∑—Èß Õß¡’§«“¡ «à“ß‰¡à‡∑à“°—π°Á®–

∑”°“√ª√—∫§à“§«“¡ «à“ß¢Õß¿“æ®“° ¡°“√

∑”°“√ g2 = r0+r1g2

‚¥¬∑’Ë

r0, r1 = §à“æ“√“¡‘‡µÕ√å„π°“√ª√—∫·°â§«“¡ «à“ß

¢Õß¿“æ

g2 = §«“¡ «à“ß¢Õß¿“æ‡¥‘¡

g2 = §«“¡ «à“ß¢Õß¿“æ„À¡à

º≈°“√∑¥≈Õß

π”º≈∑’Ë‰¥â®“°°“√«‘®—¬¡“∑”°“√∑¥ Õ∫ ‚¥¬°“√

√—π‚ª√·°√¡‡æ◊ËÕª√–¡«≈º≈ ´÷Ëßº≈∑’Ë‰¥â®“°°“√

∑¥ Õ∫§◊Õ§à“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’∫π

¿“æ∂à“¬‡™‘ß‡≈¢∑—Èß 8 ®ÿ¥∫π¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß

‡≈¢∑’Ë¡’§«“¡‡∑“ 256 √–¥—∫ (8 ∫‘µ) ·≈–¡’§«“¡

≈–‡Õ’¬¥ 15, 30 ·≈– 60 ‰¡§√Õπ ‚¥¬§à“æ‘°—¥

¢Õß®ÿ¥¥—™π’∑’Ë‰¥â®“°°“√°”Àπ¥‡Õß¥â«¬¡◊Õ∫π

¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢ ·≈–°“√‡¢’¬π‚ª√·°√¡

‚¥¬¿“…“´’ ‚¥¬«‘∏’°“√®—∫§Ÿà¿“æ 3 «‘∏’ §◊Õ «‘∏’°“√

«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß «‘∏’°“√À“§à“

 —¡ª√– ∑∏‘Ï À —¡æ—π∏å  ·≈–«‘∏’°“√≈’ ∑å ·§«√å

´÷Ëß·µà≈–«‘∏’®–∑”°“√ª√–¡«≈º≈‚¥¬Õ—µ‚π¡—µ‘®π

‡ √Á®·≈â«®÷ß∑√“∫º≈®“°°“√§”π«≥‚¥¬¥Ÿ‰ø≈å∑’Ë‰¥â

∑”°“√∫—π∑÷°º≈°“√∑¥ Õ∫π—Èπ‰«â ‡æ◊ËÕ„Àâ‰¥â¡“´÷Ëß

µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’∫π¿“æ∂à“¬∑“ß

Õ“°“»‡™‘ß‡≈¢„π‚ª√·°√¡°Á®–∑”°“√§”π«≥À“

µ”·Àπàß§à“æ‘°—¥¢Õß»Ÿπ¬å°≈“ß®ÿ¥¥—™π’®“°¿“æ∑’Ë‡ªìπ

Target matrix ∑’Ë‰¥â°”Àπ¥‰«â‡Õß ·≈–¿“æ Search

matrix ∑’Ë„™â‡ªìπ°≈ÿà¡µ—«Õ¬à“ß‡æ◊ËÕ„Àâ‰¥â§à“æ‘°—¥¢Õß

®ÿ¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’ÕÕ°¡“ ‡¡◊ËÕ‰¥â§à“µ”·Àπàß

»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’æ‘°—¥¢Õß·µà≈–®ÿ¥ °Á®–π”¡“
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‡ª√’¬∫‡∑’¬∫‡æ◊ËÕÀ“§«“¡·µ°µà“ß¢Õß§à“§«“¡

º‘¥æ≈“¥¢Õß§à“æ‘°—¥¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥∫π

¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢

º≈∑’Ë‰¥â®“°°“√ª√–¡«≈º≈À“µ”·Àπàß

»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’‚¥¬«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß

®ÿ¥»Ÿπ¬å∂à«ß ‰¥â§à“æ‘°—¥¢Õß®ÿ¥¥—™π’·µà≈–®ÿ¥∫π

¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢‡ªìπ§à“∑»π‘¬¡ (Sub pixel)

∑—Èß 8 ®ÿ¥ ¥—ß· ¥ß„πµ“√“ß∑’Ë 1 ·≈–º≈∑’Ë‰¥â®“°

°“√ª√–¡«≈º≈À“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’

‚¥¬«‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å§à“æ‘°—¥

¢Õß·µà≈–®ÿ¥∑’Ë‰¥â‡ªìπ§à“®”π«π‡µÁ¡ (Full pixel) ∑—Èß

8 ®ÿ¥ ®“°§à“§«“¡ —¡æ—π∏å∑’Ë¡“°∑’Ë ÿ¥∑’Ëæ∫®–„Àâ

µ”·Àπàß»ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’ ¥—ß· ¥ß„πµ“√“ß

∑’Ë 2 ‡¡◊ËÕ∑”°“√¢¬“¬¿“æ Search matrix ∑’Ë‡ªìπ

µ”·Àπàß¢Õß®ÿ¥¥—™π’∫π¿“æ∂à“¬∑—Èß 8 ®ÿ¥„Àâ¡’¢π“¥

4 ‡∑à“¢Õß¢π“¥‡¥‘¡¢Õß¿“æ∑’Ë‰¥âÀ“§à“æ‘°—¥®“°«‘∏’

¢Õß°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å ·≈â«®÷ß

∑”°“√À“µ”·Àπàß®ÿ¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’‚¥¬

«‘∏’°“√À“§à “ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏åÕ’°§√—È ß

(µ“√“ß∑’Ë 3)

º≈®“°°“√ª√–¡«≈º≈À“µ”·Àπàß»Ÿπ¬å°≈“ß

¢Õß®ÿ¥¥—™π’‚¥¬«‘∏’≈’ ∑å ·§«√å§à“æ‘°—¥¢Õß®ÿ¥¥—™π’

·µà≈–®ÿ¥∑’Ë‰¥â‡ªìπ§à“∑»π‘¬¡ (Sub pixel) ∑—Èß 8 ®ÿ¥

®“°°“√ª√—∫·°â‡æ◊ËÕÀ“§à“æ“√“¡‘‡µÕ√å∑—Èß 8 §à“·≈â«

π”¡“§”π«≥À“§à“æ‘°—¥¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥

º≈¥—ß· ¥ß„πµ“√“ß∑’Ë 4

º≈¢Õß®ÿ¥¥—™π’‚¥¬«‘∏’°“√°”Àπ¥¥â«¬¡◊Õ‡Õß

®“°¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢π—Èπ®–∑”„Àâ‡√“∑√“∫

§à“æ‘°—¥‡ªìπ®”π«π‡µÁ¡ (Full pixel) º≈¥—ß· ¥ß„π

µ“√“ß∑’Ë 5

º≈®“°°“√§”π«≥À“§à“æ‘°—¥¢Õß®ÿ¥¥—™π’∑—Èß 8

®ÿ¥∫π¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢ ∑’Ë§«“¡≈–‡Õ’¬¥

15, 30 ·≈– 60 ‰¡§√Õπ æ∫«à“°“√§”π«≥

µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’∑’Ë„Àâ§à“æ‘°—¥·∫∫ Sub

pixel „Àâº≈∑’Ë∂Ÿ°µâÕß¡“°°«à“·∫∫ Full pixel

´÷Ëß«‘∏’°“√∑’Ë‡ªìπ·∫∫ Sub pixel ®–„™â«‘∏’°“√«—¥

»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß «‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï

 À —¡æ—π∏å·∫∫ Sub pixel ·≈–«‘∏’°“√

≈’ ∑å ·§«√å¡“‡ª√’¬∫‡∑’¬∫°—π º≈∑’Ë‰¥â· ¥ß„Àâ

‡ÀÁπ«à“«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß¡’§à“

„°≈â‡§’¬ß°—π¡“°°—∫«‘∏’°“√≈’ ∑å ·§«√å„π¿“æ∂à“¬

∑“ßÕ“°“»‡™‘ß‡≈¢∑’Ë§«“¡≈–‡Õ’¬¥ 15 ·≈– 30

‰¡§√Õπ ‚¥¬®–¡’§«“¡·µ°µà“ß∑’Ë®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥

‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ßÕ¬Ÿà

„π™à«ß√–À«à“ß 0 - 0.01 ®ÿ¥¿“æ ·≈–∑’Ë§«“¡≈–‡Õ’¬¥

60 ‰¡§√Õπ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫«‘∏’°“√≈’ ∑å ·§«√å®–

Table 1. Result coordinate of fiducial marks by center of gravity method.

7 33.02 32.82 16.28 16.22 8.45 8.35

3 31.67 7,561.15 15.63 3,780.36 7.80 1,890.07

5 32.83 15,088.47 16.29 7,544.09 8.78 3,772.49

2 7,560.39 33.59 3,780.02 16.70 1,890.04 8.21

1 7,560.22 15,088.34 3,780.03 7,544.03 1,890.03 3,771.91

6 15,088.14 33.29 7,544.04 16.56 3,772.34 8.58

4 15,088.34 7,561.49 7,543.86 3,780.12 3,771.90 1,890.01

8 15,088.05 15,087.94 7,543.73 7,543.91 3,772.68 3,772.66

Position of

fiducial

marks

Coordinate of fiducial mark (pixel)

Row RowColumn Column Row Column

Resolution 30 µµµµµm Resolution 60 µµµµµmResolution 15 µµµµµm
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¡’§«“¡·µ°µà“ß¢Õß§à“æ‘°—¥∑’Ë®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥‡¡◊ËÕ
‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ßÕ¬Ÿà„π
™à«ß√–À«à“ß 0-0.20 ®ÿ¥¿“æ  à«πº≈¢Õß§à“æ‘°—¥
®“°«‘∏’°“√À“§à“ —¡ª√– ‘∑∏‘Ï À —¡æ—π∏å·∫∫ Sub
pixel ®–¡’§«“¡·µ°µà“ß¢Õß§à“æ‘°—¥∑’Ë®ÿ¥¥—™π’∑—Èß 8
®ÿ¥‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß
„π™à«ß√–À«à“ß 0-0.40 ®ÿ¥¿“æ ∑’Ë§«“¡≈–‡Õ’¬¥ 15,
30 ·≈– 60 ‰¡§√Õπ

∫∑ √ÿª

º≈®“°°“√»÷°…“«‘®—¬æ∫«à“ ®“°°“√ª√–¡«≈º≈¥â«¬

Table 3. Result coordinate of fiducial marks by correlation coefficient type sub pixel method.

7 33.25 32.75 0.8 16.75 16.50 0.8 8.75 8.50 0.8

3 31.75 7,561.25 0.8 15.75 3,780.75 0.8 8.75 1,890.25 0.7

5 32.75 15,087.75 0.8 16.75 7,544.50 0.8 8.75 3,772.50 0.8

2 7,560.25 33.50 0.8 3,780.50 16.75 0.7 1,891.25 8.50 0.8

1 7,560.50 15,088.25 0.7 3,780.25 7,544.50 0.8 1,891.25 3,772.75 0.7

6 15,088.25 33.25 0.8 7,544.25 16.75 0.8 3,772.50 8.75 0.8

4 15,088.25 7,56.50 0.7 7,544.25 3,780.25 0.8 3,772.50 1,890.25 0.8

8 15,088.25 15,087.75 0.8 7,543.75 7,544.25 0.7 3,772.50 3,772.75 0.8

Resolution 30 µµµµµm Resolution 60 µµµµµmResolution 15 µµµµµm

Position of

fiducial

marks

Coordinate of fiducial mark (pixel)

Row Column r Row Column r Row Column r

*r = Correlation coefficient

‚ª√·°√¡µà“ß Ê ‡æ◊ËÕÀ“µ”·Àπàß¢Õß®ÿ¥¥—™π’∑—Èß 8

®ÿ¥ §«“¡∂Ÿ°µâÕß¢Õßµ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥

¥—™π’∑’Ë‰¥â®“°«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß

·≈–«‘∏’°“√≈’ ∑å ·§«√å ®–¡’§à“æ‘°—¥¢Õß®ÿ¥¥—™π’

„°≈â‡§’¬ß°—π·≈–¡’§«“¡·µ°µà“ß°—ππâÕ¬¡“° ‚¥¬

º≈®“°°“√‡ª√’¬∫‡∑’¬∫¡’§«“¡º‘¥æ≈“¥¢Õß§à“æ‘°—¥

¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥ ∫π¿“æ∂à“¬∑“ßÕ“°“»

‡™‘ß‡≈¢„π·µà≈–«‘∏’‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß

¢Õß®ÿ¥»Ÿπ¬å∂à«ß‚¥¬‡©≈’Ë¬‡∑à“°—∫ 0-0.5 ®ÿ¥¿“æ ∑’Ë¡’

§«“¡≈–‡Õ’¬¥ 15  ‰¡§√Õπ  à«π∑’Ë§«“¡≈–‡Õ’¬¥ 30

·≈– 60 ‰¡§√Õπ ®–¡’§«“¡º‘¥æ≈“¥¢Õß§à“æ‘°—¥

Table 2. Result coordinate of fiducial marks by correlation coefficient method.

7 33 33 0.8 17 17 0.8 9 9 0.8

3 32 7,561 0.7 17 3,781 0.8 9 1,891 0.7

5 33 15,088 0.7 17 7,545 0.8 9 3,773 0.8

2 7,560 34 0.7 3,781 17 0.7 1,891 9 0.9

1 7,560 15,088 0.8 3,781 7,544 0.7 1,891 3,773 0.8

6 15,087 34 0.7 7,544 17 0.7 3,773 9 0.7

4 15,087 7,561 0.7 7,544 3,781 0.7 3,773 1,891 0.7

8 15,087 15,088 0.7 7,544 7,544 0.7 3,773 3,773 0.7

Resolution 30 µµµµµm Resolution 60 µµµµµmResolution 15 µµµµµm

Position of

fiducial

marks

Coordinate of fiducial mark (pixel)

Row Column r Row Column r Row Column r

*r = Correlation coefficient
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·≈– Search matrix ¢÷ÈπÕ¬Ÿà°—∫§«“¡≈–‡Õ’¬¥¢Õß

¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢ ´÷Ëß„π°“√ª√–¡«≈º≈

∫π¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢∑’Ë¡’§«“¡≈–‡Õ’¬¥ 15

‰¡§√Õπ „™â‡«≈“„π°“√Õà“π§à“§«“¡ «à“ß¢Õß¿“æ

Target matrix ·≈– Search matrix ‡∑à“°—∫ 16 π“∑’

§«“¡≈–‡Õ’¬¥∑’Ë 30 ‰¡§√Õπ „™â‡«≈“ 3 π“∑’ ·≈–

∑’Ë§«“¡≈–‡Õ’¬¥ 15 ‰¡§√Õπ „™â‡«≈“ 0.30 π“∑’ „π

°“√Õà“π§à“§«“¡ «à“ß¿“æ°àÕπ∑”°“√ª√–¡«≈º≈

À“§à“µ”·Àπàß»Ÿπ¬å°≈“ß¢Õß®ÿ¥¥—™π’ ‡¡◊ËÕ √ÿª‡«≈“

∑’Ë„™â„π°“√ª√–¡«≈º≈À“µ”·Àπàß¢Õß®ÿ¥¥—™π’

·µà≈–«‘∏’„π‚ª√·°√¡¡’§à“¥—ßπ’È «‘∏’°“√°”Àπ¥¥â«¬

Table 4. Result coordinate of fiducial marks by least square method.

7 33.14 33.34 16.57 16.39 8.56 7.89

3 32.15 7,561.09 15.88 3,780.31 8.04 1,889.98

5 33.12 15,088.05 16.46 7,544.04 8.47 3,772.12

2 7,560.33 33.99 3,780.06 16.83 1,890.38 8.29

1 7,560.16 15,088.03 3,780.06 7,543.85 1,890.29 3.771.77

6 15,087.65 33.86 7,543.75 16.88 3,772.29 8.59

4 15,087.52 7,560.76 7,543.68 3,780.20 3772.02 1,890.03

8 15,087.38 15,088.20 7,543.71 7,543.95 3772.67 3,772.58

Resolution 30 µµµµµm Resolution 60 µµµµµmResolution 15 µµµµµm

Position of

fiducial

marks

Coordinate of fiducial mark (pixel)

Row RowColumn Column Row Column

Table 5. Result coordinate of fiducial marks by manual method.

7 33 33 16 16 8 8

3 32 7,561 16 3,781 8 1,890

5 33 15,089 16 7,544 8 3,772

2 7,560 33 3,780 16 1,890 8

1 7,560 15,088 3,780 7,544 1,890 3,772

6 15,088 33 7,544 17 3,772 8

4 15,088 7,561 7,544 3,780 3,772 1,890

8 15,088 15,088 7,544 7,544 3,772 3,772

Resolution 30 µµµµµm Resolution 60 µµµµµmResolution 15 µµµµµm

Position of

fiducial

marks

Coordinate of fiducial mark (pixel)

Row RowColumn Column Row Column

‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß

‚¥¬‡©≈’Ë¬‡∑à“°—∫ 0.2-1 ®ÿ¥¿“æ ·≈–§«“¡∂Ÿ°µâÕß

¢Õß§à“æ‘°—¥¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥ ∑’Ëª√–¡«≈º≈

‚¥¬°“√„™â‚ª√·°√¡®–¡’§«“¡∂Ÿ°µâÕß¡“°‡¡◊ËÕ§à“

æ‘°—¥∑’Ë‰¥â‡ªìπ·∫∫ Sub pixel ÷́Ëß‰¥â®“°«‘∏’°“√«—¥

»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß·≈–«‘∏’°“√≈’ ∑å ·§«√å

‚¥¬¡’§«“¡·µ°µà“ß¢Õß§à“æ‘°—¥‡©≈’Ë¬‰¡à‡°‘π 0.1

®ÿ¥¿“æ‡¡◊ËÕ¿“æ∂à“¬∑“ßÕ“°“»‡™‘ß‡≈¢¡’§«“¡≈–‡Õ’¬¥∑’Ë

15 ·≈– 30 ‰¡§√Õπ Õ’°∑—Èß‡«≈“∑’Ë„™â„π°“√

ª√–¡«≈º≈°Á‰¡à¡’§«“¡·µ°µà“ß°—π¡“°π—° ·µà‡«≈“

∑’Ë„™â„π°“√Õà“π§à“§«“¡ «à“ß¢Õß¿“æ Target matrix
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¡◊Õ∑’Ë§«“¡≈–‡Õ’¬¥ 15 ‰¡§√Õπ „™â‡«≈“ 3.43 π“∑’

∑’Ë§«“¡≈–‡Õ’¬¥ 30 ‰¡§√Õπ „™â‡«≈“ 2.40 π“∑’

·≈–∑’Ë§«“¡≈–‡Õ’¬¥ 60 ‰¡§√Õπ „™â‡«≈“ 2.06 π“∑’

µ“¡≈”¥—∫ «‘∏’°“√°”Àπ¥¥â«¬¡◊Õ·∫∫ sub pixel ‡√‘Ë¡

∑’Ë§«“¡≈–‡Õ’¬¥ 15 ‰¡§√Õπ „™â‡«≈“ 4.23 π“∑’

§«“¡≈–‡Õ’¬¥∑’Ë 30 ‰¡§√Õπ „™â‡«≈“ 3.30 π“∑’

·≈–∑’Ë§«“¡≈–‡Õ’¬¥ 60 ‰¡§√Õπ „™â‡«≈“ 2.56 π“∑’

µ“¡≈”¥—∫ «‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß·≈–

«‘∏’°“√À“§à“ —¡ª√– ‘∑∏å À —¡æ—π∏å®–„™â‡«≈“„π

°“√ª√–¡«≈º≈À“µ”·Àπàß¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥

‡∑à“°—∫ 1.5 ·≈– 1.7 «‘π“∑’ µ“¡≈”¥—∫ ·≈–«‘∏’°“√

≈’ ∑å ·§«√å®–„™â‡«≈“„π°“√ª√–¡«≈º≈ 4.2 «‘π“∑’

‡æ◊ËÕÀ“µ”·Àπàß¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥∫π¿“æ∂à“¬

‡™‘ß‡≈¢

¥—ßπ—Èπ ®“°º≈¢Õß§à“æ‘°—¥∑’Ë‰¥â„π·µà≈–«‘∏’

·≈–√–¬–‡«≈“∑’Ë„™â®–æ∫«à“ ∂â“‰¡à§”π÷ß∂÷ßº≈®“°

°“√‡ªî¥¿“æ Target matrix ·≈– Search matrix Õà“π

§à“§«“¡ «à“ß‡æ◊ËÕ„™âß“π‚ª√·°√¡„π°“√ª√–¡«≈º≈

æ∫«à“«‘∏’°“√§”π«≥·∫∫°“√«—¥»Ÿπ¬å°≈“ß¢Õß

®ÿ¥»Ÿπ¬å∂à«ß®–„Àâº≈¢Õß§à“æ‘°—¥∑’Ë¡’§«“¡∂Ÿ°µâÕß

·≈–√«¥‡√Á«°«à“«‘∏’°“√°”Àπ¥¥â«¬¡◊Õ ‚¥¬§à“æ‘°—¥

¢Õßµ”·Àπàß¢Õß®ÿ¥¥—™π’∑—Èß 8 ®ÿ¥∑’Ë‰¥â®–‡ªìπ

§à“∑»π‘¬¡  à«π«‘∏’∑’Ë √Õß≈ß¡“§◊Õ«‘∏’°“√

≈’ ∑å ·§«√å°Á¡’§«“¡∂Ÿ°µâÕß·≈–√«¥‡√Á«°«à“«‘∏’°“√

°”Àπ¥¥â«¬¡◊Õ‡™àπ°—π ·µà„™â‡«≈“¡“°°«à“‡≈Á°πâÕ¬

‡¡◊ËÕ‡∑’¬∫°—∫«‘∏’°“√«—¥»Ÿπ¬å°≈“ß¢Õß®ÿ¥»Ÿπ¬å∂à«ß
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