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Gray-Scale Targets Method and Reflectance Inversion Validation
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Abstract The accuracy of on-orbit absolute radiometric calibration of optical remote sensors directly affects the
breadth and depth of quantitative applications, and thus the on-orbit vicarious calibration of the reflectance-based,
irradiance-based, and radiance-based methods based on large and uniform sites plays an important role. However,
due to a limited number of sites, low calibration frequency, low site reflectance, and single-point calibration cannot
achieve full dynamic range calibration, the calibration accuracy is limited to 5%—8%. The improvement of the
spatial resolution of optical remote sensors makes it possible for the targets-based absolute radiometric calibration
with good spectral flatness and Lambert property. In this paper, the calibration principle, process and influencing
factors of the gray-scale targets method are studied, and a simplified method for radiative transfer calculation is
proposed. Furthermore, considering the response nonlinearity and dark current of high-resolution multispectral
cameras, we apply the first-order function response model with bias to test a multispectral camera three time and
obtain the calibration gain and bias, with the calibration uncertainty being better than 5%. In addition, the
reflectance inversion validation is carried out on the laid color targets, and the results show that the absolute

difference within 5%-70% reflectance is less than 0.01. In conclusion, the method proposed in this paper can
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realize the absolute radiometric calibration of optical satellite remote sensors in a large dynamic range and solve the

common problem that the accuracy of radiometric calibration is generally not high in low-end quantitative

applications.

Key words remote sensing; radiometric calibration; gray-scale targets; reflectance-based method
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Table 1 Influence of surrounding targets
Wavelength /nm Target reflectance {(p(M)) (o (M) Relative deviation /%

6024 0.169011 0.168476 0. 316884
110 10% 0.166188 0.165146 0.628609
20% 0.161831 0.161817 0. 008710
5% 0.159441 0.159319 0.076292
60 % 0.266634 0.266117 0.193973
670 40% 0.261788 0.260687 0.421173
20% 0. 254559 0. 255258 —0.274280
5% 0. 250898 0.251186 —0. 114580
60% 0.274963 0.274420 0.197776
870 40% 0.269556 0.268385 0.435242
20% 0.261511 0.262350 —0.320310
5% 0.257462 0.257824 —0. 140280
60 % 0.282148 0.281618 0.188101
1020 40% 0. 276555 0. 275399 0.419138
20% 0.268255 0.269180 —0. 344330
5% 0.264102 0.264516 —0. 156430
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B’ 5 HUkR SR Band 1 2.595359 2.967985 13. 396
Fig. 5 Target reflectance Band 2 3. 288545 3. 63666 10. 054
Band 3 2.946425 3.223276 8.975
R2 RARFREEAABENERRR Band 4 3.430652 3.746692 8. 807
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Fig. 6 Reflectance-digital number fitting curve on August 18
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Fig. 8 Reflectance-digital number fitting curve on September 12
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Table 4 Comparison of calibration coefficients obtained by two methods

Gray-scale targets method Large uniform site method calibration Relative
Band calibration coefficient on Sept. 20 coefficient on Sept. 20 (after correction) deviation /%
Band 1 2.595359 2.609543 0. 545
Band 2 3.288545 3.349324 1. 831
Band 3 2.946425 3.005511 1. 985
Band 4 3.430652 3.497758 1.937
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Table 5 Uncertainty analysis of gray-scale targets method ) 1—p.S
Uncertainty factor Relative a4
uncertainty /% W B3R SR TR B B8 A5 05 3 55 A5 09 7 bR AR AR
Calculation of total ground irradiance 3 fﬁ/\ (14) = |:':| I {:‘Eg e AR ﬁ: W s eq % , 34: ;{i} /H\
e ) 547 5 0 AT HOXE L G M
e 1 BN 5 V0 ) — B EL 5 06 B W A )
Others (geometric factors, ete. ) 1 R AE TRl — 52 A8 N, R UE B R B mT A B L AE AN R

Comprehensive uncertainty 4.4 NGV (R

5 SR E I

5.1 REERERIERE
FE R FE X AH HILAE 7R B2 E i 0 4G D -
SRR AR TR A5 2R X2 RO A Il H A A
RIX Ay T ARG S 5 AR B bR 5T 8 B AR R I B
FEAE T B AL PR, AR SR T R A R R LA
S UERUAR I G BEPE . BT AR AR AR AN T
HE KT Y A 3 15 1 45
e 8 H 18 H ik 5, A 5% A BN 78 B i At
Gy AT 1R AR AR 5 32 30 55 4 PR B0 AR S g 32
AR T H &, % R R [ S RE PhAr, H 2l
SRR YR R 4R R AT SRCEE BT 3 H 30 i i s B 32
ERZ IR, M R G AR 0 S S 22 an 181 9 B,

0.9
0.8 red target reflectance -
@ 0.7 e - - -
O 0.6 - = o=
S 0.5 - green target reflectance
o /
& 04 i
K 0.3 /
0.2
0.l e="_ _
0 -
400 500 600 700 800 900 1000

Wavelength /nm

B9 ORI B R

Fig. 9 Reflectance of color target reflectance
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Table 6 Comparison of reflectance inversion results

Band Red target Absolute Green target Absolute

Inversion Measurement difference Inversion Measurement difference
Band 1 0.047843 0. 050505 0.00266 0. 268581 0.277531 0. 00895
Band 2 0.042354 0.049642 0.00729 0.209395 0.213367 0.00397
Band 3 0. 568769 0.565991 0.00278 0.061904 0.062679 0.00078
Band 4 0.663567 0.654416 0.00915 0.196434 0. 198960 0.00253
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