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Abstract; Since its on-orbit operation in April 2013, the wide field of view ( WFV) sensors onboard Gaofen-1 ( GF-1),
where “Gaofen” means high resolution in Chinese, have continuously collected multispectral imagery of the Earth's surface.
The GF-1 WFV sensors have provided abundant data sources for many fields including ecology. The fact that insufficient site
calibration (i.e. once a year) as well as the updates lag of calibration parameters might limit the quantitative application of
the GF-1 WFV imagery to a certain extent. However, current literature has only mentioned radiometric calibration of the GF-
1 WFV images as a pre-processing procedure, whereas has rarely discussed the possible impacts caused by improper
selection or misuse of calibration parameters. Based on the radiometric calibration parameters published for the GF-1 WFV
imagery (from 2014 to 2021) and four scenes of the Levell A data products, the issue on radiometric calibration bias was
investigated. Furthermore, impacts of the radiometric calibration bias on the top of atmosphere (TOA) reflectance and on
several vegetation indices commonly used were discussed accordingly. It showed that, generally, even the calibration
difference between two neighboring years were considered, in most cases, improper selection of the calibration parameters
could result in a significantly relative bias in the TOA reflectance. The bias in TOA reflectance further challenged different
types of vegetation indices with varying degrees of patterns in practice. In particular, mainly due to the radiometric
calibration biases, the obvious errors were more likely in the normalized difference vegetation index based on two bands, for
monitoring sparse vegetation coverage area. Actually, the normalized difference vegetation index has been commonly used in
assessing vegetation status as well as surface dynamics. At the same time, for monitoring high vegetation coverage area, the
simple ratio vegetation index with two bands was possibly confronted with greater challenges. Consequently, to make full use
of the GF-1 WFV Levell A products, it is critical to solve the radiometric calibration problems. In this study, a time
weighted linear interpolation method was proposed. In the interpolation process for a specific GF-1 WFV imagery, both
radiometric parameters obtained closely before and after the imagery acquisition were integrated. A case study suggested the
effectiveness of the proposed processing to improve the radiometric calibration of the GF-1 WFV images in Levell A
products, as compared against the results obtained merely based on public calibration parameters. Finally, general users
should pay much attention to the radiometric calibration of satellite remotely sensed data (e.g., the GF-1 WFV multispectral

imagery) for their quantitative applications, as discussed in this investigation.

Key Words: multispectral imagery; Gaofen-1; vegetation index; radiometric calibration; reflectance; relative bias
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Ko, As, o, MUEBE i 1R EIRGPRAXMR2E , Gain, A A Gain, 200 B @ (934 25 5 A 25 B W 25

®1 CBEXNHH GF-1 WFV SXEENERSHE (Htie)

Table 1 Calibration parameters ( gains) publicly accessed for the GF-1 WFV multispectral sensors

LI K i B D) Year

Sensor and band 2014 2015 2016 2017 2018 2019 2020 2021
FelEARAL 1 #5905 BE WFV1 Blue 0.2004 0.1816 0.1843 0.2165 0.1824 0.2144 0.1932 0.1722
LRI BE Green 0.1648 0.1560 0.1477 0.1685 0.1546 0.1647 0.1604 0.1496
TP BE Red 0.1243 0.1412 0.1220 0.1354 0.1270 0.1228 0.1280 0.1227
LT AN BE NIR 0.1563 0.1368 0.1365 0.1507 0.1344 0.1213 0.1341 0.1262
FelRAHL 2 BB WEFV2 Blue 0.1733 0.1684 0.1929 0.2097 0.1851 0.2368 0.2057 0.1792
LRI BE Green 0.1383 0.1527 0.1540 0.1630 0.1538 0.1745 0.1648 0.1534
TP BE Red 0.1122 0.1373 0.1349 0.1339 0.1231 0.1254 0.1260 0.1232
JELTANI BE NIR 0.1391 0.1263 0.1359 0.1521 0.1314 0.1163 0.1187 0.1291
FelRAHL 3 BB WEFV3 Blue 0.1745 0.1770 0.1753 0.1870 0.1894 0.2139 0.2106 0.2044
R Bt Green 0.1514 0.1589 0.1565 0.1619 0.1728 0.1797 0.1825 0.1844
TP BE Red 0.1257 0.1385 0.1480 0.1295 0.1343 0.1344 0.1346 0.1429
LT AN BE NIR 0.1462 0.1344 0.1322 0.1383 0.1373 0.1337 0.1187 0.1453
FelRAHL 4 BB WEFV4 Blue 0.1713 0.1886 0.1973 0.1770 0.1866 0.2442 0.2522 0.2102
I Bt Green 0.1600 0.1645 0.1714 0.1521 0.1599 0.1945 0.2029 0.1808
2T BE Red 0.1497 0.1467 0.1500 0.1322 0.1307 0.1547 0.1528 0.1442
ITL AN B NIR 0.1435 0.1378 0.1572 0.1349 0.1251 0.1037 0.1031 0.1362

GF-1 WFV; &5 —5 I AHHL Gaofen-1 Wide Field of View; &5 WFV1 2020 4F MBS EUE IS A AJG 4R (JFR /NS 5 07) 5
2013 AERYERR REE S T I8 MRS &, 8 T JRAR Y 7 (8 A TEAR R A © AT 19 2014—2021 4 GF-1 WFV - B s & 1924 0, it LA
R H R 25 5 TR E RS EK B htp ./ www. cresda.com/
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2, AVEFN VI 53 5 AR R OR 25 FURLAAR R, As, p, T As, p, 535 BE § FEEBE 7 19 S5 AR X O 25, A%
SO BERIARRS ZE AR ((As, g =As, ) ) E CORRIBAEEUN 2 REL

A1 (6) AN (7) TR X P 5 B g £ BB 0 P e BEUH — H TR P IS Ui B, DR D5 B S0 7 s i 22417
SR IS T 4 S B AR BRI AT A BEAY S S AR AR i A e, S PN BER AR X R 22 (As,, H1
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Table 2 Two types of vegetation index to be discussed in this paper

LR E =51 27 3CHk
Vegetation index References
FEAE Y Simple ratio
s SR = B [39]
VI = — SRed
5
s
GRVI = [40]
SGreen

JH—AL %Y Normalized difference

oo (SR = Sked)

s =) NDVI = ————C [41]
(snir + Sgea)

s; + 8

i

VI =

(SNIR ™ SGreen )
GNDVI = — & “Green” [42]

(snir_+ SGreen)
B S Green ~Sred T sy TP SR LLRIAT LTSN B ; BRASHI A ST, AR SORE 5 2103 B AN 2 i Be i R BOGTTE 15 K00 S0 SR Dby 2 T 410 i Bo e s
L (Red based, fl SR F1 NDVI) FIETFLEik BEAEYEHEEL ( Green based, W1 GRVI 1 GNDVI) ; SR ; 41 I8 Bt HL (B B AE 9415 %X Red based simple ratio
vegetation index; GRVI; £% ¥ Bt Lt {E A% 9 75 $L Green based simple ratio vegetation index; NDVI; £ I Bt U5 — b A #% 45 24 Red based normalized
difference vegetation index; GNDVI: £t BJA—fUAE#E 464X Green based normalized difference vegetation index

1.2 TR e 1 Re e e AR AR 1 e R 2 SR A IE

5 R R YR 37 Ml A S s AR IR 2 B S B0 HE B 1, 0 T D 3 25 10 (AREBR ) K SR fh AR B GF-1
WEV S AG R i SRR R e RIS 0L, th 3R 1 T HE  #02E 2021 48 817, GF-1 WFV &A% s i i
PR R A T —E RN ; 5 WFV4 fH L, WEVI iR S HERE AR E . SR1T, 4T GF-1 WFV 85T &S5
AR A AR J5 |, FEAE IO AR IS R S G I FLSE A R e (181 1) 2RIl Be S B8O B R I
JRS AR ZEFE R PR AR B 52

TR RIRIF ] ()

Bi—YCE AR IR
R () BI—RERRS B
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T
e PR BB (m—my,)

JE—UERRIR
REE (my) R RERSH
ﬂ A (pr)

l

|
I ) BEL B (my—my,, 12451)

El 1 GF-1 WFV i F 3t ERIBI R AT L ENBEEREREE
Fig.1 The routine of field calibration and parameters updates for the GF-1 WFV sensors, and the proposed method based on linear
interpolation for correction

GF-1 WFV; 55— 5 S AHAL Gaofen-1 Wide Field of View

PG REERT SR IR MRS ERRS B E A, S IOk [ 34 ] P R9FEES , AV FIAERS GF-1 WEV Level1A
AR R I K B AEPIR U EARIRIE Z 8] (m, Fom, SORBREI A ) GF-1 WFV 128 5 1 e
S S ARE TR Y, T R FH D) BB ST i 2 A PR A7 fe o) B A A B (LR A T I A

(L), =L x [(L),, = (L), ]+ (L), (8)

S, (L), i P d S B W B i FOSBITSERE R (o ARMAR R ) | (L), 1 (L), 5P
TR (4F) R0 (4F) BRS80S WEE i DORRSEEE N, m, - m, WIARIEHE (m, J
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FIE g5 aEwn AT (20(1)) , 53] GF-1 WFV 28 8E RS EmB IEA R .
N _ mt - 8
(Li>z - 12
A, (Gain,), Fl (Gain,), 535125 HAGRERAXRIYET—R (4F) FUF—K (4F) BB i Mgt

2 iR

X [(Gain,),, = (Gain;), ] X DN; + (Gain,), x DN, (9)

ARICRHT 4 5t GF-1 WFV S8 (32 3) SRIFJRAIL I S0 50T - 58 A S 8008 FHAS 24 19 52 i) 10 4 S
TEFMEIE R AR, GF-1 WFV SR8 342k | o [ 58 5 T3 52 7 FH rocs 9 i b L0 T3 2 8040 iR 557 65
(http://36.112.130.153.7777/DSSPlatform/index.html ) , — P SEAREAE R 48 S0/ (Ltar) #H F LT WFV
AR (ff) | SR TR ST (XML AR T LA R G A RIS (Lrpb) o (EASVE B Y
&, AR WEV B A5 (WFV1/2/3/4) eI BAE B A AE—E 225 X R B E 022 57 S 4 R R LK
L — B R BRI AR SCTE R S e b B IE Z B UR FHARSE (GI) A GF-1 WFV1 S35
i (3 3), BIXF He e p B IE F e 2 L S S R A B F BB

*3 AXERERFISTHREH GF-1 WFV 2&EIESE
Table 3 Data collection of the GF-1 WFV imagery used in case study

&R Sensors ARG ST Imagery files
FelEAHAL 1 WEVI GF1_WFV1_E117.9_N24.6_20181218_L1A0003693183.tar

GF1_WFV1_E117.4_N24.6_20190124_L1A0003786905.tar
GFI_WFV1_E117.3_N24.6_20191210_L1A0004460277..tar
FEMFAHML 4 WFV4 GF1_WFV4_E119.4_N25.2_20191124_1.1A0004418207..tar

3 HR5ITR

3.1 BRI ZE SR Um 25 R AN R OC R

2 20 (8 2 2 30 I8 36 [ 22 4 Al w48 RO 25 1SR IX, B RE w48 B T 25 R B 4a X e
(1 (As, p=As; 2 ) 1) T TWBSIT AR R ZE LN (| As, | B[ As, g, |) 5 IR M, 2T 6528 2 509 95 6N
ARG 25 R K008N X BRI R0 22 R A X (| (As, g —As, ) |) RTS8 X i 22 1) 268
XHE, AT 7EZH0E 00T R B0m 2 RECS ARG X, AN M, 2790 B 1) B S SR AR iR 22 [ 5
IR, S — R R L N PR S s O 2 2 AR 50 A 1495 i 5 D S 2 R 0 B3 19 2 5 23 A X i 25 (A
I AR AR AR B0 22 R B AR INX (2905 25%)
3.2 ETFMET GF-1 WEV EARSBIN G W4
3.2.1  PRBUR F IS RANH I 22 RS KU 22 280

&l 3 FIE 4 730 7R T & X GF-1 WFVIL Fil WEV4 IGEiH a5 R (PR /IS E = A00) . T EF8 i
J& L3 4 NS TFERPEAMRZE (RE) (E8R TS ARG S % S RIME (IS 445
PR 4 3 A b T B0 D B B SR AR 22 (kAR HR BUm 22 R ) . iR Z 2 (RED) FoRER
ZHSHAEL AR SRS (25 IR SRR T HABAE Oy R ST e AR S 8 (25 =), 51k
i B b RO SRR R w22 (SR R B 25 R A . AR S, &1 3 it 2isMpk B (NIR) A b sUap et
2ZZAE (2019,2017) ZEXFRAE (0.242) , FRSELL 2019 4EHYBE 2510 NS A5 R0 5 2017 4588 25 F A XS L
AR ZE (RIBEBER B O RANRZE ) . UL, FEASIZCR F 2019 4R SRS EFR S EIT AR T 2017 47
HERSTERSEIEILT , 232 GF-1 WFVI NIR JER R R m 2253 0.242 (24.2%) , TR, 5HX
07 PR 3521 00 B ) R e P 50 25 2 BRI 35 T B I RS 50U 22 R 8053 3113k 31 0.140 F10.219 (1 3)

AR b XIS AR AR 0 5R An S 8 2 T80 B R T R S5 R A 4 H )
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Relative bias in reflectance of band j
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Fig.2 Relationship between relative bias in channel reflectance and the deviation coefficients for vegetation index
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GF-1 WFV1 i & , ZEAR 2R FH 2019 4F 08 bR S50 1R F 2018 4F 0 E bR S50t , SR B 210 BRI 21 Ak Bt
(52 b S A R R 220520 51 —0.061 ,0.034 1 0.108 3 MW Hb , T2k B (A WS UM L T21 9% B i Rt
FEE I 25 R BUE 730 h 0.169 F110.074 (& 3) o AT, 4R 5 e AR S 805 5 300 2 1 RS % 0 25 B HL i B
V) 2 5, fof 45 T 2 R 48 00 D 25 R B IO [R) A B AN A/ BV P S R 40 47 003 [R] , 76 22 501 L T PR
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Fig.3 The relative bias in channel reflectance of the top of atmosphere and the deviation coefficients for vegetation index resulted from

misusing the calibration parameters ( gains) for the GF-1 WFV1
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Fig.4 The relative bias in channel reflectance of the top of atmosphere and the deviation coefficients for vegetation index resulted from

misusing the calibration parameters ( gains) for the GF-1 WFV4
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Fig.5 Errors in vegetation index related to the bias in radiometric calibration for the GF-1 WFYV sensors: simple ratio vegetation index and
normalized difference vegetation index
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Fig.6 A GF-1 WFV1 imagery over Xiamen Island and its surroundings and the errors in vegetation indices resulted from misusing
calibration parameters: simple ratio vegetation index and normalized difference vegetation index
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*4 AT EAREHRERE GF-1 WFV1 &K E ERHEMEHIERER
Table 4 Channel reflectance of the top of atmosphere and vegetation indices for the invariant object in two GF-1 WFV1 imagery acquired at

different but approximate times
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