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ABSTRACT

The researchers, who seek geological and environmental information, depend on the remote
sensing and aerial photographic datum from various commercial satellites and aircraft. However, the a
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dverse weather conditions and the expensive equipment can restrict that the researcher can collect

their data anywhere and any time. To allow for better flexibility,
multi-spectral automatic Aerial photographic system (PKNU 2).

we have developed a compact, a
This system’s Multi-spectral camera

can catch the visible (RGB) and infrared (NIR) bands (3032x2008 pixels) image. Visible and infrared
bands images were obtained from each camera respectively and produced Color-infrared composite

images to be analyzed in the purpose of the environment monitor but that was not very good data.

Moreover, it has a demerit that the stereoscopic overlap area is not satisfied with 60% due to the 12s

storage time of each data, while it was possible that PKNU 2 system photographed photos of great
capacity. Therefore, we have been developing the advanced PKNU 2(PKNU 3) that consists of
color-infrared spectral camera can photograph the visible and near infrared bands data using one

sensor at once, thermal infrared camera, two of 40 G computers to store images, and MPEG board to

compress and transfer data to the computer at the real time and can attach and detach itself to a
helicopter. Verification and calibration of each sensor (REDLAKE MS 4000, Raytheon IRPro) were
conducted before we took the aerial photographs for obtaining more valuable data. Corrections for the

spectral characteristics and radial lens distortions of sensor were carried out.

KEYWORDS : Multi-Spectral Camera, Thermal Infrared Camera, PKNU 3, Calibration.
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FIGURE 1. Multi-spectral aerial photographinc
system(PKNU 3) & platform.
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FIGURE 2. Specification of REDLAKE MS 4000
camera.
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FIGURE 3. Spectral tansmittance and FWHM (Full Width Half Maximum) of RGB/CIR configuration

of REDLAKE MS 4000.
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FIGURE 4. Specification of Raytheon IRPro
thermal IR camera.
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correction.
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FIGURE 6. Lens distortion curve of REDLAKE
MS 4000 camera
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Table 2. Precision

Image precision Xipixel) Yipixel) RMSE

Before correction of lens distoion 09374 08530 091%

After comection of lens distorion 06789 04936 05736
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FIGURE 7. Efficient photographic area in MS
4000 camera
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Table 3. Radiometric correction in each band (RGB)

Ground target

color correction RGB pixel spectral Spectral radiance at each band
factor(CF) values
reflectance(%)
B G R B G R B G R IR B G R IR
Darkskin 067 050 1.70 42 61 33 11 12 22 33 6550.54 5910.4 11653.6 27238.3
Lightskin 062 041 117 131 160 89 32 26 41 48 18476.6 13292.9 21233.9 40462.4
Bluesky 064 041 179 144 125 30 36 20 21 44 20463.2 10117.7 11053.4 36995.7
Foliage 1.37 097 349 56 95 19 30 36 26 52 16859.8 17356.4 13308.1 43257.1
Blueflower 035 020 056 154 137 59 21 11 13 28 12123.7 5816.27 6514.9 22811.3
Bluishgreen 035 025 069 155 183 37 21 18 10 18 12289.5 8728.59 5310.26 15366.2
Moderatered 028 0.14 065 74 83 98 3 5 25 33 4720.16 2504.16 12872.1 27360.3
Purple 067 029 124 69 52 33 18 6 16 39 10473.6 2937.26 8314.75 33037.2
Yellowgreen 0.24 079 136 118 174 60 11 54 32 48 6777.2 26723.4 17053.2 41866.3
Orangeyellow 0.16 0.25 081 81 181 95 5 18 30 40 2970.86 8971.79 15656.9 33408.2
Blue 095 032 139 116 55 11 43 7 6 36 23167.3 3931.41 3387.36 29157.8
Green 0.16 0.31 070 93 150 22 6 13 6 11 3487.69 9313.34 3067.96 10473.2
Red 024 011 084 32 47 109 3 2 36 38 1918.06 1284.68 18662.5 31880.3
Yellow 013 040 080 95 164 109 5 26 34 36 2922.34 12926 17714.1 30083.4
Magenta 022 008 041 128 102 118 11 3 19 21 6146.13 1685.76 9997.59 18108.2
Cyan 074 046 143 173 150 16 50 27 9 26 28686.5 13656.6 4594.45  22778.2
‘White 085 071 068 180 173 177 60 48 47 44 34644.5 24648.8 24497.8 37429.2
Netual8 141 094 163 154 180 97 85 66 62 56 48610.5 33959.9 32490.3 47197.2
Netural6.5 083 055 1.39 145 171 64 47 37 35 32 27061.8 18899.5 18289.7 16717.4
Netural5 1.06 0.84 262 115 1256 37 48 41 38 37 27506.9 20790.7 20048.2 31023.5
Netural3.5 1.00 068 228 064 71 19 25 19 17 15 14039.2 9760.06 9022.75 12664.9
Black 0.39 018 057 26 29 9 4 2 2 3 2380.63 994.472 1169.23 2536.11
Average 061 045 128 107 122 61 26 23 25 34 15104 11555 12996 28266
449 RGBZEE CFROZ 2ol Hed  WEAME Gaingte W#HFo) RGBAES 2
MS4000414 2] W= ¥ CF#E 4% 23, R A& 3T E Fof 3} Gaindte] A3
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g7] @toll sl A5 RYIE RRAREo]l o EAl Rk BAC s Bad = Jo. sk Z+
et glom, Gill=e BW=e CFat2 27 CCDE AR =% & Fo3te] RGBYEHx
7} 045, 0612 G4 #koll i3l A3gkol o ¥ 71 2 23 A4S g5 ¢ Yok
A dehtn 9es & 4+ ok 2, MS4000
ANGA GBMENde] ZEst EnRUGe]l  3) 2™ AN - BF
A ge s e gel g ZEL B A4, 2e 94, B 2AYE, ojadeg
Aoz Uehte e Uit mebd 33BE 2o A4 98 R28L dF v 97
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Table 4. Surveyed temperatures, radiant temperatures, and brightness values(BV)
Concrete(l) Concrete(2) Wall Lane Grass Tree
T IR BY T IR BY T IR BYv T IR BY T IR BY T IR BV
11:50 33.2 32.3 217 36.6 356 153 274 267 73 33.0 321 159 30.7 29.9 124 30.2 294 48
12:05 31.8 31.0 222 36.0 351 162 27.3 26.6 75 325 31.7 155 288 281 119 27.6 269 56
12:20 31.1 30.3 224 351 34.2 193 27.1 264 76 30.8 30.0 105 27.6 26.9 115 26.4 257 49
17:35 28.0 27.3 134 31.3 30.5 107 165 26.3 256 118 25.0 244 48 254 247 56
17:50 27.9 27.2 119 306 29.8 94 174 259 252 101 250 244 56 249 243 78
118:05 27.4 26.7 117 29.3 285 97 157 252 245 85 239 233 49 24.1 235 72
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FIGURE 12. Brightness Values(BV) of objects
on the thermal image

Table 5. Correlation coefficients between surveyed
temperatures and radiant temperatures &
each emissivity of objects

Concrete Concrete

Wall Grass
(1) (2)
Emissivity 0.90 0.71 0.93 097
Correlation

. 0.834 0830 0.889 0.725
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