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Abstract

The paper was a study of automatically positioning of 8 fiducial markson thedigital 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 wer e then implemented and tested on 8-bit gray-scale images with the pixel size
of 15, 30 and 60 micron. The positionsgiven from those method wereinteger and decimal. Theresearch
was also to develop a computer program using C language to calculate the coordinate by center of
gravity, correlation coefficient, and least squaremethods. Then the perfor mancesof 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 asreference the center of fiducial marksfrom least square methods werewithin 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 markswhich wasthe fastest,
whilethecorrelation coefficient method and least squaremethodsneeded 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.
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Table 1. Result coordinate of fiducial marks by center of gravity method.

Position of Coordinate of fiducial mark (pixel)

fiducial Resolution 15 pm Resolution 30 pm Resolution 60 pm

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

Position of Coordinate of fiducial mark (pixel)

fiducial Resolution 15 um Resolution 30 um Resolution 60 pm

marks Row Column r Row Column r Row Column r
7 33 33 08 17 17 0.8 9 9 08
3 32 7561 0.7 17 3,781 0.8 9 1891 0.7
5 33 15,088 0.7 17 7,545 0.8 9 3,773 08
2 7,560 34 07 3781 17 0.7 1,891 9 09
1 7,560 15088 0.8 3,781 7544 07 1,891 3773 08
6 15,087 34 07 7544 17 0.7 3,773 9 07
4 15,087 7561 07 7544 3,781 0.7 3,773 1891 0.7
8 15,087 15088 0.7 7,544 7544 07 3,773 3,773 0.7

*r = Correlation coefficient

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

Position of Coordinate of fiducial mark (pixel)

fiducial Resolution 15 um Resolution 30 um Resolution 60 wm

marks Row Column r Row Column r Row Column r
7 33.25 3275 08 16.75 1650 0.8 8.75 850 08
3 31.75 756125 0.8 1575 3,780.75 0.8 875 1,890.25 0.7
5 32.75 15,087.75 0.8 16.75 754450 0.8 875 377250 08
2 7,560.25 3350 08 3,780.50 16.75 0.7 1,891.25 850 08
1 7,560.50 15,088.25 0.7 3,780.25 754450 0.8 1,891.25 3,772.75 0.7
6 15,088.25 3325 08 7,544.25 16.75 0.8 3,772.50 875 08
4 1508825 7,56.50 0.7 7,54425 378025 0.8 3,77250 1,890.25 0.8
8 15,088.25 15,087.75 08 7,543.75 7,54425 0.7 3,77250 3,77275 08

*r = Correlation coefficient
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Table 4. Result coordinate of fiducial marks by least square method.

Position of Coordinate of fiducial mark (pixel)

fiducial Resolution 15 um Resolution 30 pm Resolution 60 um

marks Row Column Row Column Row Column
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

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

Position of Coordinate of fiducial mark (pixel)

fiducial Resolution 15 pm Resolution 30 pm Resolution 60 pm

marks Row Column Row Column Row Column
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
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