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Atmospheric Correction in Mountainous Areas Based on Environmental
Satellite CCD Images
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Abstract Mountainous areas have rough terrain and substantial elevation changes. The topography effect of remote
sensing images significantly interferes with the spectral characteristics of ground objects and may lead to the
misclassification for remote sensing images, which is not conducive to remote sensing information extraction. Based on the
principle of radiative transfer, an atmospheric correction algorithm for mountainous areas is developed using Python. The
proposed algorithm considers the influence of direct solar, sky scattered, and adjacent surface reflected radiations on the
target radiance at the satellite entrance pupil and can effectively eliminate the terrain shadow influence. We conducted the
atmospheric correction of the CCD sensor for mountain area data of HJ-2AB (a small satellite for environmental and
disaster monitoring and prediction made in China) using the proposed algorithm and digital elevation model (DEM). The
analysis results show that the terrain effect of the corrected image is weak and that the image quality improves significantly.
The surface reflectance obtained by inversion agrees with the spectral data of the ground objects measured in the field,
which provides a data quality guarantee for further quantitative remote sensing research.

Key words atmospheric correction; reflectance; satellite remote sensing image; digital elevation model

1 = o P G JUHOR b B R AR R AR SR A Y R 1R

H TGN B Sy 5 M, 33 A O Ml BEL A T e R A Y g — AP

X FE R X, s IS AE AR B2 B R R, X il KRR O AR HE AT A R R R

TIFE T R R AR B X, £ 3 B 3 2 A K B TE, T B AR 5 | A 5215 K BE (RS £k, J2 Rt e 25 ol
RSt RE R I AR 2] BUR R IR KA. TR T e R R RS R A R T Bk A G B AL R

T 23 AV i BE SR B[R] 4 S ] 3 S LR, [ A Ah 2 3 At Xk e 28 AR 3y JE 24007 %o L X

B . 2022-01-18; EEBHH. 2022-01-22; RABH. 2022-01-28; MEEHAZBH . 2022-02-10
HEE&WH: 5/0E KL (30 Y20A010 9007 _17/18) & NEWF 5T b T 5 35 H
B{E1E#& . "hlhuang@aiofm.ac.cn

1028001-1


https://dx.doi.org/10.3788/LOP220608
mailto:E-mail:hlhuang@aiofm.ac.cn

G AR M T S A S L R T R E R
MEEAL R, B SR T] DL G Ry =2 R i i 4
I A TR T A BB R 0 G A R o) R SRR AR A B RN
F MG BIATH AT W AR 25 5 . dn ik B LA
U AR R 25 A AR T PR (H BB 2 B R 43 B B
M, 2 3 o G A 1 B I O, xE D 5% s B A0
TR o 2 22 B AR AL — b 4 BEAIL 5 22 56 ) v A
ghEA AR, H AT T IZ R C R IR B A R
BIG| AT L0 S50 C, I8 o ol 28 8780 8 5 43 B
PR R 7N A e A1 e ke AR A SR s i o (H S50 C R A5
I TR AR ) AR B ) PR SO 2 AR
B @, g8 2R m i R R T A
A BRATL I 1 A B 2 1R 3 R 2 O AR A Ok 1 R T e
&1 LB VR 5 5 S e 5 g A BB TR R — b T
PR AL e LA B BT R R T B AR
H b b 22 12 05 21 B 58 50 21 4, B A R R B SR A
AR PR 0 — B L R 2 SR 2 R
Bt (F AR TR S 8 EL A I A B R S, A R o
B R R

HREZJK =5 014 A B & & BREE 5 9¢ 3 Wy i) i
e o 2 e 18 R TR, T 202048 9 H 27 H T &

£ 60% F 10H1/2023 £ 5 B/ B EXBFFHE
B BT REE T 420580, 24 16 m 4 B
RAHL OGS AR AN (AN HL R AR B . H
H, 16 m 4r B A LA i 4 & AT UL D6 CCD AR L
R
A ST PR 5 B R B L 45 6 12, 5 m a3 BER
BB R AR LAY (DEM) 2504 , 3t T Hb 3% B A AR 19 1B
W, R R AR S AR SCBL T X B A2 CCD 3K
P A L DX RS TE R B R R i . 25 SRR W i
0T LA S B T SR MR SO A 5 T

2 BRI P

Hi R Uy 0K L DX 42 i B B R BE AR S R A o =
J5, 0 B K BH B B4R 5 K s WO AR A Ok B T
by 11 B S A B
E,(Q)=E Q)+ E (2)+ E,(2), (1)
KA E () REER ARG B R E  E, ()&
W KA A BE A B G AR R B () SR K R AR
O S R E L () 2 U KA A B 4 48 3 3% (&
TG ) 1 RS R
HR A L A Y AT 4 22 O i e G AR R
SRS IE Py BEASE TRy

Tt[dzL(I,y)* Ilbaj|

p(z')(x’y ):

t{ OE gt cos flx, y )+ Ed”[ br,cosB(a,y)/cos b, +(1—br )V, (x,y )} + Ef');l;m V errain

, (2)

i—1)

(x,vy)

A ad oy H B ES 5 0 MUt i R 1 5 Ly, o B AR 4R
B o, Mo o R R EAT AN AT iE A G Ey 5 Eg o
) 2 b T B S5 B AR R 5 Vi (2, y )T Vi (2, )
O3 A R O (e, y ) A SEAR B TT Y K 28 T DL IR it
TE WL A 7 5 E7 2 JE i1 AH S8 A5 T 1 22 Uk S 5 i BELBE
o AT R T IR R | =0.1;8
JE R A AGS 50, 9 KK T .
X 18 G AR HEAT AR SRR, A5 Hh AR B i A Ab Y
%%E L(I,y):
L(x,y)=co+ e, X Lpn(a,y), (3)
K Low (2, y )52 450 (2, y )AL AR BRI Y 52 AR,
] p AL S U A5 5 oo R ey 230 by £ SR XoF Ior 1) 5 s 4
FEAVEbR LR . FOEE A S e S B R A
KA WLA T Vi (2, ) B W A T Vo (2, 3)
I 3 L & R P A 1 cos B, y)o XS
B T B 3 I R ) K HA RS B R
o T3 BE R ) B DEM B 11383145, A 2
S=arctan( /f.* + 1,7 ), (4)
AP SERARYE 5 £, 5 f, 73 B = K F 5 3 5 AN T7
] B R LR o TESEPRG DL T, 3R R 2 LA
JE S AR AT Y, 2 (4) B
S=arctan ( /£.” + f,7 )}(180/x ), (5)

1) Sy b e e — o7 i AR A A o A e R AR TS
GRS RN W)

A=180°—arctan£—90°(£), (6)
S S

AP ARIR I

PSRN SIS RESE IV RS b e AT R DB i e N i
LB = AE A ARAT A
1+ cosS

Vg = 5

, 7
1—rcosS (7)

2
KSR YR TT W3 BE AR fE IR R R A
Al UL R T Vg AR LI PR Ve A A 545 5T 19 3
FEA G, FERLIE B B2 rh 55 24 0 40 T L DX MR 1
52 DI, T b I S8 i DR A 3R T BH 2 X8 ) 0 i 2
38 H U 0 2R I 52 X3, oAy X0l 1. 050 i B
[H 52 18 4 4 = 22 02 I DEM 080 £ B 1) K BH A 2 A
S TR

cos 3= cos 0, cos S+ sind, sinScos(¢p—A), (8)
A AR PH L Ao 24 Hb I I A K P R A B
1 = 90° W, Bl cos << 0, FI W7 2 45 A B2 X, B 3t
T W R 2Ry O, A5 W00 40 7 32 i R AR B 521X, 1 O 38 i
A0 1.

Vlcrmin - 1 - Vsky -

1028001-2



£ 605 % 10 H/2023 £5 A/HASBFEHE

AT 19T 19 20 VSR BB B A R 10
—G—1) 09k
. 17V5ky s ) ‘1
El([):(EdirJFEdn) {O‘eia(l?[l) ke :| B (9) 08
1=o, (17 Vi(ay)] gort B B3 [B5
S By, 5 E g 4 R K T 30 3 B2 05 0 0 A B 2L 4 Bosr N N g
PR 518 M A B L o5
g 04r
3 MEE AL XGRS RS OE “ o3}
3.1 MEES | L
S JH 8 B0 U Bk 1 HI-2A TR B9 CCD3 A 5 N U .
BL L HE O A 5 0 07 ol 2 P LR . BB B 2021 4F 350 o TITY e 950

5 22 BT A48 5K 48 1 i ok BB 1L X016 m 43 BE
R L 8 S

ik R BE R AR ) R AR AL R P R IKR R =
B K xR IO R BT . KRR IE Y
(PSAC)B A Al WL /3 21 4b 9 615 ik B, 554> 9% B
A A R 0 3 T [ B A R AT RO SE A AR B
RN D IR RE bR R GE, T AR I 28 D IR 1R I0ORS )
0.5% , B EARNEE N 6% ~7% , 5E e He g i 1 KK
A IR 25 350 LA b A R A R T

Bl 1 CCD3MIBLAS 1 BEVH — Pt i mi 7 h £k
Fig. 1 Normalized spectral response curves of each spectrum

segment of CCD3 camera

ﬁ%ﬁﬁfﬁ(%’kﬁlﬁﬁﬁ% i S E S AT A BER K
PR IS B B i AR A T R AR E ALY KR
%Hmfﬂﬁaﬂ’]@ﬁfznuo KA TE AL AH 5 2 %0
e 1Pin o [ B R 207 b e X R DEM 04 | itk %k
P& H advanced land observing satellite (ALOS) #H 4% 4

B i P 5 B A I OB R IR O SEp i e AL BEA ﬁJH’L@z B (PALSAR) R A i B K F
A7 S50 B9 2 T 5 i 4 AR 0 X M AR X S R, O R e e EORS T 36 1205 m, 5 AT DAAR G b 5 R B A
AR TR AT A R B ORI E R T Bl #ﬁﬁﬁﬂo

®1ORAIEA B

Table 1 Band setting of atmospheric calibrator

Band Central wavelength /nm Wavelength range /nm Probe params Polarization
Band 1 410 400-420 Aerosol Yes
Band 2 443 433-453 Aerosol Yes
Band 3 555 545-565 Aerosol Yes
Band 4 670 660-680 Aerosol Yes
Band 5 865 845-885 Aerosol, steam, cloud Yes
Band 6 910 900-920 Steam Yes
Band 7 1380 1360-1400 Cirrus recognition Yes
Band 8 1610 1580-1640 Aerosol, surface Yes
Band 9 2250 2210-2290 Aeroso, surface Yes
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Fig. 2 Atmospheric correction process of remote sensing
images in mountainous areas based on Environmental
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Fig. 3 Remote sensing image and DEM data after pretreatment.

(a) Multispectral remote sensing image of region A to be
corrected; (b) DEM matched by region A; (¢) multispectral
remote sensing image of region B to be corrected; (d) DEM

matched by region B
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Table 2 6S model input parameters

Solar zenith /(°) 22.160191
Solar azimuth /(%) 151. 045525
Geometry . . .
Satellite zenith /(°) 8.911552
parameter
Satellite azimuth /() 103. 483838
Observation date 2021-05-22

Midlatitude summer

Mainland

Atmosphere model

Atmospheric Aerosol model

parameter region A: 0. 223
Aerosol concentration
region B: 0. 217
region A: 1. 6845
Target altitude /km
region B: 0. 9555
Band 1: 450-520
Sensor
Band 2: 520-590
parameter

Band 3: 630-690
Band 4: 770-890
Band 5: 690-730

Band range /nm
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Fig. 4 Topographic factors of regions A and B. (a) Slope of region A; (b) aspect of region A; (c¢) sky view factor of region A;

(d) illumination angle of region A; (e) slope of region B; (f) aspect of region B; (g) sky view factor of region B; (h) illumination
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(a) Tmage of region A before correction; (b) image of
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region A after correction; (c) image of region B before
Fig. 6 Image entropy of region B before and after correction

correction; (d) image of region B after correction
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Fig. 7 Image contrast of region B before and after correction
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Table 3 Error analysis of different features before and after correction

Withered grass Chinese pine Fruit tree
Band Central wavelength /nm — - — —
Original Corrected Original Corrected Original Corrected

Band 1 485 1.49 0.29 2.07 0.19 1.67 0.27
Band 2 555 2.97 0.11 2.94 0.07 2.25 0.03
Band 3 660 0.5 0.08 0.7 0.21 0.46 0.21
Band 4 710 1.31 0.43 1.37 0.49 0.79 0.41
Band 5 810 0.55 0.15 0.41 0.16 0.11 0.08
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Regression curves of cosine values of illumination angle and images in different bands before and after correction. (a) Band 1

before correction; (b) band 1 after correction; (c¢) band 2 before correction; (d) band 2 after correction; (e) band 3 before
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