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Abstract: Owing to the restrictions in weather conditions and revisit cycle of satellites,
single satellite can’t successively acquire effective optical RS data for long-term monitoring
the terrestrial environments. Therefore, it is crucial important to analyze the multi-spectral
information of multi-source RS data. In this study, two groups of clear RS images (GF-1
and Landsat-8, GF-1 and Sentinel-2A), in along with ground survey data, were respectively
acquired on identical date. Four bands, blue, green, red and near infrared (NIR), were

selected to compare their spectral characteristics. At the same time, conversion equation
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for reflectance of four corresponding spectral bands was derived respectively via statistical
regression method. The result shows that each pair of bands in the two comparing groups
has a strong correlation. And, these conversion equations can effectively converse spectral
information in between each band of two comparing groups with a better precision.
This study provides a useful technological approach for the identical date information
integration and syngeneic application of multi-spectral RS data from the same day, as well
as quantitatively monitoring the long-term dynamics in environments and resources at
regional scale.
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& 1 GF-1. Landsat-8 & Sentinel-2A T 22§ %
Tab. 1 System parameters of GF-1, Landsat-8 and Sentinel-2A

NV 3% /m Y5 /d I 5 /km BB (g
GF-1 16 A(F %) 800(4 5 AHHL) 4 WFV2; WFV3
Landsat-8 30 16 185 9 OLI
Sentinel-2A 10 10(BUE5) 290 13 MSI
Xof BB L/ b7 18] BT
B1(Blue): B2(CGreen): B3(Red):  B4(NIR): WFV2: 2014/09/08 WFV3: 2016/08/22 WFV2:  WFV:
0.450~0.520 0.520~0.590 0.630~0.690 0.770~0.890 11:01 11:30 P594R87 P595R87
B2(Blue): B3(Green): B4(Red): B5(NIR): 2014/09/08 10:28 P119R31
0.450~0.520 0.520~0.590 0.630~0.690 0.770~0.890
: : : : R 4E%ELE:
B2(Blue): B3(Green):  B4(Red) B8(NIR) 2016/08/22 10:38 AHXTHE: i
0.430~0.550 0.515~0.605 0.623~0.702 0.765~0.920 R0O89  R00609

GF-1 WFV2 GF-1 WFV3

R: Band3, G: Band4, B: Band2 R: Band3, G: Band4, B: Band2

Landsat-8 OLI Sentinel-2A MSI

R: Band4, G: Band5, B: Band3 R: Band4, G: Band8, B: Band3
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Fig.2 Remote sensing images for comparison and typical land covers in study areas
2 7 %

21 HEAE

X GF-1 [ WEV2 Fl WEV3 48, EUD RS IESROE, JUTAIE, e b iR
BEIE. BE, S 25 H 30 m K] DEM £ty GF-1 2R34T IR E, /b A TR R
X HdE A R R s SRS, 4 AR AR KR IE K Landsat-8 L% Sentinel-2A B 154E k2 %181
X Al ) GF-1 Bl #E47 JUAT AR I 46N R IE J5 R E s BEAT S 6 e b, S AR S HUN [ 58
P RN A G ERE (http: //www.cresda.com/CN/Downloads/dbes/10506.shtml); 5 &, i#id
ENVI5.3 S AHHEULR) FLAASH J5idadi AT KARIE. RARE AR 24X F.



140 FEAINE R 40 (FREL A R) 2017 4

GF- IR A R
Sebt, LOVERSEIE, R W) (m?-srepom); Gain o255 DN RSEIE. GF-1 BRS04 4
A TOA S 2R A R RO

7w Ly -d? 7Ly -d?
px = = . : (2)
ES . COS(@SE) ES . Sln(osz)

U, pa A TOA S, Ly WERS 52, d o HHRSCHRALIR S, Eg KRS BOK B R
B, B4 A W/(m2 -pm); Osp R BHOR T A HSZ%JKBH%—E*UEH, Hil 2 0sp = 90° — 057.

Xt T Landsat-8 OLI ff) LIT £ i, 5 2530 1 56 8 5t i 5 =) (USGS) $ It 1 5E A5
Z (T SR Sk SO v SR AT )0 L AT R A E A A PR, A5 B O AT R S R, A
TOA U %, L2 205 il b 2853 KA IE 2 J5 1) BOA U 84, £ USGS %dli 70 K ¥
Ui (http:/ /earthexplorer.usgs.gov/) il UL 2 N 8. AHIFTTR I A AT 2 50 F

Landsat-8 OLI KA 124 55 A x( 000,

Ly=Mrp-Qcar+ Ar. (3)

W, Ly WEESSERE, A W/ (m?-st-pm); My SRS S, A NS 2SS, Qoar
K% DN 8. Landsat-8 OLI %/ 5 5 MO R E A

pr=M, Qcar+ A,/ cos(bsz). (4)

X, pa o TOA KT, M, Jy 3R 55; A, 9 SRR ; Qoar I8 IC DN A; 052 JIKHH
=B, Sentinel-2A MSI 3245 & )\ ESA W ik (https: / /scihub.copernicus.eu/dhus/# /home)
A, Sentinel-2A MSI L1C 477 & 4 i s b Z 5 1) TOA [, g 05 (8 50 (1 77 i, 34
EHEP KT 10 000 5. 32 BEE g A HD BRI AT KRS IR, AN SR ARt RR 2 ey I K
TFU5 VR S AL BR 4R SNAP B JH T 4L 7 Sentinel-2A L1C 247 i 1) T B4 SEN2COR Kit4
BOA J i #12),
2.2 MABFELE

N TR LR A R . 2%, 20, IRZLAME B TOA RESF LK BOA kY HN =R, &
Z R 2 5 (GF-2) sl 524%.(0.8 m) A1 2016 4F 9 H S A 5o, Sl 78k . Ak
Huo IKARS R FRIE K SR 1 SO 3 e st ORI ST FF s Sl 1R P AT P il
SRR, BRI ZE TN FRAE LA AT, A, RE AR N A LA TR

(1) IEHUIE = DX, AT gl & 2% KIS0t 45 i A1 s .

(2) A 2 NIRRT 8, IR e B o X b ey B DA Rk PR el g e,

(3) IEAE 2 it K30 L P I R B v 0 S B e b 0 S e, SR A i 3 b sk LA
7 SR e Yl 3 S R P A

(4) I AR ALE A>T 300 A, LUBALRA [F) A K g0t I 38t B 1R 5090 1) T 45 1

GF-1 WFV2 5 Landsat-8 OLI TOA 5% F1 BOA SR 1% U7 LER T 1 903 4
aikE 5, GF-1 WEFV3 5 Sentinel-2AMSI [5%5 EEEEL 1 527 M alibEA s, % T4 2050 be 1%,
BEMLIE B R A SEREAR S rp 2/3 T AN AR I g i A5 T be R D e, 4kt 1/3 HF
Al LIRS B IR AIE .



6 1 WREE, 25 GF-1 WFV 5 Landsat-8 OLI Fil Sentinel-2A MSIRE & K4 G 1% BFEHF 5T 141

23 EHARARISER

AWFFURIAGEVLAE N Tr %, R AN A I 250 W B BUK) TOA St % 5 BOA S &
BEATE— X LE. R vhoE RE(R?) AR 2 (RMSE) IXPAN PN 4R FR, 23 AT % Wk B
T S RN 3 A, AR5 R ET 45 20 (K Fe 405 ReEAT TOA bR & BOA S SR I,
LRI RE N B AL AR B B AR SEEL.

PUE R R? BT HGEZERMSE V5 4 500k 1)

2 E?:l@l - 5)2
(D S ER ®)
RMSE = M (6)

X, n WIRAUERE SR v PR RSN, g0 ORE RGN g, 0pE RS AE.
)3 L AT /AW

v=3" G-9" ™)

Q=" (-0 (®)
U

Py )

X, Q RZE Iy MBI AV U5 AL U D4 IRIEE A n A REAEL.
3 ZREoH

TEREPEMIREA fUAL, 23 AT 3 TR & AN BB ) TOA J BOA ST HMH, /33T W
41 TR Yk BE AR BT L 25 SR (WL 3).

i 3 A L, %} F TOA Fl BOA %, GF-1 WFV 5 Landsat-8 OLI il Sentinel-2A MSI
BARAEW (B)s 28 (G). 20 (R) AUELLAh (NIR) U BEARAS [ R 3 A7 E — 52 i 22, 10 L, e
TN N B I TR A DGR B r YK T 0.96, 1% 3 B 55 AN 0F . 5 BSOS AR AT 1R 9 1 2%
PEFISGHE. BRI EgE BB 7F TOA A% E, GF-1 WEV2 5N BSOS 50 2% 3 = 1
Landsat-8 OLI, & H 5 1:1 Z&JLFF147 (Kl 3(al)—(d1)); GF-1 WEV3 &Nk B SR %4
B % 38 /5 T Sentinel-2A, fUh-G 19 2 A S S 4 5 F 14 I v 32 9w 25 121 2R (] 3(a2)—(d2)); Xf
T BOA &%, GF-1 WFV2 5 Landsat-8 OLI AN B 2 F AR K, A fE 101 il (K
3(a3)—(d3)); GF-1 WFV3 &M Bt BOA SUM ZEUE K5 T Sentinel-2A MSI, JFBEH S
A N 22 S B WK (K] 3(ad)—(d4)). B i bl A3, 5 TOA 0 Lh g AR L,
L KAMIEZ A ) BOA St F B 1) 22 S PR S, — EOhE ) g v

H T AR R AT B2 S R R, RS T3 TR NS N B 1 O 1 i
Nl 2 (W 4). o, GF-TWEV O i mi i th 2 by o [ %8 0 1002 3 obocs 32 43 1 Ol 3%
Wi 3 bR £ 1 47 22 ) (http://www.cresda.com/CN/Downloads/gpxyhs/index.shtml); Landsat-
8 OLI ¥ o't i miy . iy 2 00) 3@ Job 5% [E) B % 1 7 Js) (USGS) $2& 4k 11 o't o miy 3. pRy £ 1F 47 22
#ill (https://landsat.usgs.gov /using-usgs-spectral-viewer); Sentinel-2A 1% Wi N {f 1] H #: K



142 SERITR A (AR 2017 4

BRI RS HAR BRI .

<
~

o
3

<
IS

2 r=0.987 < [r=0975 < S °[r=0983
S S S 4
£ 03f & £ 03 0
@ <) 0.2F & = 0.4
0.2 g 202 §
= <3 =
0.1F £ 02
Z 01k = Z 01 =
L, = 3 n
5 |7, @] 5 o oyl s | £ ool . @
00791 02 03 04 Y 01 02 03 99701 02 03 04~ 0 02 04 06
Landsat-8 OLI (B-TOA) Landsat-8 OLI (G-TOA) Landsat-8 OLI (R-TOA) Landsat-8 OLI (NIR-TOA)
~ 06 —~ 04 04 . 2 1.0
< U r=0.980 < r=0.966 < S
o o3 O @) = 0.8-
% o4 ; 0.3} E 0.3 DR
= | < 02 < 02 < 061
E ool z E Z 04f
— 50.1- Z 01 = ook
o s s e
O 0 O i 1 (a2) O 0 0 1 (b2) O 4 1 1 (CZ) (LB 0 O G 1 gdZ)
: 02 04 : 01 02 03 04 90701 02 03 04~ % 204 0608 1.0
Sentinel-2A MSI (B-TOA)  Sentinel-2A MSI (G-TOA)  Sentinel-2A MSI (R-TOA)  Sentinel-2A MSI (NIR-TOA)
~ 04 ~ 03 .~ 04 1 = 06
< r=0.963 < 7 =0.966 < r=0979 S T [r=0.983
(@) o @) M
2 03) = | 0.3) 0
a © 02F 3 = 04
g 0.2f g S 02f §
= * 34 &) &3
0.1 £ 02
= 0.1} sd# = Z 01l =
S o) i
0.07""01 02 03 04 00 01 02 03 %0 "1 02 03 04°0 02 04 06
Landsat-8 OLI (B-BOA) Landsat-8 OLI (G-BOA) Landsat-8 OLI (R-BOA) Landsat-8 OLI (NIR-BOA)
~ 04 o ~0.20 .~ 04 208
< r=0.968 A2 =00967 < r=0979 S T |r=0985
S Ao S @
2 03 ; & 03} = 0.6/
A & &
Q = Z
202 202 - 0.4F 4
3 25 E
E 0.1 . E 0.1 Z 0.2F
) 2 o n
) . (a4 OO E . I(b4) S 00 & 0.0 (d4)
0071 02 03 04 O 0.05 0.10 0.15 020 O :

01 02 03 04 02 04 06 08
Sentinel-2A MSI (B-BOA) Sentinel-2A MSI (G-BOA) Sentinel-2A MSI (R-BOA)  Sentinel-2A MSI (NIR-BOA)

i av by oo dZPNIERACIE. &% 40, ITLLAMBEER
K3 TOARSHEMBOA [ HxFLLEL K
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Fig.4 Spectral response curves of GF-1, Landsat-8 and Sentinel-2A
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Tab. 2 Equations for spectrally conversing Landsat-8 OLI to GF-1 WFV2 and Sentinel-2
MSI to GF-1 WEV3

FRIEA BB TOA I F 54 i BOA [ S e ey 7

WFV250LI 1% y=1.141 0z +0.021 7 y=1.219 1z — 0.013 6
s y = 1.125 42 + 0.023 2 y = 1.086 92 — 0.009 3

4 y = 1.054 9z +0.019 9 y = 0.953 92 — 0.001 3

SlRAR N y = 1.025 3z + 0.058 2 y=0.947 7z + 0.029 6

WFV35MSI % y =0.374 3z 4+ 0.017 9 y = 0.709 5z — 0.007 5
s y = 0.396 9z 4+ 0.010 1 y = 0.760 7z + 0.001 3

4 y = 0.414 4z +0.013 4 y=0.827 7z + 0.010 3

SURAW) y = 0.360 Oz + 0.040 2 y = 0.722 6z + 0.044 8

N T RIS H TR RIRBOR, AR50 Landsat-8 OLI F1 Sentinel-2A MSI 347 Ty B %
AR R LE BT GF-1 WEV2 M GF-1 WEV3 HEHT TR IE. iy, i 7 RARREA dirh
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Fig.5 The results of Landsat-8 OLI and Sentinel-2A MSI conversion value contrast with the

observed values of GF-1
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