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Evaluation on extraction of pixel-based solar zenith and offnadlr angle for
high spatial resolution satellite imagery
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Abstract

With the launch of Compact Advanced Satellite 500 series of various characteristics and the operation of
KOMPSAT-3/3A, uses of high-resolution satellite images have been continuously increased. Especially, in order
to provide satellite images in the form of ARD (Analysis Ready Data), various pre-processing such as geometric
correction and radiometric correction have been developed. For pre-processing of high spatial satellite imagery,
auxiliary information, such as solar zenith, solar azimuth and offnadir angle, should be required. However,
most of the high-resolution satellite images provide the solar zenith and nadir angle for the entire image as a
single variable. In this paper, the solar zenith and offnadir angle corresponding to each pixel of the image were
calculated using RFM (Rational Function Model) and auxiliary information of the image, and the quality of
extracted information were evaluated. In particular, for the utilization of pixel-based solar zenith and offnadir
angle, pixel-based auxiliary data were applied in calculating the top of atmospheric reflectance, and comparative
evaluation with a single constant-based top of atmospheric reflectance was performed. In the experiments using
various satellite imagery, the pixel-based solar zenith and offnadir angle information showed a similar tendency
to the auxiliary information of satellite sensor, and it was confirmed that the distortion was reduced in the
calculated reflectance in the top of atmospheric reflectance.
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2019/01/11 | 59.9972 | 60.0100 | -0.0128
2018/12/26 | 60.8850 | 60.8800 |  0.005
2018/04/03 | 35.0361 | 34.6500 | 0.3861
RapidEye | 2018/07/15 | 23.5631 | 23.1100 | 0.4531
2018/11/12 | 56.4170 | 55.3700 | 1.0470
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Table 3. Comparative evaluation of offnadir angles by

inverse RFM
offnadir angle (degree)
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2018/04/03 | 3.6299 3.9776 -0.3477

RapidEye | 2018/07/15 | 20.1241 | 19.7654 | 0.3587

2018/11/12 | 10.4628 | 10.1570 | 0.3058
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(c)site 3

(a) site 1

(b) site 2
Fig. 1. Example of Pixel-based TOA reflectance results by
KOMPSAT-3A imagery
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(b) site 2 (c) site 3

(a) site 1
Fig. 2. Example of Pixel-based TOA reflectance results by
RapidEye imagery
52 E

2 Ao §49d] HAREA 5 A 2] Eoko A<
o195 9J5lo] 5 TH91e] Blop A7) 9 He7k AL 7

KOMPSAT-3A 9 RapidEye 9494 o] #-8-3)] 1 11, o]
£9& B ARy, 394 AlsAlel 23
RS- K= H]Jj_o}oi ki L%E FE2H HF A
FP7 AuFo] FARE AL FRIskt B3k 5

4% 2
w3l

01

Z1
=
TOA

i
I

f
é"-: WE io o
b

N oxl L ﬁ mlo e
N

r>“
o

ok
[e}

eflectance=.

—

Table 4. Difference of TOA reflectance according to solar zenith and offnadir angle of KOMPSAT-3A imagery

Minimum value Maximum value Mean value Standard deviation
TOA . TOA . TOA . TOA .
reflectancec Difference reflectancec Difference reflectancec Difference reflectancec Difference
) case 1 1277.50 9376.50 2190.00 2190.00
site 1 8.00 54.75 12.69 378
case2 | 1269.50 9321.75 217731 2177.31
) case 1 1228.50 9234.50 2596.47 2596.47
site 2 -1.00 -4.75 -1.61 -0.46
case2 | 1229.50 9239.25 2598.08 2598.08
) case 1 1352.50 23390.00 2650.62 2650.62
site 3 =175 -136.25 -15.01 -4.45
case2 | 1360.25 23526.25 2665.63 2665.63
TableS. Difference of TOA reflectance according to solar zenith and offnadir angle of RapidEye imagery
Minimum value Maximum value Mean value Standard deviation
TOA . TOA . TOA . TOA .
reflectancec Difference reflectancec Difference reflectancec Difference reflectancec Difference
) case 1 739.60 3618.60 3618.60 487.13
site 1 19.2 95.60 46.12 12.83
case 2 720.40 3523.00 3523.00 474 .31
) case 1 915.40 3611.20 3611.20 399.93
site 2 0.80 0.60 0.22 -0.16
case 2 914.60 3610.60 3610.60 400.09
) case 1 988.80 7188.80 7188.80 433,94
site 3 324 -232.40 -59.50 -14.14
case 2 1021.20 7421.20 7421.20 448.09
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