%435 F 18 H1/2023 £ 9 B/ ¥ ¥R

K EHRIK

He T Uk 5 b 5 0 R AL 38 Ik 45 AR5 56 e s U7 13

v A 1,2 1 1* = S 2 AN

BEA REm BAR AR IR LB RER B

Ui R 2 BE A S SRR 5T B & OGRS AL S T, R R AT 230031 ;
A T R EE AR B2 SO TR 22 B, 80 A 230009

ME  GstE br e R s e U AUEAR W T D5 ik A AR A e L AR APt ok E 5t

(CREg

kB 22 vk 36 (75°S, 123°E) Rl #f vk 25 (73. 375°N L, 40°WOVE H AR , th T Ho 3k 4 w8 Gl % K F 2 km) |, 5052 ) KSR 45
N, RERE 15 B AL A B U B GE AR AR A . IR A, KT FE T UL G R A P OGS PRI B A T (A B T A i A
PSP B i o LT 0 AR M S AR T I ORI B UK S s 4 M R LT s 0 A BREL(BRDF ) FlR BB A
R L A 22 5 TR E Ay S TR AR IR 2 A m AR AR DU A (DPC) 48 A7 1) 78 00568 9 iy iz A8 28 47 3k, 45
P 485 08 5 V0 T 3 S T Y A 55 1 S8 A 205 SR W B A R, L R G SR 1 B R B /N o T R T R T A R A A S AT T TR
)4 I 50 A B A B W T 2 0, I B Tl 5 g FH 7 1) e A T

KR R ERR; KRS
FESES P407.4 XHkARERD A

1 51 5

T 1 TR A T X R SR s 2 1 SRR 1 AR
JH A0 I B R 6 el T B v A B 7 T L
B TEYUER EEAR T B eSS e bR
s A bR DA T 9256 SEHEAE S S R T
e bs U B R E A S HREAR B LR EMAE L E
T 7% R A 28 8 IR 1 A 00 I K LA S R AR G
w25 H AR e . B, T AR
B FE I AR s By 0 3 SR 7 0L S R DA
Wik E W TR R AN UEAT A LR O A
1o G 56 1 SRR R 118 A Ak DA T il A2 e R Ak N FH Y
K BB

H oA E PR b4 8T 2R 50 R B bR 03
BRIy ik o AL T 3R PN 0 B B VD EE B b AR = P b
Y SO E BRI 8 bR 5, DA KR ek B vk 1 2
b 3 2 B A E AR B O Tz R R R S bR
W M ER L EAE B K B vk AT R BE 2L vk a5 (75°S,
123°E) M B ML 7K 35 (73.375°NL40°W) , H Rk i EH % %
P51 43 A (0 AR AR, 2 KA/ FLA S Rt
I Ah , Cao 26 F) ¥ 7 LI 58 9L 3% (SeaWiFS) Al i
A3 B8R E 6 3E L (MODIS) X B # Dome C 3 &5 14
I 4 S5 e T AR 9 6 T A A b VK 5 A AT L T

RS A% s R XA S5 43 A R RO Y

DOI: 10.3788/A0S222106

B0 RS R AR AR E o DRI, M 5 22 UK 5 R R B K
F4) s 5 R0 R A B4 R R R A O 3 SRR B A A R IE
BT 2. Warren % T RIMR I 22 m 535
1£ 600,660,900 nm I 4 &b (14 ) & 25 R it 5r T — A~ F
e =5 1l 1 XL 1) 52 55 43 A bR B (BDRE ) 32 #5080, I
FH A 3 % NOAA-9 & NOAA-11 B E | £ i
S E A S Y (AVHRR) 47 E k55, Hudson 281
F T RN 32 m 3 A9 B2 R0 B T Warren f5 Y
IAIF B 32 82 0 75 350~1400 nm 3 K N A 2% ~4% 1)
2. FfJ5 Jaross % B E T Warren B8, i I B 4%
JZ2 K AL COMI) F1 22 5 35 AR WL A (MISR) WL I
B4 X ek () BDRE B R 3E 47 PFAl DA Kk T3 A 38 Je&
FRAEAT TR bR, UE W] TR RS B 5 B L 2% LU
N I £ 4 09 5 b kS BE . Viallefont-Robinet &M
£ Sentinel-2 TL A () 22 56 3% LR X (MST) 76 % W I 11
HEZLR 31 T —F#E 0. 35~0. 9 pm 3% B #F 47 # [0)
SE bR B UE BT vk, O 7E m % Dome C 3 8B 4T T 5
TIE, 25 5 3 W20 4k 245 SR 55 D0 b vk i )k 5 SR SRR
— 5.

AR SCAE FE AN E AT B b 3 e b O vE R
A% B2 22 VK 35 3 5 5%t i o0 L5 B R KA I M
I (DPC) B 75U 1B B s PR A7 5 5K B 560

Wi BE. 2022-12-07; €EBEH. 2023-01-12; KA HE: 2023-02-24; MEKHEELZBE: 2023-03-09
HEE£THE . &0%0 R TN FEE 585 R 51 H (50-Y20A38-0509-15/16) | /4 5% 83 [ b4 78 A1 BA 35 H (GITD-

2018-15) ([ Z¢ 1 S B2 2 4 (11504383)
BIS1E#E . “dgluo@aiofm.ac.cn

1812005-1


https://dx.doi.org/10.3788/AOS222106
mailto:E-mail:dgluo@aiofm.ac.cn
mailto:E-mail:dgluo@aiofm.ac.cn

2 ARk

2.1 DEHFEEHARXIE
TS BET 20214 9H 7 H 11E 14378 K5

TR RS e By &g, Hodh DPC #fr i M BE S 5 S

oy B9 AR DPC AR, 364 15 I 38 , T F 3%

BEVU I 433~920 nm 7 35 1l W6 BT 404k, A 84k

e B, AR 1 TR, P #E 490,670,865 nm % By H

£ 43 % £ 18 HI/2023 £ 9 B/ RFFHR

JE (AT 22 %€ f1 o 07, 60° . 120°) 3K B fw Fk &1 1%, 1
=507 T AR UL A A R B8 s A Y 3% 2k TR O SR K
22 ff1 LI LG UL £ B A 9 AN FEF] 16 A4
Al IR K b 4 T 2 A B R AR T .

K H 2021 4F 9 H 19 H DPC 78 s ¥, an sl 1
(a) FT7 o LA 75.37°N,45. 17°W R s 4 25 B (X
DPC & IC41 515 K :494,5698) , %48 10X 10 ME I
HAFOFSE . X EE a0 & 1(b) 5 E IX B s | 12 X3,

A i H 2RI BE 3, A D I 2 Be R 3 A A [+ A i £ WLz, KRE
#1 DPCHUEBZH
Table 1 Band parameters DPC

Band /nm Polarization Central wavelength /nm Bandwidth /nm Mission
443 No 443.3 20 Ocean and aerosol
490 Yes 488.9 20 Ocean
565 No 564.7 20 Ocean
670 Yes 668. 8 20 Vegetation and aerosol
763 No 761.4 10 Cloud
765 No 763.1 40 Aerosol and cloud
865 Yes 861.8 40 Vegetation and aerosol
910 No 907. 1 20 Water content
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Fig. 1 Remote sensing images of Gaofen-5 B star on September 19, 2021. (a) Global remote sensing image; (b) partial remote sensing

images of Greenland
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Fig. 2 Spectral response function diagram of Gaofen-5 DPC
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Fig. 3 Flow chart of on-orbit radiometric calibration for ice and snow scenes
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Fig. 4 Comparison charts of TOA reflectance measured from DPC and calibrated TOA reflectance in each band. (a) Band 443 nm;
(b) band 490 nm; (c) band 565 nm; (d) band 670 nm; (e) band 763 nm; () band 765 nm; (g) band 865 nm; (h) band 910 nm

@
1.20

1151
110}
105}
< 1.00
0.951
0.901
0.851

0.80

© 120
115
1.10

1.051
< 1.007
0.95
0.90

0.85
0.80

® 1.90

1.15}

1.10
1.05

< 1.007
0.95f
0.90
0.85

0.80

® 1.20

1151
110
1.05¢
< 1.00}
0.951
0.90+
0.851

0.80

Band443 Greenland 20210919

«  SNOW calibration points; N=3600
SNOW fitcurve; RMSE is 0.0070996

g e M = ]

0

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)

Bandb565 Greenland 20210919

SNOW calibration points; N=3626
SNOW fitcurve; RMSE is 0.014756

e %

0

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)
Band763 Greenland 20210919

«  SNOW calibration points; N=3600
SNOW fitcurve; RMSE is 0.012411

S

0

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)

Band865 Greenland 20210919

SNOW calibration points; N=3600
SNOW fitcurve; RMSE is 0.011843

%ﬁr"‘"’"

0

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)

(®)

(@

®

QY

1.20

1.15¢
1.10}
1.05f
1.00F
0.95r
0.901
0.851
0.80
0

1.20

1.157
1.107
1.05¢
1.001
0.95F
0.901
0.851
0.80
0

1.20

1151
1.10f
1.05¢
1.00p
0.951
0.901
0.851
0.80
0

1.20

1.15¢
1.10¢
1.05¢
1.00¢
0.95¢
0.90f
0.85¢

0.80

&5 43 % % 18 H1/2023 £ 9 A /%2R

Band490 Greenland 20210919

SNOW calibration points; N=3670
SNOW fitcurve; RMSE is 0.016008

W‘h‘ =

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)

Band670 Greenland 20210919

SNOW calibration points; N=3602
SNOW fitcurve; RMSE is 0.01263

,.w,-a.ﬁ-%*

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)
Band765 Greenland 20210919

SNOW calibration points; N=3600
SNOW fitcurve; RMSE is 0.010438

o %%\*

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)

Band910 Greenland 20210919

SNOW calibration points; N=3600
SNOW fitcurve; RMSE is 0.013217

e of

5 10 15 20 25 30 35 40 45 50
View zenith angle /(°)

Brs(e) 763 nm f B 5 (1) 765 nm % Bt 5 (g) 865 nm % B 5 (h) 910 nm I B

#3 HKPEDPCIllH TOA R HF 3 5845 TOA G303 22 5811 404t

Table 3  Error statistical analysis of TOA reflectance measured from DPC and calibrated TOA reflectance

Band /nm Intercept Mean Standard deviation /% RMSE /%
443 0.9789 0.9941 1.02 0.71
490 0.9933 1.0130 1.68 1. 60
565 0.9832 0.9942 1.49 1.48
670 0.9597 0.9943 2.47 1.26
763 0.9035 0. 9406 2.34 1.24
765 0.9215 0. 9506 2.00 1.04
865 0. 9094 0.9563 2.85 1. 18
910 0.9170 0. 9605 2.31 1. 32
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Table 5 Factor uncertainties and synthetic uncertainties for each visible band

Band /nm u(Spror ) /%6 u(Sror) /% u(80,)/% u(dpu,0) /% (S ow) /%
443 2.0 0.01 0 0 2.0
490 2.0 0 0 0 2.0
565 2.0 0.01 0.02 0 2.0
670 2.0 0.01 0.01 0 2.0
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Table 6 Statistical analysis of the TOA reflectance measured by DPC and the calibration TOA reflectance error in each band under the

three models

Coarse snow Medium snow Fine snow
Band /nm  Average relative  STD of relative Average relative  STD of relative Average relative STD of relative
error / % error /% error / % error / % error /% error /%
443 3.34 1.78 2.72 1.7 2.06 1.53
490 1.69 1.32 2.33 1.51 1.91 1.38
565 2.48 1.68 3.9 2.11 3.2 1.94
670 2.13 1.71 3.79 2.21 2.37 1.71
763 10. 55 2.77 4.16 2.78 2.43 1.93
765 5.04 2.71 3.28 2.21 2.45 1.97
865 8.55 2.95 4.34 2.64 3.27 2.58
910 8.61 3.13 8.05 3.56 2.79 2.08
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Table 7 Statistical analysis of the calibration results of the

Greenland ice and snow scene and the calibration

results of the desert scene

Standard

Band Mean deviation /%
/nm Greenland Desert deviation /% Greenland Desert
443 0.9875  0.9715 1.6 0.77 2.49
490 0.9989  1.0003 —0.14 0.57 2.91
565 0.9839 0.9701 1.38 0.78 2.72
670 0.9743  0.9688 0.55 0.89 2.34
763 0.9227  0.8947 2. 80 1.06 2.42
765 0.9357  0.9498 1.25 0.83 2.32
865 0.9332  0.9299 0.33 0.98 2.16
910 0.9425  0.9690 —2.66 0.93 2.61
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Table 8 Statistical analysis of the calibration results of the

Greenland ice and snow scene and the calibration

results of the ocean scene

Band / Mean Standard
deviation/ %
m Greenland Ocean deviation/% Greenland Ocean
443 0.9875 1.0048 —1.73 0.77 1.52
490 0.9989 1.0322 —3.33 0.57 2.18
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Abstract

Objective Radiation calibration is a necessary prerequisite for the quantification of remote sensing data from laboratory
calibration before launch to on-orbit calibration after launch throughout the entire life cycle of remote sensors. Site
calibration is a common method for on-orbit alternative calibration of remote sensors with large fields of view. When a
remote sensor is operating normally, it is calibrated with a large area of uniform ground objects as the calibration source,
which has the advantages of a high calibration frequency and no need for synchronous measurement. The Greenland ice
sheet (—75°S, 123°E) and the Antarctic ice sheet (73.375°N, —40°W) are commonly used as targets for snow and ice
scenes, whose surfaces are covered with evenly distributed snow. Due to their high altitudes (usually greater than 2 km),
they are less affected by the atmosphere and help obtain calibration samples with better data quality. Furthermore, ice and
snow have a relatively flat spectrum in the visible range, which makes band transfer easier with other calibration methods.
Thus, using the Greenland ice sheet and the Antarctic ice sheet as the calibration source of snow and ice scenes has many

advantages for the calibration and verification of remote sensors.

Methods The research method in this paper is based on the previous study of polar scene calibration methods. First, we
choose Greenland as the calibration target of snow and ice scenes and select the calibration sample in the directional
polarimetric camera (DPC) level 1 data. The area interfered with by cloud pixels is then eliminated after spectral channel
traversal and angle traversal through the calibration sample’s rows and columns. After substituting the surface bidirectional
reflectance distribution function (BRDF) and atmospheric parameters (aerosol, water vapor, ozone, and other profiles) of
the snow and ice scene into the radiative transfer model to obtain the zenith reflectivity and radiance, we test the on-orbit
radiation response changes of the payload of the DPC on Gaofen-5 satellite. In addition, the obtained conclusions are in
good agreement with the calibration results of the desert and ocean scenes, and the dispersion of the calibration results is

smaller.

Results and Discussions We compare the measured results of the DPC with the calibration results and obtain the
following findings.

1) When the view zenith angle is less than 50°, the measured reflectance values of each band of the DPC have good

1812005-11
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consistency with the calibrated reflectance values. The standard deviations of their ratios are within 3%, and the root-

mean-square errors were both lower than 2% (Fig. 4 and Table 3).

2) When the view zenith angle is less than 30°, the measured top-of-atmosphere (TOA) radiance values in each band of
the DPC are compared with the calibrated TOA radiance values. The results show that the DPC data in the visible light
band are relatively stable and have low uncertainty (Fig. 5 and Table 4).

3) The influence of the atmosphere (aerosol, water vapor, and ozone) and the surface BRDF on TOA reflectivity is
analyzed. The uncertainty of the BRDF model of the snow and ice scene is 2%. Finally, we synthesize the uncertainty of
each factor, and the synthetic uncertainty of each band is 2% (Table 5).

4) The research on the size of ice and snow shows that the average relative error of fine snow in each band is within
4%, and the relative error standard deviation of bands from 443 nm to 765 nm is within 2%, so the data of fine snow in
each band is relatively stable (Fig. 9 and Table 6).

5) The results obtained in this paper are compared with the calibration results of the desert scene and the ocean scene.
The comparison results show that the calibration coefficient of the Greenland snow and ice scene deviates from the average
value of the calibration coefficients of the ocean scene and the desert scene within 5%, and the standard deviation of the
Greenland polar scene is within 2% (Table 7 and Table 8).

Conclusions Inspired by the idea of on-orbit alternative calibration, we propose an on-orbit radiometric calibration
method based on the glacier scenes in the North and South Poles. We choose Greenland for research and analysis and
conduct radiometric calibration of the remote sensor DPC with a large field of view. The measurement results of the DPC
are compared with the calibration results. The comparison results show that the measured value and the calibrated value in
each band of DPC are in good agreement. The standard deviation of the ratio of the measured value to the calibrated value
is within 3%, and the root-mean-square error is lower than 2%, which proves that DPC has a good performance in snow
and ice scenes. Moreover, through the error analysis of the atmosphere and the surface, it is shown that the BRDF on the
surface has the greatest influence, and the final synthetic uncertainty in the visible light band is 2%. Finally, the
comparison of the calibration results of this paper with the calibration results of the desert scene and the ocean scene also
proves the stability of the calibration results of the Greenland snow and ice scene and the validity and reliability of the
calibration method. The method described in this paper can provide long-term monitoring and calibration of the detection

data while the payload is on orbit and contribute to the quality improvement of products for operational application.

Key words on-orbit radiation calibration; snow and ice scenes; radiative transfer; surface bidirectional reflectance
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