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M OE: RO EOR AT BRI R LT FREFDEREE R, SRl RN AR Tk, M
HOG2z s a) 4B S, aler sy dh Ay s (B AOEE = 4R, 75— RSB BER T, BRICSEIE B P
FREVIESAFAE LT, X ) BORS 40 0 AR HAT S 1 B A0, A E R 6 b R T BT ROR T B, A
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RN FHETTRABESE, X @GRS R IR B D C B [ IR E . DLk B SR i BRI R
RS RESFRRAR T TR AR o TR I A2 IX S A L 20 SR AR, 2 [ N b ik I v — EHE L S 1Y
TOARME AT o AR SCEEEXT [ NS RO USRI BOR BEAT T4, A T NN PR . R DL
AGIE A, LA EAE R RS IEAEBF R A Ji i B B G R AT, IR T Tk e AT BB T 5
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AN —UCAREDE TG FRF A 1665 4F 2
WRFEAT B9 R FHOG S5, At i o 48 B 41 K FH e it
BAE—EWUFHEF A R BESE, 1 2 HOLH
S Z M A A TR . ELIE A S RO
MRS 5 — R R B IS, 2 1983 4F
5 [ s 2 30 = WA A 5 — B S OGS A
AIS-1. B RECHAE, 6k R EORTS 3] 1t
K, G ETEN 2 E ZE R T — &
FUSAGOEIEAL (AT 45, 19925 XIVHAE 45, 2002;
Tong% , 2014; Transon%%, 2018).

o G T AR AR TR R T AE T8 1 B N AR I
HArm A b T2k 40, FeRE BiRm
JUfAr . &SR BOGTEAE B, B BRIk, S
WY “HeL PO SEGR a0k ZOtiEE
JEERMLL, BRSO F AW TR A
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BE&WB: EEESH LR (45 :2016YFB0500400) ; [H 5 &4
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(1) LI HeRm, MIRNBZ; RmLigK
8T ASCHY D' 1 38 1 4 I R B A T BT B0
WEEAN, O AR —BAE V100 2247 . @l
T BA R G R AR IR RN, LT B A
ARIIETE AR SBORG 4, FRE St i Y
AR CRFAIE o

(2) “HEE—" BRIREA ;s ][RR A
PIRY LA | B RO (RS, AL, ST
JCIEAXRE ) T —MA, B AR B ek, i
HFREOCHE R M2, SCB HARRY “45280 .

(3) BA R HYRGI M0 TT; ML
Jerp A 8] BRI A EAT A TR A T =
HERAR , TE—E B2 AR, ARIBCIE S B
L P 00 i e 1) T R DI, X 3t ) 40
FAPBI A ZE I R PE 3

M TR ARBA T ERES T
s, BERE MR SLREIN 1, REAS AR OB ) 1 D6 1%
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Yoo (5B, TEHDIRT B o SRR B0 A5 R Oy T
AERBIEHE, Wik, mLiEs s Z 0
T TRER, MBS . EErEprse . RisT .
AR AN A Wy 2 A el (S5 Rk 4%, 20085 Li
4, 2012; KK 4%, 20165 XA 45, 2019),
A RS ST

2 HLBGE GG AR AR A K

A 20 20 8O4FACHI], SC[E NASA JPL ALt
il tB 55— B ML UG OETE AL AIS (Airborne Imaging
Spectrometer) (VaneZ¥, 1984), JFFE7EHuFTh . i
e R RV =P s se i JIN) i VAP =B =1D
TEEEARTGR] T A e (Z=#, 2006; Michael,
2006; HFHE, 2004; FRAKSE 4, 20125 THE 4,
2012; FUIE 55, 2006) .

1987 4, Ry 1 AR IO 1% F 43 [a) £ 55 3 FEl B T
HOEE, SEEIPLITAR T HLERT WO MEO GG
AVIRIS (Airborne Visible/Infrared Imaging Spectrometer)
(Vane, 1987), ZHAEER-2 CHL L, WA 1A
Bl T B U Y LB R G T AL IR AR . SRR
A FEEr =0, BA 224 8B, JGiga
4 0.41—2.45 pm, JGIE 5B 10 nm. AVIRIS
AR HEAT T A2 py et S Tt R R PERE
A 25 20 VO B9 o CREZE A 4%, 2003;
Asner fil Heidebrecht, 2003; van Wagtendonk 55 ,
2004; Cheng%%, 2006a, b; Veraverbeke %5, 2014;
Seidel 55, 2018). Hf—fUAVIRIS-NG HA7 4254
WIE, GG FERIE S 25 nm, JGIEEH 0.38—
2.51 pm, HEMABHON N & 4 i SR S gk i pL AR &
LA 2 — (Tripathi #l Govil, 2019).

1989 4%, N E= K ¥ ITRES Research 2 &) #fi i}
TN A5 6 1% A CAST (Compact Airborne
Spectrographic Imager) . CASI (Babey #1 Anger,
1993) Ay BB . Ao e BE AR AT AE /AT TP
i, AT LAGS & BE SR AUR GPS X MR B 47 )L
IR IE . 1993 4F, 2% 2% Specim 23 7 il i T #EH1 L
AR R GE ATSA (Makisara %5, 1993), Z RS0 &
S ARAX . R GPS/INS f& 5 1 PC Kl HE 3k B
BT N, REARAE AL B, 2 REREXT M TE H BR AL
AT LI B FRCIE R A G A R 45

1997 4%, IR E 4 1O L 23 =] ISPL AF i A=
72T HL R A% O S {1 HyMap  (Cocks 45,
1998), FFIFAG I T RO EHER , 7830 BT I 44 4 ink

el 20 R A 8 Tz A (Herig 5%,
2001), ZALESECA SATEN RS (GPS) . EALFI
WESHICFRE (IMU) . =i ERIBE4 LU
RSt W B E WAL BE R GE, Al AR AT AR 2
BSHEMKISE, MEGEAT IUT R AR IE
L ZAEM K, HyMap B2 B8R B — AR 52 FH AL
DG BRI R Z —

2003 4%, HEJe R 2R — LT WL
TN AVIS-2 (Mauser, 2003), Bt
RO AR L EE R AT TR LRI ] A
RUKHL AR . 2004 4, S [ 5 8 23 1) o
O B A 1 9 R A T AR O 15 X CRIS (Williams,
2003), XJE— G RV K Y e
AR A AL OGS . CRIS fr il W% &
TS AR LTI BUS P 5 RGN . T W
JEi B 3 2 56 MG TSR CCD #RIU 25 41 AL,
Tk, DIRBOKSR e, R mE
FRETEFER,; LMNUE S R G TR B0
£ 48.0—10.0 pm, HITHREBUKIRGE . ] Wk
FLLAME BARZE G, AT RS b Bl b 3 1] v 119
FARMN TR, WHEEAEY . tFi5 kY
3 HBCRY R A5 R TR K ) AR D ARONE o 2005 48, BRI
Bty = F L A B 2 [R]BAF ) AT 3 AR 3 A APEX
(Airborne PRISM experiment) o TZAN LS 1997 AR TR
Bt HERR TR TR ESA () PRODEX
T B BHOGTE AR, TF AT e A i A
HE R B OIS AR A B HEAK S FE AR (Ttten 55,
2008; Schaepman 5 2015),

BE & R IATRE . B E T2 A T R R B
A FEE AR KR, HLEOE IS BUR R H T R
R 2 B XA T 25 A 0RO AR
H LGS A E R R B s S B, H
bR bW & A P ML OGS S 1 B E 2 A K
i1 Spectra Vista Corporation (SVC), 252y Specim,
N5 KA ITRES Research 2, . Specim ) AISA
FIITRES (19 CASIJ& B i iyl A6 78 B A by i AL 80t
RS RGE . 1. 280 T A RGHEbx

A 20 tHE20 80 AR U LR AL (O I Y
WEdl, WFIE kIR S EPRFE A, dh ER P
AR AT (LLR AR R BE v
fit) WFHIE MAIS, OMIS, PHIZ5EHL 346151
(Wang Fll Xue, 1998; XIHRAE 4%, 2002), Tkfgds
br (3) 28T EFREHAKT-
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Table 1 Parameters of typical abroad airborne imaging spectrometers
pUESS AIS-1 AVIRIS AVIRIS-NG HyMap AVIS-2 APEX
JEREEE/wm 0.44—2.4 0.38—2.5 038—2.51 0.45—2.48 0.4—0.85 0.4—2.5
ST T 128 224 425 100~200 64 300
BT 9 /nm 9.3 9.7—12.0 8.1 10—20 7.0 5—10
BER L /mrad 1.91 1.0 1.0 2.0 22 0.48
M) 3.7 30 34.4 60 55 14
A K I I #HA #HA =
N AL NASA/JPL JPL NASA/JPL ISPL, FERR i —LL A A
AEA 1982 1987 2012 1997 2003 2005
F2 EMAEBEFLIERR G ENIEIRSE
Table 2 Parameters of typical abroad commercial airborne imaging spectrometers
S CASI-1500  SASI-1000A MASI-600 TASI-600  AISA FENIX  AISA KESTREL 16 AISA IBIS ~ AISA OWL
JGHEE Fl/pum 0.38—1.05 0.95—2.45 3.0—5.0 8.0—I11.5 0.38—2.5 0.6—1.64 0.67—0.78  7.7—12.3
P S TRIER 288 200 64 32 361/448/622 378/189 1000/500 100
Z= gt 1500 1000 600 600 384 640 384/768 384
Mg fh1(°) 40 40 40 40 32.3 40 323 24/32.3
F4L 3.5—18 2.4 2 2 2.4 2.4 1.7 2
JGi% T BE nm 35 7.5 32 110 1.7/3.4/6.8,5.7 2.75/5.5 0.11/0.22 48
93677 el A A S P-G-P P-G-P P-G-P P-G-P

TE: P-G-P: i+t + i .

®3 ERNABNBBGRIEEERSH

Table 3 Parameters of typical domestic airborne imaging

(Operational Module Imaging Spectrometer) , F:Aifi Ff
ST G 45 A 2 S BRI gl OB AL, B

spectrometers B SELTAN . FPLTA . PR LT AN
ﬁg% OMIS PHI J:/WN:E/ JLWIR élﬁl\ (04_125 I.Lm) s Ej‘ﬁﬂy 128 /I\ﬁiﬁﬂg%i%[g
— : BEE, S 700, BRI 3.0 mrad, ZJ5
SRS /pm 04—12.5  04—0.85 0.39—250 8—I2.5 . e Dy b
ﬁ‘f ﬁ; ST 0 T CCD B 7 K8 e 1 B 1%
e E % 128 244 490 75 .
! M; {XPHI (Pushbroom Hyperspectral Imagers), 7F0.4—
23 1A T 512 367 2048/2048 320 - o s
‘ 0.85 pwm JCHEEEIN BRI T 5 nm, 324445501
MIF () 73 42 61 60.5 v R .
TE TR /nm 2—38.
A9 kgo FFHIE—LAAHIHH TG CCD =L
st . . i i N9 kg FFE—2A ) TEAL IR,

1% {Y WHI (Wide angle Pushbro—om Hyperspectral
Imager) , TR ICECE N2 1304 4>, BEE AL 37 £
0.6 mrad, S MY R 420,

MAIS. OMIS. PHI % a8 13 1 [ Py b it
o PN WO oy KRR
Ml A D T AT 1R AR R A T SN
TR T m i R HAR B2 N A (Tong 55,

19904F, WhRHE EIFE T I b 2R —
ML R G R MATS (Modular Airborne Imaging
Spectrometer) (Tong %5, 2014), H ] WAT 21 4b
(0.44—1.08 wm) . JHPLLLAN (0.5—2.45 wm) FiIFk
ZLAh (8—11.6 wm) 3MSEADEIEAH M, St

WEHHIRN 32, 32, 7, JEESPER K20 nm, 25 nm,
450 nm, JEHEAT TSRS . 19984F, HRgGE i
e Wy e R ) S R AR e Ak AR O 1% 4L OMIS

2014) . 2005 4F A [E B} 2 B bR E AR Wy #AE 5T I n)
R PG 1 T ALER ARG (OMIS-1T), 52
BT R E AL AL A S OB R, IS TE
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Fl | kL ROMNE T H AR AT TR
FrAElk o o Y AT AN ST L 2 R AN ] 1) A
VEMI MO 40 732, T HL AT DUAT R VR G K 3 By
B, wghh, ik n] DU R T b A 5] 59 B 4 ok 5
(1), NHEERFEEUE T EOCHE R EOAR A
BN HOE, TR PR B AR T E ORI, IR
BT DT A AR

K1
Fig.1

OMIS-11FRIAY J2= TOOAS [m] 490 44 S 1% 6] (Tong 55,2014 )
Identification the different roof steel by OMIS-II
(Tong et al., 2014)

2 T 2R EREEARVI KRR,
HRBE U P TR R T B 5 AT LB K 3 AT A
U B I WL A ME 2 A PR AFE S o BIE R B AIL 2 9E
R A UG bR HE AT B A e bR R, H
TR E . MM . RS Gika s s
—HHEAL R E AR I UE IS, S RO R AR
ER AL . BT & B9 JVNIR/JSWIR HL 2L AT ULk

21 SN R DG AR AT, P 2 HE R GA
43 nm, S MILB 610, 25 [A] 53 P A0k F

0.5 m@1 km, FEMWREIEIR (£2) & T EHIMRH
) AVIRIS-NG (Tripathi il Govil, 2019), #ff % %)

JLWIR #L 2 B 21 50 O TR A, el 73 # R ik
*4 EIERGHIZH

60 nm ., B A IKH] 60.5° . 75 [A] 43 PR IA F]
0.5 m@1 km km, FEMEREFEM (£3) & T HEIL
Sk LRI 2S TASI-600 (Achal %, 2007).
3 BEEDGIE USRS 1Y A

HEA 212 LIK, FERLZERAN A BB ] O 4
J7I A SR, RS R K E 2y 4y R O
TG AR B A [ N I SE . 2 4. SHH ESNE
R AT R AE B LY R 2 e T IR AN . AR AN TR
M TARJR R, FE A H AR (AH b
FRTHHEMRD) FnFaa, SRR RALER I T .

(1) MightySatIl. 1/FTHSI: 2000-07-19, 2
ML E (AFRL) & 5 1Y MightySatll.1 T
B0 FTHSLE 56 — 5 B 3000 3 0l sz nh 13
GGG AR AL (Yarbrough 55, 2002) .
BUIE S 547 km,  RERBG PT AR BRI TR 15 kmXx
20 km DTG EIME . IZALER AT LATE 0.47—1.05 pm
JERE AR 146 N EIEE A, IS PER 1.9—
9.3 nm, HLE/PER30m, 11737,

(2) EO-1/Hyperion: 2000-11-21, EEKSHT
HEROWM TR 15 (EO-1), H F##%#) Hyperion
GG RS AL (Pearlman %5, 2003) K] T Offner
DG G EE R o Hyperion A9 X8 58 B2 7.5 km,
MR 30 m, I 0.4—2.5 pm, H2FEH
125 mm, AT 220435 Be, GG HEE 10 nm,
Hyperion J& F& i K 38 240 3 26 — 15 (0 B0 2L 2%,
FOGTE R, TERI ARG, R . b
T AR AR DL B R A AR B T Iz Y
N

Table 4 Parameters of typical abroad spaceborne hyperspectral remote sensing satellites

EO-1/Hy- PROBA-1/ Mighty Sat I1/

Chandrayaan—1/ HTV/HREP- Resurs—P3/

et MRO /CRISM IMS-1 /HYSI
perion CHRIS FTHSI M3 HICO GSA
P F ESA B ES F Nz EgH R
KSR 2000 2001 2000 2005 2008 2008 2009 2016
MU km 705 550—670 547 325 100 — 350—460 477
I BEEFE/pm 0.4—2.5 0.4—1.05 0.47—1.05 0.4—4.05 0.42—3 04—0.95  035—1.08  0.4—I1.1
IR iERA 220 62 146 558 260 64 128 216
JCHE S} nm 10 1.25—11 1.9—9.3 78 10 10 5.7 5—10
23 [F] 43 B /m 30 17/34 30 <50 100 506 90 25—30
R 55 /km 75 13—15 30 >10 40 129.5 42 30
43677 e W (LISvAL B A S e — — —
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Table 5 Parameters of present (launched/in study) abroad spaceborne hyperspectral remote sensing satellites
INERTA 7S DESIS HySIS PRISMA HISUI EnMAP  HYPXIM CA SHALOM MSMI HSK
EEH T[] i FRA HA T %H HRALAAEE] EIE +HH
RG] 2018 2018 2019 ~2020 ~2020 ~2020 ~2021 — —
LI B km 400 630 615 410 652 650 600 660 700
WRBEM/um  04—1.0  04—24  04—25 04—25 042—245 04—25 0.4—2.7 0.44—235  0.4—2.5
S TE L 235 70+256 238 185 228 >200 241 200 >210
JGi% 4 B mm 2.55 <10 12 10/12.5 6.5—10 10 ~10 10 —
23 0] 43 B fm 30 30 30 31 30 10—15 10 15 <30
W 56 /km 30 30 30 20 30 30 10 15 >30
Vip i ViEN e — b St ke Wk S — b

(3) PROBA-1/CHRIS: 2001-10-22, (%S )&
RH T PROBA-1 (Barnsley 25, 2004) TLA, H
EHBT -1 BEX G0 PERRI (CHRIS),
SR FH Bl = B SR e il T b B 43 o o RN
CCD #M #5 (1 BARE R 7758, CCDHRMIER |- 15047
RS R AT E T AR, FEA R Rk iR AT
EUEAIE o DA 77 2R BORT W -3 2T 414
P, ORI R 0.4—1.05 pm, JEIEMPER 1.25—
11 nm, JGIE B BB M nl ik 1504, 28 (8] 7 %
34 m, FEFURTELE M 63 ik B, HAT UG
KZ .| GIEEEY . PR SRS . CHRIS A
DIARECZ ff B, X [R]— M S 7E 2.5 min N ATJE
BS ASAS[A] A BE L&, g3 il =550 =36°. 0°.
36°F155°, B2 H it A b — AT DR B AR H
e ISR 2 A R R 1 R 2 i AR

Uie, EE. . WP ISR RS LT
— SRS AN [R] R 4003 s i R AL, ZECh
SEMAT I, EE AR

(1) MRO/CRISM: MRO (Mars Reconnaissance
Orbit) &M JPL T 2005-08-12 % %t i) 2 Thfig Kk &
B TP, B ERHET BRI AR ok BT
(CRISM) (Murchie %, 2007), H &R T 00 k
AR YK EE R, M -4 KR 2 K
FIEEI o 2T 35 1 GTE B R 0.4—4.05 um,
SIS G 5441, ik BERIA 7—8 nm,
] 5> $E% 15.7—19.7 m.,

(2) Chandrayaan—-1 ( H 1% ) /M3 F1 HySI:
Chandrayaan—1 & EP 28— R H TLAL, 7 2008-10-22
K. B IR T HERT YH AU M3 (Green %,
2011), FH3EEAN MR IPLOFG] . F1HA A Bk

RO, HOGIEE B 2] T 2.5—3 um
(3 B, AR > 5 OH A HL0 A A7 7E . M3
K I 22 N DEH O, B A TARR,
FE B, B R i T LA #2604,
TEAR 3 PR A b, B D% i 1 Hot /b 31
854, HELERMIFE I n] LUAE 55 A BRI 95% . M3 1Y
23 [A] 43 B AE BARBE A IA 3 70 m, FEAR B
BB E] 140 mo R TR RS T RAR
1) IMS-1 52 %% T2 v #5 2058 19 HySI (Hyper
Spectral Imager) = GIERAERAL, HEIE B EAHH
K HZAEHT AR U8 700t 72 0.4—0.9 pm B
23 [A) 73 PEAR 80 m, JGIE P HEAIEH] 15 nm, DLiEiE
EE 641,

(3) H2-TransferVehicle (HTV) /HREP-HICO:
HREP-HICO (Hyperspectral Imager for the Costal and
Ocean) JZENASA—SEEGHIH , 1% 2009-10-09
it H ARG iE €I H2-TransferVehicle ( H 15 51 FR
Kounotori) & i 3| [FEPr2s [a]35  (Corson %, 2008) .
TLBAT BT ARG 2 AR 0 T 7 21 Rl 2 3 ok ) 3
RRAE, LI B 350—400 km, A7 R0k B 2
7E0.4—0.9 wm, G5 EBAEE A, AE 5
H748 kmo 43t AR T Offner BGIEAL, Stk
SR 5.7 nm,

(4) M 07 58 TR JL J8E Resurs—P1/P2/P3/P4/
P5 (https: //space. skyrocket. de/doc_sdat/resurs—p. htm
[2020-07-15]): Resurs—P1/P2/P3 533l F 2013-06-25 ,
2014-12-26 f12016-03-13 & 4, Resurs—P1/P2/P3
IEER T — A E g s (GSA) . Resurs—P3 [+
(1) GSA A iy IfT 73 B3 25—30 m, i 9 30 km. [Fi]
BF, b Resurs—P3 T AT & 0 HERE M5 22 10
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J2 Resurs=P4, PSHLLERLRI H, FUTHF T 2020 4F
Rt Z AR TR M i { ARG R
N Al k. KRG RS

L EO-1/Hyperion A0 1Y [ A & OG5 BUR X
WG Tz, T G R R TR
SRR HT B AT AT PE AN T, (A2 BR TR S840
JETE A MR B AR ), AR ER AL
Pt B30 I 5 AT TGV Tl A2 R DI B AR 9 1 R SR
(Krishna%%, 2018; Nink%#, 2015; Peons, 2017),
P, A B4 4725 9l O 1% AR B AR B89 72 T
TEE . HA, BN, BE. EEENNRZE
FAPUR Kl g T VERETE R e ny g LR K
JeRLR L, HI o EER, 4ot Uy 2k A ke B Bk
Offner 2SO0 . BLAULEFUNT

(1) 7%[E EnMAP (The Environmental Mapping and
Analysis Program) Fl1 DESIS (DLR Earth Sensing
Imaging Spectrometer) : 2006 4F-, & [F] fijf 25 & it fE
T EnMAPi14] (Hofer®, 2007), Jfi14lF 201245
K. A, EBIREORRE, 2R 2 kR,
HOAT #2020 4F 4 4F . EnMAP T2 $UTE = 2
652 km, TR AT B A9 BOGIR T, b
U M 55 0.42—2.45 pm, 5 B A0 230 1,
I 2L MRS 73RN 6.5 nm,  RLELLAMY)
JEHE BRI 10 nm, 2SI HER30 m, HF5E30 km.,
AN, TR MRS ) BE ) ik 300, BORARIIE
HHE AR E VIR 4 d, ok K E 2 pros
(Sang %5, 2008). 2018-09, 7 [ fifp 2 fiig K ot
(DLR) favibidl, SEE4FFIFFAR (TBE) iz
H [ DESIS i 6 R AL (Kruz 25, 2018) #k
StEE PR W (18S), K A 5 V6 0.4—
1.0 wm, SLREEIEEL 2354, HUESHEE30m, S
T PEF 2.55 nm, % 95 30 ko HGIE LS F 40
K 3R (Krutz%5, 2018), K] Offner —JC VT
WS, DS fTiiaioR, dhmid s Fie.

(2) HZAS ALOS-3/HISUI (Hyperspectral Imager
SUte) = HISUI & H AR % Ji& (14 2 4 AR 't 31 28 £y
(Tanii 5%, 2016), FHJ¥% By Bl 55 0.4—2.5 pm,
HA 185 B, 22 MR 30 m, A FE 30 km.
LA R — > PSR B A B AN A S 3 G g
AR, B TS B fE MR L (AT DL 2T A0k
Bt 450, FEHLIHM300), BB EF RO 2.2,

(] B SR T s 33 3O A 45 ) LA UsE /N 40 1) 52 i
HISUT &z #1313 7 2014 4F & 45, J5 W o AR
) &4 3R, H A #iF T 2020 4F B SpaceX [
Falcon—9 K& A& 51 2] [E Fr2s (8] ik PR T 030 =4F 0 T
1B HOt2EFE R A s B IEANE 4 iR (Tanii
&5, 2012),

M3

M1
VNIRJGHEAY
\ VNIREEI 2

iy \

ek

SWIRYHEAY
—
300 mm

2 EnMAPYGREIE (Sang 5, 2008)
Fig.2  Optical pathway of EnMAP (Sang et al., 2008)

K3 DESIS il X454 1E] (Krutz 57, 2018)
Fig.3  Spectrometer structure of DESIS (Krutz et al., 2018)

Optical Calibrator

Three-Mirror = Incident
Anastigmat Telescope : [ Light

VNIR Spectrometer '
Sub-assembly

Signal Processor

N . <o | SWIR Spectrometer
‘. e gt Sub-assembly
— v ) .:_hﬁ\——s
Bl 4 HISUDG S FE bR 1775 B8] (Tanii 45,2012)
Fig4  Optics and calibration structure of HISUI (Tanii et al., 2012)
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(3) B AKF|PRISMA (PRecursore IperSpettrale
della Missione Applicativa) FI Shalom (Space—borne
Hyperspectral Applicative Land and Ocean Mission) :
PRISMA (Loizzo 55, 2018) T 2019-03 k& 4, H
TR A . Lol 55 NRKBTSEE R,
U E T BAS A AE 0.4—2.5 wm B G TE 5 P 3
A 249 MG IE , A HER N 30 m, B TE N
30 km, [RGB T — A2 BER N 5 m ] LG
Al iE, R = R BRI FOEE 425 210 mm,
DGR IR B AR 5 R E R h AT 00, DL
FUnE 5 i~ (Labate 5%, 2009) . Shalom (Natale
4L, 2013) JERRFIAILL @) 3 [ R 1 s
BYPRISMA”, Z i it H i o P e 2 1) 3
BN = TG 3 R 04 X b T R B2 Bl 55
H i 1 AR A AR K G LAY i iE o Shalom | [w] i
PR T — BN, ARSI PR ER] 2.5 m
(%5 (8] 439832, Shalom 1 i G I UG AUA 241 M
BOFE® T 04—2.5 wm, 2300 W3R A 10 m,
JEE 4> HER L E 10 nm, A 54 10 km, R H
Offner 25653

K5 PRISMASL# [ (Labate 45 ,2009)
Fig.5 Optical pathway of PRISMA (Labate et al., 2009)

(4) EJJJE A ResourceSat—3/3A/3B ., Cartosat—3/
3A/3B il HySIS: IMS ResourceSat—3 J& E[J & Y —
RFEPE TR (https: //space.skyrocket.de /doc_sdat/
resourcesat—3.htm [2020-07-15] ), Fiit 2020 4F
LGRS, K8 —Ras PR 25 m, IHIE25 km,
7 0.4—2.4 wm 2 [8] 4145 £ 200 4~ 1% 38 18 1 =
6 % UARAN 3 e A = B B2 7 R AR I T K]
%, & H Offner ™ T G A G35 0K 40 73 56 iUA%
BEA, B BE ISRO IE 7 AF il £ o 20 #2063 /%
S s BRI T3 AL Cartosat-3/3A/3B - (https: //space.
skyrocket.de /doc _sdat/cartosat-3.htm [2020-07-15] ),
T 2020 4 K 58, Hov i G #m 6T B
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AHALEE R R R R-C 4544, FHPLFBE N4 1.2 mo
HySIS (https: //space. skyrocket.de/doc_sdat/hysis.htm
[2020-07-15] ) tLHIEPJE ISRO W], F2018-11
K, HOGIES PR 10 nm, ZSEHER 30 m, 18
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(5) ¥ E HYPXIM-CA: HYPXIM-CA /& [H
CNES % B ) HYPXIM 455 (Michel %, 2011)
BB AR, SO T 2020 4F & 0. A5
i, HYPXIM-CA FIHYPXIM-CB LI/N LEEH K
28ty . HYPXIM-CA R T TMA B, Hig
K175 mm, Zp0 RO . RINEHR T 2000%
360, Fit k65 kg, TIFENSS W, itk 5S4,
HYPXIM-CB 5 HYPXIM-CA 3% Ji T [R] 25 284 (1) 22 1t
B, (HEDO#HR 150 mm, JFHECE T 260 E,
3T R A B . IR AR 1500 1000256,
HNT0kg, TAEN1I0W, BtHmbBhsS4E. 5
LB K& — i HYPXIM—Perfomance &, H.2%
Korsch 2%, MK 430 mm. [FFERT TR
(43675 20, AT UL 20 /1R I8 20 A1 0 4 T A%
TGN 2000%360, ZE[H MRN8 m, BRYEH 16 km,
FERE S HEAE N 10 nm. P LLAME ) B i AR
X 60 mm, FEMEHFRICH 160x35, i 43 HE 3
FUN I 5843 51 4 100 m F1 16 km, &% 43 HER Ny
100—150 nm, A2 faf 5 /NF 150 kg, DIFE/D
T350 W, &itFdanh 104F,

gi b, TR S, BEEtik g ARz 5
T A A S v, (H R G 2
i P A ) T I PR AR PR R L MR, X DA eIt
e TR B s . KAIRTE . S g o PR
Al R R AR, i, PROBA-1/CHRIS i
B N RE 2 B (1.0 pm) 3 EO-1/
Hyperion i 564% 7.5 km, %5 21 0% B A5 e LU AR T
50; T & SR 24w AR A A AE R DESIS A EnMAP
H 4 HISUI, % K # PRISMA #l Shalom, EJJ J&
HySIS % oA REA AU UL iR [n] 8,

B P 5E — A~ B OGS AR AR T B R B
VEEE Y T R A 345 TR (SZ-3) ARk
3 BEEROGIE ARAL R SE U ffe iR, 2004), T
2002 4F K4, ooty A MG, Stk
16 0.403—1.023 pm, ZEISHEF A 500 m, JEik
WA 301 ME, BN RGBS
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Y & SR 20, 1 2008-09 & B HI-1-A T2
B (Zhao %, 2010) Lde#k T — & h EFRZBEV
S T BIF ]  fR BEL P  E BR AN, 1S B
045—1.05 wm, JG3% 3 I 50 105 4>, i HER
2—9 nm, ZS[EIZMFER 100 m, METE50 km, 20114F
R RE —5 (BEM, 2013) HE T —HT
ERMF B B B S Y BT (LT &
FREBIGERIERT)  FnrhRkGE L V4 ) Fir kA Wil 14
BT B OGS AR, BB & EE 400 km,
A3 HEAR 10—20 m, EFE 10 km, JGiEH w5 0.4—
2.5 wm, F128MEB . MK ESE TR HI-2A/B
B3 T T RMBE VU T I 4 RS R AL . A,
2013 4F . 20184FE KSR A LR “Wlk—=5".
TN b, AR SR T TR e
Bt il ) s ek A (EBREH 4%, 2016), KT
2020 4F & 55 B B ORI 55 C R (a7
KA B B BE L W TR 1 7R T 2 A
WA, Bk DRSS C TR 24 . 2018-04, EE
W —5 RGN (Z5eth %, 2019), H E3akm
I OGTE AR AR 32 N B, AR HEE 10 m,

I 5% 150 km, 3% BE R 0.4—1.0 wmo QAT 7E pl A
VB o7 2 [ R 2P o, 2R PR &
S TR AR

F 2008 456, 1 E Bb B L 4L P BT 1 )
FE 7= | R R RN A 2 B W i) FE A s
K, TP T e T iR A AR i AR s DG B
RWFFE . LT ZHEMBEIE, DT 5635 58 05 AH
IR Y ROME X 11 438 7 R AR T IR A8 B B . G Y
FN AR T A0 557 TR DU 25 45 4% 0 A EE R,
R T 1 T 43 R v R DN R R R O I R e
ARSI AR 7S R M 8 R A Etalon T #5850 AL IE
R ARMES (XARAE %, 2015, 2020a, 2020b;
Liu Y N%&, 2019b; Hu%F, 2018a, 2018b; Xu%¥,
2020), BT E PR R A0 R nT U A kAT
A IS A AL, B N A PR b
LN R T T 2 — R R G R AR (R
) RIGEIREEINE 4 TR (RIFE—502D), 435
T 2018-05-09 F12019-09-12 kK §F . [FIRF, JE4Lmy
o S 02 BRI UR — 5 02F A&t 1 AR ARk v
FHRALZR S E T3 6

xo6 ENERHHTIT RS EB T HILERMNEF

Table 6 Parameters of domestic spaceborne hyperspectral remote sensing satellites that has been or expected to launch

(L HI-1-ARDGHE TG-S GP-5@pti  GF-5-02 ZY-1-02D HJ-2 e ZY-1-02E
HUBAX BARAL AHAIL e ST AR AL = G HUAEAX e G AR AL
RS Ta] 2008 2011 2018.5 ~2020 2019.9 ~2020 ~2021
LI /km 540 400 705 705 778 644.5 778
I B Rl /pm 0.45—1.05 0.4—2.5 0.45—2.5 0.45—2.5 04—25 0.45—2.5 04—25
G 1AL 105 128 330 330 166 215 166
S R m 2—9 10/23 5/10 5/10 10/20 4.5/14 10/20
23 6] 3 HEAR fm 100 10/20 30 30 30 48/96 30
I 55 /km 50 10 60 60 60 96 60
436753 fE T b S A it RT3 A

oS A DI E (AHSD b E an
B 6N, R B4l — i B 5 AR B8 O %
I IETEAL L S IR P AR I 2
(2048x512), S T HEHEIE [ 0.4—2.5 pm, M 58
60 km, FULITZIAMIEBE (VNIR) JGi s #eRi T
5nm, FEIELLANEBE (SWIR) 64 ¥R T
10 nm, D3 E £330 N HEREFE Ar . AHSLZH
HIEREFR AR f ST 2 AT 22—, HA R i IR 3

o I B e & A A B F S T R
G, RILH TEEMNHME. Fl, SHH
ST B GERE %, 2020) 1A, AHSIAHE
HyMap Fl AVIRIS HLEEE 7 P 15 51 7 1IE 5 %k
90.32%; KIMASE (WanE, 2020) AUBFFEZEH,
AHST i T8 2B AR Fh 5328 46 77 T2 Landsat 8 Fl1
Hyperion BAE#H; w50 KA AL A5 (B
5 55, 2020) WFSERWL, o TS S B A TR RS
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JF SAD #% ik 7] 35 0.0951, %% & K5 BE A ML 2 1Y
AVIRIS ArifER IR ARG RS (e fIR{H 0.0982) AH>4;
RDUR =k BRI ER S (5, 2020) 5
W o S B BT VAR D IR X 11 25
W) 03 2 KA R 1 90% ,  BAS S W A o 5K
JEIRH 96.31%; R} B i 8 AN A o b BRAIF 5 T 5k
BT RS (Qi%F, 2019) WIoE KWW/ 5%k
P R o3 A A I B 4, B AR oy 20K
JE A3k 99.37%, SHLEL AVIRIS 525 8] 43 P 5
JCIEE S A FERE A Y (97.70%) o

K6 GF-5 ] WL 2L/ EnD s A B G
Fig.6  Optics of GF-5 AHSI
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TR mORIE MR A (AR L HE R B
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EO-1/Hyperion, HySIS. PRISMA LA K KT 2020 4F
K5 HISUT, ENMAP %5 2% fof () 6335 20 98K 5 1
i 50%. 5 2018 4F- & 51 i DESIS Yt i 43 B 4
W, N AHSIRY 2 f5, (ER e HE 5 0T DL 20
B, HIRYECh AHSI—2 . [AlE),  AHSIE 540
e EAN AT AT 2—4f . S BOEUL E A IR AT e
Z I 1004, 25 0] 2 F R B LA TR 142 (8] 43 B
MY, ZZEkFE, T EEOGRE U R R
e H] TR

E L SEREL KM, HARSERE, RRERET

FR IR FE GO T, gk 7 iR Hge Sk
W EHCN BT A L SRR A B, 80k
RO HERGUKGL . A H PR RN, EEA
T MRS . Flin, 35 E 2016 4F & 5 698
—fCHFF IR LA GOES-R (Schmit%, 2017),
W BIEH 0.47—13.3 nm, SIAENAL D EAM
W, EMEESPERES T 445, AdEEE T
54 HAST 2016 4F & 33 194 T2 Himawari-9
(Bessho %%, 2016), B[ 0.455—13.3 pm. Fifi
HREARGL, KRR EA 0w S )4 R DG
T B A R L BT T AR A B R T RE
HET, A& & b 0 &g TR A R R
ESA # MTG-S (Stuhlmann %, 2009) A [ (1)
GISAT, #h[EAYCOMS DAL, #irPEF, 20164
ERTHIEHESKLDERNSNS (K1 %,
2019), F F#EEN TR 3 RO F Br
- ALEE RS E AL AN DR e
SCHEM KA B = G B, TR
BT A B — iR R R R EDEIE EIR . [
BF, 2016 4% E K S &R SR T Sk BliE 4
T B i 6 AR AR B E T A, A XA KA R
TSR I . RS AU R 2 N TR SR,
ErbaE b, SeE A 25 m BZ04H 100 m. E T
400 km P L BI0E 43 B =Gl s g .
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Fig.7 Performance comparison of typical hyperspectral

satellites
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Table 7 Parameters of hyperspectral remote sensing satellites on geostationary orbit

N A GOES-R AHI FY-4FCHE GISATHyS- MIG-SIRyUVN | PP
PRI SWIR/VNIR a3 Wi bgE|
X ESH H A ERE ESA i
9 SFF 1] 20164F 20164F 20164F ~20204F ~20184F FisE
B R km LA - PuE - PuE i EpUE - ik PUE
P BE Fl/wm 0.47—13.3 0.455—13.3 0.45—13.8 0.9—2.5 4.6—6.2/8.26—14.29 0.3—12.5
TG AL 16 16 150 920/510 >600
61553 HEF am — — <10 1.32—2.44/4.27—12.74 3—100
25 (] 43 B3 /m 500—2000 500—2000 500—4000 500 4000 25—100
IR 55 /km — — 1000 — 640 400

4 [ EDEIE R EOR

JAG GG A T LA ARG 3G H A 1 A LSS
B, Ml R E A IE S R A AL, S A
HEZ WA B RBOLE M TERE . ExE . &
AR TEILHEROE D, Tt bk
BEHDCH O E BRI TR B R R, JF7E
TARPRRE Tz, [, A EE 7
WARBHI (7P, 2014; Graff fl Love, 2014;
Love #l Graff, 2014). HHDEREHE L6077 X2 Fh
ZHE, FEAA A RTREIE O . wEth ot
1Ry PR R I K VALl o B 2 o g 51 B S 75
[11€7200 NI 60| KRV 0 g 161 Rl B XL R T 2
oo HEDLEOLRE . AR IR R0
[Fi] — Hsf 1] SR SOOI %ok 5 i A ) D i al , B i 1
HGERE ) TAE DA B ] 20 AT 38 43 ' Jr =X
[Fi] — Hsf i) AR SBOULIN X6 G () — A i aE , BT
A AP A B P 0G5 30 3 2 o I AR IR, T
L@ R 51 NG S B D Bl S DU R D S B R 3
FOCIE R AR M2 52 A R A R YOG, ik
JI™ OGS SR . R LY 0 Oy R T
SR E .

Bl B G AL R N, RS SEEATAE 40Ok
AN 5] AT RHEE (Love, 2009), fif
B 07 =0, ATy 0 pLBEE il Or 205 T B
SEPOCP A B AIGE £, AR T R OB AY I B
il 1% 7 E 45 7 O AT I 8 U B AOTF (Acousto—
optic Tunable Filter) . & XU 5 200 14 HE 45 VAT
] JHIEUE Y A LCTF (Liquid Crystal Tunable Filter)
Bt B RLIE 23 11 J5 B A8 Ak i B I8 Ot i 55 3l
ar s

AOTF J2 1 FH A5 38 5 5 b A A T 72 A= 4y
JERDCHL AR, SR E 8 TR o Y A — g M
IS5 B, AOTE X AS AT AT i, Mrp
Ve R N LS BRESEABR N 5
R ——X R SC R, B AL S o B 1 B
AP BEALSCE S ORI . SR AOTF 7305
T 2 ARG A S A a5, HoJoas sh i .
AOTF JAROGTE AL 322 oy i ' 2 B0 B )l AR e
Po) . ErESCME A . AOTF B | J5 oL
JRLAGARE e B R s e O e 2l il R DR TR S 3]
A OGO ALK, [l B AR UE AT S
JCHRFIASCHR A 25 M) 4085, ZORUEE REMDL
WA E/NT 32 (TeO, fy R R BRI T FLAEE
PR RS, bR AT S f B D e T RS
), B, 3T AOTF #5814 19 s Gk UG AL L
R & NS BUE 2 RN R N D
(Gupta%§, 1999; Korablev 55, 2006, 2012),

7R
—
"t —
A2 1) | —
Eﬂ—» FURATHEL,(+)
— %:I OZIER A+ 0
— 1R (-)
—
—_—
HERY g I

58  AOTF 73564 AR (Gupta,2003)
Fig.8 AOTF spectroscopic techniques (Gupta, 2003)

A 8 90 2 ) (A5 AR 194 i o D T
PEAT RIE VI, Iz 2l 25 st = AL 5 1)
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R MERE, AR I T ROR O o e i R G TS
T AT SF 78 B 37 e A8 ARG RN 23 B HR A ) T2 R
o ESA RSB K ERERA (Gendrin %, 2005) K
LR (Svedhem %5, 2007) IR T AOTF
JEIEAL AR, NASAth— P3N TIT AOTF Ay A%/
e BAZ TS SR A SR DB 5, A %ok Sk 5 % i
FHBIFHI 9 AIMS J2 IPS %5 (AccetturaZy, 2004) ., [
WP RLBE bR BT E 2006 442, AR 2SOt
TEARI N, TP IET AOTF 80 1 5K i iF
58 2013 4F & BRIk = S s bk Ek T b
BHBE L 165 Wy I i (4 2 F AOTF 436 I 2T A1 i A%
FeREA (EBRI 25, 2016), HETIZIESE LT
FHF R S 8 00 K o3 8 o X RO AR 2
ZARET A TN, TR R SR K
AR T & A A o TR X R e H R K2 T
A DLAT 2T A0 B 5 P 4T M B, R AT AN Beth
—LeRi . FEMNHGARERE . Be g
A

LCTF 265 W AR5 XU 508 A 45 4 16—
LT B T RS e A, Bl i AR [ )
V05 BT S Y8 S B W KO i BE PR I A
JEEWE 9 i~ (3kE, 2016), HAT, Meadowlark
Optics 2> A i3 i = 2 b T RS IR G B, il
[ 0.4—2.5 pm, FHiESHEE10 nm,  H T In R
Ry W T VR UE O R B O R BRI R R
50%, BAES R A E40% ., FF LCTF 206t
B 4% A% (Chrien 25, 1993; Shingu %%, 2003),
FEMG S REBUN, B, IR, LB
TR, FRRE AR LR . HAR 201445
K Rising=2 48 & (Sakamoto 45, 2016)
DL K AEHETEAE 2016 45 F1 2018 44351 & 1 /Y PHIL-
Microsat—1. PHL-Microsat-2 . &2 (Maestro 2§ ,
2016) b AYZATERGE ] LCTF HoAR o (E & 093 5
RAZIRPE R MR, A0 P K B I B A AL S
F OGN R R S AR R

B 7 5 T S IR ) B AR KT d L BB R
o B ERE A G R ) F A T S U8 R R R
e, A MR B R L TR M AR uE 6 A LVF
(Linear Variable Filter) 43364 AR, .00 tastf
S —FRRER AT PE G B, R S5 JDSU A H
VTR, ARE T 22 )RR 7 ) 2
o Tl O K S8R R A G, XA
TR T ARG R i i D K AR LR AR Ak

TS B 43 G AR o 3 T Lo M A8 8Ot v 43t
(48 6T LR AL FR GG B I ] 10 s (50,
2015), HFRZMURE AR TR AS B, A
J 3 A AR B R T R SR H B A i B s D' T B
(Mahmoud %5, 2018).

LR /V
0 5

ST o

B9 imh rTIRIEIE L i (5K ,2016)
Fig.9 Liquid Crystal Tunable Filter(Zhang, 2016)

AR K R AR
110 IET LVE RN 0 A LGB R
Fig.10  Optical path of hyperspectral camera based on gradient

linear filter spectral detector

WA= (LVF) R R (ISF) Jektugt i
(Wei 58, 2017; B =, 2015) 40t & K an
B, TERIEDE G R B AR 8 75 22 1) R 7 1)
T HRIE ), T b0 I K 5820 R
BEAT G, BB Y T RE A O 1 UG 8 i Dk
KAEMBARf, TR B G EH . 3Tk
UG A GG AL S R T TR, TR AR
UE G T A T BRI B A T, (R R 1Y) B
— AT HE2O Bl A 1) G iS e, HHDG AR
MELURIE, GRS G E

S T 9 Y RGO ETEAOR 2 2 5 T R
AU Y KRR R, i —& s B o)
ARG, TEASIR] B[R] R Y H AR AEAS R 3 K 90
EERE, J8 TR, 20 42 90 AR LK,
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Wil 5 T R 25 1 R, B b BT A (A
BT AR AR, HARRE T RAWIE: —
OB TOPHE 1) 4 it 2s () PR R O — Rk
41 Sagnac X [AIAHI (Lucey 4, 1993) (E12).
3 [F 9% /1 & Mighty Sat II-FTHSI, ' [E ) HJ-1-A
B G R A A R X Rl Ao O . R oRF
RNV LA A (B R ) 77 AR AR 22 L IR A AR A
TV AE B, SR R 1 O R
SERET VB EMG, SEI T IS A IR T G L
G ARBIBER (Graff Fl Love, 2014).

N b VN ipA

I pLiE 2

BT LVEFIISF 2067 JEIE (F #,2015)
Fig.11  Optical diagram of Linear Variable Filter (LVF) and
Integrated Stepwise Filter (ISF) (Xiao, 2015)

BRI
#E5

HEf
7

PRI 58 O \IIII]IIII]IIIII

ENEER I T oA
A FEDEREZE T EFE

E 12 Sagnac T ¥ H AR AL

Fig.12  Sagnac interferometric imaging spectrometer

oA B — % T W AL FPI (Fabry—Perot
Interferometer) J&7% [EF}22 5 Fabry 1 Perot (1897)
W B A 2206 T 90 I B AT DG 1 e R 1Y 23O
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i F-P ATV U8 % A% 32 AT R 0 R T
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RGFBRE, FEG s A5 2 g b B ] DL L 3k
EAERM AR ATECE PTG (AR %5, 2019).
FE T AR F-P ORI a8 i MRS Sk RO 2
Fa W E 13 o, ACRALE W 2013 4 Fu 45
(2013) 4t ) AT RIS IR 2 A L —3A % Ol 1
BT WAL . F-P TR D2 T ol g
Bf, e e — R B e 1) A G v N A
JEEAR G — ANl I, JFER N TR S
0N TH B Z90E M2 (NS 45, 2019),
T35, O TR BUSAN AR 1Y G 43 PR AR [
fift e F-P [ B GG Bl 28 s, AT T
W F—P I VR S 17 8 8 1 R 4 0 HORDG Ay
AR (MIschs 558, 2015). flan, 20134F, i}
Be R G L T i A PR AR . RS2 AF (Shi &
2014) WFHI B4 AT V538 F-P g g G 25 & 1E
S A ETT R /N DGR AT . 3k ST AR 9
AR, Ay BRI TRl F-P g R AY, 1 A
G IE Y R A BOGIE I R G, ATl R AR
ALy T B, AR I A LA B
fife e T A HEROEIER A A B OGS SO0 o PR
AHE 20 &, 36 T2 261 5 R AN S 1
AN HIORDGTEAYL , B S5 R T2 . AR AT Y
i (LuZE, 2018),
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Fig.13  Optical system of hyperspectral imager based on TFPF
(Tunable Fabry—Perot filter)

Candes 1 Tao (2006) T 15 5 M #i B Pk A
B, PR EARERACRAENE, B)E, TR0k
R AR B AR BUS T#E 2 & (Duarte 5,
2008; Liu%%, 2019a; Tao%, 2020). FEREF:7EK
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2% Brady Fll Gehm (2006) Kf4% 4t (1) (B8 1% A%
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W TN L, AR B b G ) A R
K%, FFF R 46 B B R A7 S B R, BUS
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Z03E 1 TR R A B RS A, Rt iRk
HEOCRE A A o Brady 2042 141 BA RS AR 7 3k
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Fig.14  Schematic diagram of the relationship of the optical
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Fig.15 Multi _SD_CASSI prototype (Kittle et al., 2010)
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“1° A 4miS e 2 DGR IR, RIFE S5
R ORI T, Zead 2 0 & 3R A5 A E R
s B gt Bl (Duarte %5, 2008). & 16 4 DMD
Sy 72 [ IR 25 1) 1% 4 g LA AR 1S4
JE GRS R . Sun Fll Kelly (2009) 1EBR KRS |-
BOMT 680, o B S I AR S ZR BRI,
mToeiEE R, LT IE & RS (CHSD .
AugustZF (2013) #2H CHSISS &4, S T g5
5 2723 5 B ADEIE (S B R A R4, T2
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182 AR F G0 312 (8] — 3% 8] W] B e 40 19 06 3% i 15
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Fig.16  Schematic diagram of imaging spectrometer based on

the DMD spectrum code aperture (Graff & Love, 2014)
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Development of hyperspectral imaging remote sensing technology

LIU Yinnian

CAS Key Laboratory of Infrared System Detection and Imaging Technology, Shanghai Institute of Technical Physics,
Shanghai 200083, China

Abstract: Hyperspectral remote sensing technology can acquire an object’s geometric, radiation, and spectral information. This technology

is an important technique in Earth observations and is increasingly becoming important in applications of natural resource survey,

environment and disaster monitoring, precision agriculture, oceans and costal monitoring, and urban planning. In the past decades, several
advanced hyperspectral imaging systems from airborne (e.g., AVIRIS, Hymap, OMIS, and PHI) to spaceborne (e.g., EO-1/Hyperion and
PROBA/CHRIS) platforms have been designed, built, and operated globally. On the one hand, airborne hyperspectral imager has been

developed into commercial operation stage. Examples of international companies that develop airborne systems are Spectra Vista
Corporation of America, Specim of Finland, and ITRES Research of Canada. On the other hand, GF-5/AHSI, which is a pioneer in Chinese
spaceborne hyperspectral imager, has first realized wide spectrum, wide swath width, and high detection sensitivity. It marks a new era ever

since the appearance of EO-1/Hyperion in 2000.

In the future, the outlook for hyperspectral remote sensing technique is as follows:

(1) The development of large-scale plane array detector, optical machining detection, and signal processing has improved not only the
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spectral resolution but also the spatial resolution and swath width of hyperspectral imaging. Hyperspectral imager’ s spectrum range will
cover from UV to LWIR to obtain more abundant spectral information of ground objects, all-day reflectance, and emission spectral
characteristics. In addition, the integrated calibration methods of laboratory, in-orbit, and the Earth, the Sun, the Moon, the cold air, and the
stars are becoming increasingly abundant and refined to ensure the application efficiency of hyperspectral imager at higher performance. The
hyperspectral imaging technology with super wide width and higher resolution also puts forward higher requirements for the further
development of large-scale detectors and large-aperture optics with wide working band range.

(2) The development of information, imaging, and optical processing technology has introduced new beam splitting technologies and
developed the core beam splitting elements from the mature dispersion and interference type to the diversified direction. Many novel optical
splitting schemes, such as Acousto-optic Tunable Filter (AOTF), Liquid Crystal Tunable Filter (LCTF), Linear Variable Filter (LVF),
Integrated Stepwise Filter (ISF), Tunable Fabry-Perot Filter (TFPF) and computational spectral imaging system based on compressed
sensing, are available at present. These spectroscopic image methods are still in the stage of laboratory experiments. An increasing attention
has also been paid to the chip-level hyperspectral spectroscopy, which combines light splitting with photoelectric conversion.

3

(3) With the advances in the “artificial intelligence,” machine learning data process, such as neural network and deep learning, has
become a trend with hyperspectral imaging to construct an ‘intelligent’ hyperspectral remote sensing satellite system. This technology will
integrate the ability of automatic optimization of onboard load parameters and automatic real-time processing of onboard data and product
generation. Meanwhile, the amount of remote sensing data obtained is explosively growing with the increase in resolution and information
dimensions of hyperspectral imaging instruments. “Big data” feature is significant. Data transmission is an important issue in successfully
using the effective data mining and information extraction and improving the efficiency of data compression in the future.

(4) The development of small UAV and micro-nano satellite technology has developed hyperspectral imaging toward a low-cost,
flexible, integrated, and real-time technology. At present, the light and small hyperspectral imaging technology based on small UAV is
greatly demanded and valuable in the fields of agricultural, forestry diseases and insect pests’ detection, target search, and rescue and relief.
Micro-nano satellites have low cost and short development cycle and can conduct complex space remote sensing tasks. The combination of
hyperspectral imaging and micro-nano satellite technologies will promote the integration of multi-functional structure and space exploration
payload. Lightweight, integrated, and systematized hyperspectral remote sensing with space networking and all-time detection will play an
important role in the future. It will provide the possibility for hyperspectral remote sensing satellites to enter the commercial field.

Many new principles, schemes, and technologies are being implemented and applied in hyperspectral imaging. The integrated
acquisition and processing ability of multiple information is also greatly enhanced. The hyperspectral load is gradually developing in the
direction of large field of view, large relative aperture, high resolution, and high quantification. The cost of hyperspectral remote sensing
technology will be greatly reduced with its continuous development and maturity. The commercial application of this technology will also be
an important direction of future development.

Key words: remote sensing, hyperspectral imaging, remote sensing payload, wide spectrum, wide swath width, high resolution
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