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GF-5 AHSI mpt iR aedt 330 ML JGil #3700y sSnm (F] WG 205 )
A1 10 nm (FFZLANBEBY), AR 73 53 30 m, AR 0 HEEE 12 bit, 1ETE 60 km. VIMI 43 Bif%
TR 12 MNP, AT DG~ DA BRI LT AN B 6 NI B, IR R 38 20 m
140 m, HESHrHEER 12 bit, TETE 60 km (http://gaofenplatform.com/contents/558/1292.html).
A RS F 1) 3 1 AHSI AT VIMI ) [F]2 5248068 73 AL T H 7 S0 7€ FR 77 (2 %) A LU ZR T
Wi ). X FEP AR SR —3, B, KERWUM. T AEA 2, Hifk
TSRS B HAI ) — B (R 1), A 7T Ee 45 SRR A E A FE R[] Landsat
TEBATIRAE, RIS Landsat B W T4 T 2 @A H ¥ Landsat-8 T2 5%
14 (https://earthexplorer.usgs.gov).
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Tab.1 Date-coincident image pairs usedfor thecross comparison

AR f s i H WA KPR/ KBHF LA G XRFE

81 Landsat-8 OLI  138/032 12:26 60.31 162.57 B AE
GF-5 AHSI 2019-11-14 14:41 60.61 199.39
356/621
GF-5 VIMI 14:41 60.56 199.40
HUE 2 GF-5 AHSI 14:38 22.30 214.35 BRANE, A
354/621 2019-07-14
GF-5 VIMI 14:38 21.45 214.43 /b B #5H)
JREI Landsat-8 OLI  122/036 10:48 23.04 123.05 WA E, HFE RN
GF-5 AHSI 2019-05-22 13:13 20.82 179.80 LU=V N
310/611
GF-5 VIMI 13:13 20.78 179.80

73 A 3 M TR0 A AGO0 H d BCAS R TE R B8 X o 136 DX P08 6 IR 25 P8 M T (AT 4E

R IGERRHE, EEEHAMR. b mR Y, a6 X AR R &

TR, DA 53 7 45 W i B L T KT T P9 (s B R 22 DRI AR R S A 3 1

G RIE R TR RO, AR @I AR BOKIRSE BAT . . R R
WA 3 MRERIX, A RIEUE 1. BUE 2 ARG (K 1).
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Fig. 1 Three test sites (RGB: NIR, red, and green bands)

1.2 BiEpiLE

TE R AR AT 5 SR OE 1 B8 — 20 A 2 B R UG 52 1801 5 B (DIN) 4% e i o B
(at-sensor radiance), KRR IHERR S5, K HER RN IERAERYE. BT,
AU FNT AHSE AT VIMI X P Ff A% I8 1048 2 FEEAT 23S AT L, 3t 58 b 9
(75 9EP %), [FIRE, Landsat-8 OLI F [R5 0% th S i AR 55 B AME 5 AHSI A VIMI SR 78
BARRAT X LU IR . RS AT A R
Ly =My X Qcq +AL(1)
A L B A B, BeAy Wom 2 sttopm™y Qea AUEEE A HMGTTE M M Al
AR B A RS EER T, e AT DL AR S SO R R

AR SCHTR F I Landsat-8 OLI 524508 CL 45 RS0 LA IE 1 LT 47 &, 17 GF-5 (1] AHSI
FVIMI 528 R G0 RS0 TR B LL 20, 7 18 RPC S 8T R 40 LR IE,
W EANS—% WGS-84 ALH5 A1 UTM #52 . (HEZ IR, 3 Ptk A s A5 1) 25 (i Ar B
AEEVE, 2H 1 Z2EMEocrImZE, Fbil i AApR-FR 710K AHSE i VIMI 5214485
Landsat-8 S & A THCHE. HHT VIMI 524419 20 m 233 AS[A T AHSI AT OLI () 30 m 43¢
#, RIS 3 PR 1 HR R AL BT (R A B R A 20 B SR D 10 m, DACRIUETE SR AE i
FERAR S RAEAGTC A, ORI JE IR 6T (AN AR 1) [R] I A5 =25 ¥ 20 e — B

AHSI H A 330 B, 11 VIMI ZEX] B FAKTE N R 6 MskB, —H MBS
PRV e A —E. W VIMI 7E 440~510 nm [ G EK G RA 1 AN EEB(ED 1 3 EY),
1M AHSIZE i K55 FE A 16 AN B (R 13~28 I ER) . 9 148 — 35 it {5 5 7T IS B L,
¥ AHSI 5 VIMI XL Bk K 6 F N BRAE DGR BORINEBCF3AME, AR5 5 VIMI X R B
TG AT HUAE, XA AS R e B K AR R B E 50t i i 7 ik %8, AR vk i



W 2 AL IRER T 6 DN ILRBBIE B A T3& 2, [R5 M #)iEH Landsat-8 OLI XA i
BfE 2o

# 2 GF-5VIMI. GF-5AHSI fll Landsat-8 OLI % b7 i# Bt R AE
Tab.2 Specifications of the corresponding bands of GF-5 VIMI, AHSI, and Landsat-8 OLI sensors

. GF-5 VIMI GF-5 AHSI Landsat-8 OLI
T es . — . —— . —
WBS PWAANEFE/nm WS WATEE/nm WS WAYEFE/nm
% (Blue) B1 440~510 B13-B28 439~508 B2 452~512
%% (Green) B2 510~580 B29 - B45 508~581 B3 533~590
21 (Red) B3 620~680 B55 - B68 619~679 B4 636~673
2L AM(NIR) B4 760~870 B88 - B113 760~871 B5 851~879
o
HELSM 1 B5 1540~1700 B215 - B233 1541~1700 B6 1566~1651
(MIR1)
o
FHELS 2 B6 2060~2350 B277 - B310 2062~2349 B7 2107~2294
(MIR2)
1.3 X HEXF A

A YRAIE TR AR EE b RN - b 7 55 RN R 16 3 X e G 3-AT X B, DAIBE G S S A5 4
b &5 SR AR o 20 5K 3 ANIREG X A5 5 (R % LI B HEAT IR B Ge i, SR H &% %o ik B )
HesE ZE(RY. W2 (ME). 4% i 22 28 (MAPE) F1E4 77 HLi7 22 (RMSE) 3K i 2 340 591 & 0k S8 0 B
2 (VR I 22 5 SR 5o 88 X B BORAAR AR I8 X ) K /N2 3x3 8] 5x5 [RA%KAE, Kf 4%
NI B PR ISR AE R R AT R (R VA 404, SR HE A5 By B TR [T U 56 RO AR, DAHEAT 36
iE e 3 ANt X HL Kt 545310 £ SU(1B 1), KAEARRA B T4 1 W 53 A1 P R A% S 2% 2 T8] 1)
EEFZR. ME. MAPE 1 RMSE HIiHH AR T
ME = (AHSI — VIMI)(2)
MAPE (%) = |AHSI — VIMI| x 100/VIMI(3)

RMSE = \/%.(AHSI — VIMI)? /n(4)
X, AHSTRIVIMI 53 5 8 P RS SR 28 25 0 v B R e BE 35018, AHSIE AT VIMI 43 73 D #5468
N BAG T AR S, n A X B oA 2.

2 BRS04
2.1 AHSI 1 VIMI B REEEHE I L

KA 3 MR X AR B B SO RS2, NG R S B AR Bk B
B/ KA S JAMEL v 2 A3 B I P e R (R®) s B 450 IS 3p B A MR £ 5 2 (ME)
2654 i 2 ZE (MAPE) A1) 5 H 2 (RMSE) (38 3). W% 3 HHuJ LA, AHSI A VIMI 345 2 ]
1 REAE, 73 ARG X P HME M 0.817 (P<0.01). MIBEEBHImZE RS, 3 ARG X 1°F
¥ ME 2y 11.93, “F¥ RMSE N 12.92, “F¥fRZER MAPE 1A% 31.9%. MHKE, AHSI
FVIMI A% B2 48 L FE 2 18] ) 22580 A2 FL AR



3 AHSIFl VIMI X B BRI X LG (Bhr: Wom™ srt-pm™)
Tab. 3 Comparison of the corresponding bands between AHSI and VIMI

GF-5 VIMI GF-5 AHSI MAPE
B - R? ME RMSE
mME RORME E AelEZE BOME B WM hEE 1%

B
% 4955 7177 5537 148 5886  84.62  64.89 1.64 0751 952  17.19 9.55
% 39.09 6145 4503 1.69 5283 8440  61.29 229 0807 1626 3611  16.29
a 3212 5254 3861 1.96 4581 7826  55.77 282 0853 1716 4444 17.21
SIIRAW (N 2436 4227 30.23 172 2960 5269  37.25 225 0900 7.02 23.22 7.06
AR (] 7.28 890 819 0.34 796 1305  10.65 0.73 0609 246  30.04 251
LAk 2 2.18 282 254 0.13 2.53 433 3.49 027 0779  0.95 374 0.96
B 2
[ 56.27 219.42 98.21 1617  60.01 23911 11274 2136 0940 1453 1479  15.95
& 40.01 186.34 81.89 1561 5118 192.95 11305 2322 0937 3116 3805 3243
41 2417 15171  69.02 1655 3115 171.67 103.80 2690 00932 3478  50.39  36.72
ST A 2655 11454 66.46 9.86  28.00 15943 8394 1526 0.907 17.48 263 2057
LA 1001 2211 1415 1.54 335 5097  19.59 339 0685 544 3845 5.90
ERAR () 215 1001 410 0.79 074  17.30 5.77 157 0762 167  40.73 1.92
[
[ 4856  179.78 67.27 950 5572 211.03  75.16 1246 0839 789 1173 9.53
& 3119 156.95 51.23 9.32 3850 19112 6522 1401 0834 1399 2731 1550
41 17.84 13957 3810  11.11 2053  169.94  50.26 17.64 0846 1216  31.92  14.89
LT A 1456  124.88 65.02 13.21 1550 167.03 8264 1872 0.837 17.62 271 19.57
LA 569 2212  9.88 1.88 119 4853 1367 402 0701 379 3836 4.62
LR () 1.07 1170 236 0.69 021  16.78 3.32 152 0787 096  40.68 1.36
3 /QE%'Z 0.817 11.93  31.90 1292

MRS, 18 3 MAIS X ARt LI 6 AN B TE I A, VIMI B BEAE S B
MBS . SME AN bR E 22 H B0 BN T AHSL. BRIyt 20 A B B0 2 FEAEAR /DN, 3
ME 1 RMSE fi b5 B2 /N T 77 WS- 2L AMB B MRS, DR bk P B ) 190 2 S DA 40 %o v 225
Fabr KA E o 75 6 M BH, LB 22 3 R, 3 MRS X 1) MAPE 13415 31| 42.25%,
HUCONTLsh 20 1B 7398 39.60%A1 35.61%, Fifi 5 ik 1 N4k B (33.82%) I 4L 4N
B(25.54%) M5 I BL(14.57%) « MNHUR 0K (B 2), VIMI BB IR R R A A 1 101
LT, T HRIHBEE BRI, WK, Hh iR ash 1. 2 BB R S
B, HORPFE 3 MR X BE N T 0.8 AFLHIMLEETT LLA B, 5 BEAE AR AR X AT5 AT 25 Bk s
SrAAE 11 Zz b, B VIMIE S BHEARME X 48 52 BB AT = T AHSIL.
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Fig. 2 Scatter plots of the corresponding bands between AHSI and VIMI

2.2 AHSI M1 VIMI 5 Landsat-8 OLI HHE K xt HLIHE

T F AHSE A VIMI 852 FE R, 808 1. BeMalEe X K AHSE AT VIMI s
55 R 1) Landsat-8 OLI 4 i0E 47 5% ELERAIE (& 2 56 X K5k = [F] 25 (1) Landsat-8
BT ARBATH ). T 4 BISGIESE Rk E, AHSI %4845 5 Landsat-8 OLI [1)ZEFH I .
/NF VIMI. 75 2 AMREEIX 1, AHSI 5 OLI [#°F 3 {25 2 MAPE #B/NT- 5%, 1fi VIMI T
KT 20%, FERLEFLLAL 2 P BRI 58 B B (B 3). AHSI B A SEiR 1:1 28, 1 VIMI
2R 101 2R EISKRE, AHSI AR SRR ) EARS FE 28 T VIMI, H 5 Landsat-8

OLI ¥ A%k .

# 4 AHSI Hl VIMI 5 Landsat-8 OLI %4 (6 L ISE (3 Az : W m™2 srt-pm™)
Tab. 4 Comparison and validation of AHSI and VIMI with Landsat-8 OLI

Landsat-8 OLI GF-5 AHSI GF-5 VIMI
MAPE MAPE
HUETE HfE HfH v WE R ME % HUEVE B R ME o0
g1
iy 55.40~84.21 6226 58.86~84.62 6489 070 263 422  4955~7177 5538 068 -6.88  11.05
2 49.43~89.32 59.08 52.83~84.40 61.29 074 221 374  39.09~61.45 4504 073 -14.04 2376
AN 4542 ~80.79 5626 4581~7826 5577 079 -049 087  3212~5254 3861 077 -17.65 3137
BliRAR ) 29.27~5473 3756 29.60~52.69 3725 082 -0.31 0.83  2436~4227 3023 083 -7.33  19.52
herhh1l 846~1520 1164  7.96~13.05 10.65 0.86 -0.99 851 7.28 ~8.90 819 070 -345 2964
herhh 2 2.69~4.94 3.73 2.53~4.33 349 088 -024 643 2.18~2.82 254 080 -1.19  31.90
¥E 0.80 047 410 075 -8.42 2454
[

iy 50.49 ~217.79 6959 55.72~211.03 7516 083 557 800 4856~179.78 67.27 0.88 -2.32 333
2 3122~21524 60.76 3850~191.12 6522 083 446  7.34 3119~156.95 5123 090 -953 1568
a 17.73~21622 49.08 20.53~169.94 5026 0.84 118 240 17.84~13957 3810 089 -10.98 22.37
iAW 6.92~181.47 8747 1550~167.03 8264 081 -483 552 1456~124.88 6502 086 -2245 2567
sl 0.87~46.82 1387 1.19-~4853 1367 085 -020 144 569~2212 987 068 -400 2884
st 2  024~2222 332 021~1678 332 084 000  0.00 1.07~11.70 236 078 -0.96  28.92
¥E 0.83 1.03 412 0.83 -837  20.80




AHSIvs.OLI [l VIMI vs. OLI
K3 AHSI A VIMI 214k 2 3B Landsat-8 OLI X B2 BEIRS EL
Fig. 3 Scatter plots of band MIR2 of AHSI and VIMI vs. band MIR2 of Landsat-8 OLI

2.3VIMI 5 AHSI B8 H B3 I01E

BT 208 2 350 X E TR E TR AARE N Ers s, HREARL, M magmess
MRS, LR 1 AR X B A B ARER M, DRI AR S 36 R FH 308 2 358 X
FAZH VIMI 5 AHSI ¢ R M AT ZBUE 1356 X B TI0E, 5 il X 2UE 2
RIEX VIMI 5 AHSI 538 B S (B 2w i i) AT [mA 0 BT 3R A5 1) =38 2 A1 %
RITRE(T 18 P<0.01 581iF).

%5 VIMI 5 AHSI 552 B ke 35 15

Tab. 5 Equations for the conversion of VIMI radiance data to AHSI radiance data

W KREIHE

i AHSI = 1.2433VIMI — 9.4078
% AHSI = 1.4398VIMI — 4.8956
a AHSI = 1.5648VIMI — 4.2369
SIIRAW (N AHSI = 1.4656VIMI — 11.45
Hergh 1 AHSI = 1.8276VIMI — 6.2666
SR ) AHSI = 1.7754VIMI — 15173

F3R 5 19 AR BIARN BN AN ZUE 1 3R58 X VIMI 558 N BEe A8, o Has g
BRI TR G oC A, SRS R MBI RIE(R 6); R R A MR ETE 2 MR X
43 KA 85581 Al 70981 AMAF 55, 22 H VIMI Hi i e 5y J5 i H0S A RS RN 26 &
XA 4).
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Fig. 4. Scatter plots of VIMI radiance data vs. AHSI radiance databefore and after conversion



6 VIMI Hdla et i J5 1O RCR X E

Tab. 6 Comparison of VIMI radiance data before and after Conversion

i M e 0 iy Ji M e B 1 T W 1 s
W vE MAPE ’ﬂi ME MAPE ?Jr}; ME MAPE Mz ME MAPE ?li
1% % 1% % 1% 1% *%
% 7.89 1173 0129  -0.93 125 0092 | 951 1718  0.027  5.45 9.17 0.218
s 1398 2729 0282  3.65 530 0109 | 16.26 36.10 0238  1.35 2.25 0.140
41 12.16 31.91 0353 512 925 0136 | 17.16 4444 0343  -0.41 0.73 0.142

plRAR 1762 2710 0.191 1.20 1.43 0.188 | 7.01 23.20 0.251 4.39 13.35 0.146
Pasbl o 379 3837 0.778 -1.89 16.00  0.027 | 2.46 30.00 0.679 1.95 22.37 0.081
Fa4sh2 096 4093  0.951 -0.66 2479  0.099 | 0.94 37.03 0.827 0.49 16.25 0.029
B 9.40 29.56  0.447 1.08 9.67 0.109 | 8.89 31.33 0.394 2.20 10.69 0.126

TE: FERZERUA 4 AT RERRR S L1 L2 EREE

M 6 FTLLE H, B AR 156 X 1 VIMI $8 22 5 B i i th #iod 2 w56 X 3R 7511
KATTRRMAT ARG , 5 AHSI I 1 2 573 0 S 400 /0 o JBe 6 IX %9 B 11T 244 2 %6 MAPE
MIEHR T 29.56% B4 F 30 f5 1) 9.67%, KR FRFIT 20 NE 70 BUE 1R X &4
SR REE 7T 20 NE S . ARSI BUR A ATEREE 1:1 2 (B 4), BEMES X 1 PR A
ZEM 0.447 TFEE] 0109, FEKT 3.1 F5, FUE 1KMW T 2.1 5. Rl B R e,
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Fig. 5 Paired soil and vegetation samples collected from AHSI and VIMI images of the Dunhuang 2 test site,
showing the difference in color and pixel numbers due to the resolution difference between AHSI and VIMI

images (RGB: NIR, red, and green bands)
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Tab. 7 The impact of the resolution difference between AHSI and VIMI on radiance data
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Fig. 6 Saturatedradiance data of the green and red bands of AHSIsensor in bright areas (red color indicatesthe

saturated pixels)
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Cross comparison of the Gaofen-5 AHSI and VIMI sensors
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Abstract: The Advanced HyperSpectral Imager (AHSI) and theVisual and Infrared Multispectral
Imager (VIMI) are the two sensors onboard China’s Gaofen-5 remote sensing satellite. These two
sensors provide images of different spectral and spatial resolutions. To date, the quantitative
relationship between the two sensors’ data has not been investigated in detail. To understand the
quantitative relationship and the calibration agreement between AHSI and VIMI, date-coincided
image pairsofthe two sensors from the Dunhuang calibration siteas well as the Tengzhou area were
used to conduct a cross comparison. The approach was achieved by evaluating the consistency of
the at-sensor radiance data between the two sensors. The results were then validated to those of
near-simultaneous Landsat-8 OLI sensor. This study findsthat the at-sensor radiance data of VIMI
is overall lower than that of AHSI, with a mean absolute percentage error (MAPE) of 32% and an
R? of 0.817. Among the corresponding bands, the red band has the greatest difference between the
two sensors, with a MAPE of more than 40%. The validation to Landsat-8 OLI shows that AHSI's
radiance data is close to that of OLI with a MAPE of less than 5%, while the MAPE of VIMI is
more than 20%. Given the differences between VIMI and AHSI radiance datarevealed in this study,
it is suggested to correct VIMI data if both data need to be used together. The conversion using the
model developed in this study based on the Dunhuang site shows that the differencebetween the
VIMI and the AHSI radiancedata can be greatly reduced after conversion. A synergistic use of
AHSI and calibrated VIMI data can greatly benefit the science community by proving a
high-quality observation of the Earth.
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