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Abstract: Compared with the visible to short wave infrared spectrum, hyperspectral remote sensing imaging in
the infrared spectrum has unique application advantages, especially in resource exploration, surface environment
monitoring, atmospheric environment monitoring and military reconnaissance. Although the infrared
hyperspectral imagers are mainly airborne at present, the domestic and foreign institutions have never given up
promoting the spaceborne application of infrared hyperspectral remote sensing. Therefore, based on the detailed
analysis of the design, implementation and specifications of the primary infrared hyperspectral imagers, this paper
first summarizes the characteristics, existing problems and solutions of the current infrared hyperspectral imagers

from the three key indexes of spectral resolution, spatial resolution and radiometric resolution. That is, breaking
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through the technologies of fine spectroscopy, high-sensitivity detectors, low-temperature optics and background
radiation suppression are the main technical problems to be solved in the development of infrared hyperspectral
imagers in the future. Based on the above, the application of infrared hyperspectral imaging in long distance gas
detection is overviewed, and its unique advantages are also analysed. Finally, the development direction of

infrared hyperspectral remote sensing imaging is depicted.

Key words: infrared hyperspectral remote sensing;

sensitivity;  gas detection
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Tab.1 Parameters of domestic and foreign infrared hyperspectral imagers'>*'"

Instrument Year/ Spectral range/ Spectr.al Bands IFOV/ F(ZV/ Senstivity Spe.ct‘ral- ‘ Background ‘

Country pum resolution ©) splitting radiation suppression
MWIR: Spherical
MWIR: 2.0-5.2 MWIR: 25 nm MWIR: 128 0.008 W-um™'-m s 1ca Liquid helium
SEBASS 1995/USA | \IR.7.8-13.5 LWIR:50nm LWIR: 128 73 LWIR: prism/conical "o eration
0.012 W-pm ™ -m g THITOT

Cooled linear variable
AHI  1998/USA  7.5-11.5  125nm/100nm  32/256 13.0 <0.1K Flat grating  11"/The upgraded

version with liquid
nitrogen refrigeration
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Continued Tab.1
Instrument Year/ Spectral range/ Spectr.al Bands IFOV/ F(zV/ Senstivity Spgct.ral— . Background .
Country pum resolution mrad ©) splitting radiation suppression
Cool the whole system
LWHIS 2003/USA 8-12.5 35 nm 256/128 0.9 6.5 0.035 K Flat grating  with liquid nitrogen
refrigeration
MWIR: Fouri
- MWIR: 3-5 4 nW/em?-sr-cm”! ourier
Hg::;lr 2009/Canada | ywp.g.11.8 <0-25cm ! 256 0.35 6.4x5.1 " If\;/n[]{sr o transform No refrigeration
. 20 nW/cm2~ér-<:m’1 spectrometer
MAKO 2010/USA  7.8-134 47 nm 128 2 147 0.05K Concave  Cool the spectrometer
grating with liquid helium
MAGI 2011/USA  7.1-12.7 100 nm 32 0.53 42 — Concave  Cool the spectrometer
grating with a refrigerator
- Fourier
. MWIR: 3-5.3 MWIR: 11 ecm™ Cool the spectrometer
Sieleters 2011/France LWIR: 8-11.5 LWIR: S cm’! — 0.25 — — . ;irtlrsjr(;r;ler with liquid nitrogen
AISA- . Prism- Filter suppresses
OWL Finland 7.7-12.3 100 nm 84 0.084  32.3 02K Grating-Prism background radiation
HyTES 2016/USA  7.5-12.0 18 nm 256 17 50 02K Concave  Cool the spectrometer
grating with a refrigerator
MAKO 2 Concave  Cool the spectrometer
- 6 mW/(m*-sr-
Updated 2016/USA 78134 44 nm 128 2 364 mW/m?srum) grating with liquid nitrogen
ATHIS 2016/China  8-12.5 38 nm 155 1 40 0.17K Flat grating _°°) the spectrometer
with a refrigerator
MWIR:3-5 MWIR:30 nm MWIR: 167 MWIR: 0.05 K Cool the spectrometer

SIHIS ~ 2020/China 1 R, 8125 LWIR:50nm LWIR: 163

LWIR:0.15 K Flatgrating = " frigerator

Temperature - guppressor

controller

Power
supplies

Vibration
cryo-cooler / ’ L
electronits isolator

(a) SEBASS (b) AHI
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(f) MAGI
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(j) MAKO updated version
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Fig.1 Photos of domestic and foreign infrared hyperspectral imagers
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TE R G AR AR B 1 & R 52 b, A s
FEAETTIRERK . 1986 4F, 3 [ H KA MK
(National Aeronautics and Space Administration, NASA)
T & B8 1525 % (Jet Propulsion Laboratory, JPL)
L EAF i) 28 B A S L2 AT DO 20 A AR G (Air-
borne Visible Infra-Red Imaging Spectrometer, AVIRIS),
HH AL 58 220638 1) 32 8%, AVIRIS 7663 A A7 7 1 2%
BT B R ) TR REGE AL R T B S
PR AR, 5T 8 Bk 2 ATt i e R B UK
FE 0.4~2.5 pum (9 S 6 1% 7 ik A 40 R A 4 b 2R
D5 HATS A AR T 23 6], £LA0 s i A Bz T A

(1) SEBASS™

4 5 7Y 5 3 B [ 91 ot 3% { (Spatially Enhanced

Broadband Array Spectrograph System, SEBASS) J& [E
HMRR A TFGE 2080w e iR, Hh 36 A
] (Aerospace Corporation) fff il i 21, % 41 4F = ok
BT 1995 4F B YT T A= iS4, SEBASS
eIG5> HE5 Ny 46 nm, 7E 7.6~13.5 pum {5 [ 4L 128 4
BB, ©RMRESE, Bt T —E 2B ik
TG R G, RGURIAEHDR A G2 2 10 K, DLtk
OEHLET SR ST S22 a2 AR PEfE

(2) AHI®

ZE[E B R K2 (University of Hawaii) T 1998 4-ff
il T HLEELSh i o6 1 LR X (Airborne Infrared Hyper-
spectral Imager, AHD)"\, & T #ll il 4% #% #5 5 4% 5,
AHI ZEFRI 245 T T T 2Pk AT AR U8 2%, H T REAR
HEAARI 5 1 AR 5 SR AR, Xk 2tk ] A% gl 4%
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Frilve o AHIL R HF-TOGHE G, IR AE RIS 65
T, SR FH AR V2 X A0 2 1 % o ML R B ik
T 01K LT, BAG T RAFH R ERE .

(3) LWHIS"

K e %1% (Long-wave Hyperspectral Imag-
ing spectrometer, LWHIS) H 3¢ [E 1# 4% (Northrop Grum-
man) 23 7 2003 £ T O TS A B R
5, LWHIS FFOUHL R ZEH7% ) 100 K PLUT, RAE
] 3K 0.035 Ko LWHIS & HI°F- iG-S aeR
35 nm, Ay £ 5 M LG TR 256 A R 128 I
Bt LWHIS b 2% e A3 S I 2 b v, 22 s e 119 26 08
SHETRR LT 6%,

(4) Hyper-Cam'"”!

Hyper-Cam /& fi Jill K & Telops 23 &) #E H f — 3K
T PR L I PR T A v D' 3 iR X, Hyper-Cam H.
A WA~ 5, S Hyper-Cam MW(3~5 um) il Hyper-
Cam LW(7.7~11.8 pm), 57 85 K P 2040 A% Ot i
{ HYPER-CAM XLW Y4 7.35~13.5 um,

(5) MAKO!""

MAKO J&: 7t SEBASS (%R 1, 3¢ [ T 2 =]
83— R R BE L Ah m oG L RAX, T 2010 4E4F
il B . MAKO BIGIE T N 7.8~13.4 pm, 7 BIEL
128 4>, MAKO R IMEDEHE S, e A5 A
il ¥% Dyson JGIE AL . ZALAR I T — B AHNE &
48 F T CALA R 098 AR I, DGO IR v 31
10 K 724, BEHL R B AT I 0.05 K.

(6) MAGI"™

W ¥ 5 A AR U {L (Mineral and Gas Identifier,
MAGI) 2 3 [ T i 20 v S i 7 2 4R 4L Ah i D61 AR
TR T 2011 AR A SR ELRE AL . MAGT 525 1o
MAKO W R b, & HA 32 AUk B, Jeilk R A
100 nm, S e MAKO 7+ TRZ, M 14.7°8FF
Z+420, il v J7 2 RS IV £ ek o 4 R b o
Vo X I 8 RS

(7) Sieleters!"

Sieleters & 2011 4F 2 [ [ By & W Jay 22 4632 [5 [
F MWK J5) Onera SZ5; 28 Wi il (9 6045 7 8% (3~5.3 um) Al
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AL AR 5 07 2, SR DAY, S63E 2 B A i
LAMER, BT 13 em™, FERIELLAMEBAL T 6 em ™,
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(8) AISA OWL

AISA OWL 275 % Specim 2 4 H i — 27
LTINS I ARAN, 7 7.7~12.5 um JE3E T NG 96
ANV BE, iS4 BERIAE] 100 nm. AISA OWL R il
e BRI AR 2R B PRI 4% , 75 SRR A 2 ad g % 1)
MU R S, JFAES R BN T SR LA IE T
fiE. AISA OWL 95— MRfmiJE s, (A 13.1 ke.
XA T3 I AL 2T SR T RO R T R
SRS R . ik I I A HLE B 5 5K, Specim 2 H
& AISA OWL HEfih 1 3CHfi 7 2t R i) 2 T AR il v
TR A% 1 FALL A 6 1% R A LWIR HS, H s
3.1 kg, AIHEECTEE T AL, SERERAE RIS 100 nm,
YISy B 9 400 nm, JLA7 44 B LWIR HS B 4%
J AL/, (B AR R T FEROR, AU 1K,

(9) HyTES!"4

G TE R G (Hyperspectral Thermal Emis-
sion Spectrometer, HyTES) /& 3¢ & JPL S50 % F 2016
AR R 1 28 BASCRS , AR SR T O AR v
(7 PR 4 TR 4% ) B0 8 S 75 5, ) v il R A
40 K P, B B Bt i o X R 7 R AT
TAT LAKE 5 R G A B AR AR HORT T, DA e
TRALES AR RN 24 . HyTES SR H T 5k i+
BIF TR0 25 L e o 7 B SR 3 A0 1 5 T 1 BE AL 5 o
HyTES JL-FARE T L0 A% s bl i 1) de 2 7K P
HEBORAME L 2 1 W) A0 R AR 25 DL i R4,
75N J7 T HyTES WS 18R s, #5218 Toll
15 Y SR HE IR L T AR 3. HyTES tL 2 3¢
Foi 28 [ 21 41 ik A2 AR (Hyperspectral Infrared
Imager, HyspIRI) (ML FEHL

(10) MAKO 2016

2016 4F, 3 F T2 Al % MAKO MHL 2% .
AV T AR =5 AT TR OGE . s SR Y
HL 2% 2R G0 WU AT 3k 3255 Hz, B4 1 911 A7 56t
BRI, B2 1 e AEL AN e DX 012 i By 280, SR
F 73BT PID FPA JALEAEER, (R 1% 22 35 %) 1 mK.
il AL 0001 3T, MAKO T4 hie T 52 31
+56.4° (1 LI AL, R b8 Fet o B AR IO
1.2 ERHHRBfE RS

F [l 2181 i 't i 12 S Y e e S e T BRSO T K
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T, HEBEEBE R Y EE ST A TR 5
A LI EOLIE BURAEDLN, TE s L I =
LGB A UG GIE A H 1 SRR T, W H i —
A58 T LA DTS UL TR KT, TR
T RIS E DG S R SL (Airborne Thermal-Infra-
red Hyper-spectral Imaging System, ATHIS)!"™'" "1, 7E
JEA B AR M R IR L, 2020 4, 100 H 4RI T4
(B8] /&5 43 BF 21 40 w5 Ot 3% 1% {0 (Space-borne Infrared
Hyper-spectral Imaging System, STHIS) f%) #ff il , STHIS
B AL P (3~5 pm) A (8~12.5 pm) AYLLAN
X FEERTEH .

(1) BLEALLS R R R 58 ATHIS!

ATHIS Fij £ v 2015 4B 69 S BEAE AL, 2015 4
6 H I SE B A R, T 2016 AEBFRI LY, I AE
TR A8 AR5 T LU 22 DX W VLA 2R B T A
S5 2N DX i T i as 18 BN I 529 . ATHIS {4 %
Wit Ry = & e bn A [R] B AL Ah = 6T A AL AL 3 41
PiH Iy S 400 7, HB 5 ML L7
1E 14°75 0 o TEIOLHORBSR M e FR AT T PN
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i 100 K il ¥4 24 N . ATHIS B4 ML E e bt
BT AT A R AR B4R S E bR . ATHIS R
PRI 25 O T AT 5 AR v O 58, e BT 28 RABUEE
0.17 K,

(2) &3 ) & o BREL AP DG IS USRI STHIS

SIHIS 7EJG 73 it . Sttt . 5 Sl Jr 2 A
PRIEE B35 ATHIS 45 —2, 2 ERM TR0
el = RN BT, 25 G M PHEHOR S T %5 ()
Sy PEA 30 m@708 km, WL B 98 60 km HIZE G 46 b5
ATHIS H5 % Be B 3 40 @ 2 1 bl 21 403 Be, S 4%
328 AR D BL . TR PR B, SL R BRIk
30 nm, G SRAFE ] B A 14 nm, 588508 S0 45 1K 2]
0.05 K; 75 1 I 1 Be, SL il 7 B AR B ik B 50 nm, St
T SR A 8] B 2 29 nm, 7 BEE S0P B35 3] 0.15 K.
SIHIS S 4.84°, AAT BT i 2 [T 7R ik .
13 BRRERER

XF T i UG AS T &, Ll PR 2 16 o

PE GRS PR (AR R S IR T AR A
JEiE ., A IE] RS = O RE, X AN AR TR
PEU e T i AR 1 e N PR . XHE IR AR Y
RGN, WA A RS & HARR I 3 5o X =
AR LR G R T R

MIETE S BRI TE , CA 1K/ 2050 R i i
BASETE S BERISTE 50 nm T, %48 b 76 H 8™ 45 45§
A LA B RS B AT T R . YT BT R R R
M, S o> PR —MZAE T 20 nm, Ff HLGE4E X
FEEAT 1 nm.

M2 (815 BERNC T, HLER IR A 10 43 18] 43 BER —
AN, BB J5 T, K BH [R5 B 0 25 ] 43
PR — M AE 10~50 m Zr BER B, AL 1925 5]
PR, — BT B R R AL AN B, X Fh
THOLT, FBER HIDGIE SO v 5 S Fa S m il 7 % .
23 (8] 43 B A S 10 53 Ah— AR bR 238 I 47,
H T HAIE R VR RCR (RPIR5E), SRR AR 2R A 4
KA T VATLLE I, B0 X — w8, 58
1) 2 R AL MAGT 3T SR WA 3 a2 Bl
Yy ffr, STHIS N5 1 = AN 0037 B 422 114 0 Xk 4 R A
M.

AR G5 BEROR G, X TR b AR R
SR VB BV A T A B S o0 R — IR T
0.1 K, >R T RE ARSI v B A #F — M 7E 0.1~0.2 K Z 1],
SR FE A8 B I S AR AR ) 118 4S8 1 o S R A — M
HUF T e AR A RS . BRI BT 1, ik
CLAMR RIS o B — A O TS U e B . 3kt v
KT B 2T A5 i A AT o M 3 WA, B 24
AT MCT RN 45, 1 208 24 1) 1 T BF R I 25 A —
I AR TR 4, 7 S5 R S R 5 T S8 A S PR
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FETE S RN 23 (8] 3 3R TS AS BB G 2 Hb ™ 401 355 114
N K, A AE G 23 PR 3R SR T ey 1 AR 451 4k
R BRI T R BK 2 . 6 R, H Ak R
W S S RN i RS AN S EA =Dt I TR A
0, SRS R A A HRE R 1 K R, 7 AR 22 4T AT
SELL FH

20210866-6



s Gk A2

%74

www.irla.cn % 51 %

L5 Lk, 2140 T AN Y e R 1 4k S 4R v
TEFEWLL ARG A0 3 | R HL I veg R B0 RN % L A%
627 5T SR SR BOR, BFE] AR FRUBT B,
DI N e SN B i S | e R

2 ASNERIERGSERD

FEILT T A B 2040 i s AR R B9 St il
TR FH AR T8 BBl 8 0 R A B 5 A T S 2 AN T
K o N HyTES {28 19 2 PR I R KB, 20
A e T AR AT ARSI B B | R PRl Ay 249 T S Bk
SRR TR L W SR AT SR G R, U H R A
U2 B AR B8 7, AR Lo B 2T A0 63, 7E kS
20 A5 ) 45 8k LA AR
2.1 AMERIESERUE

METHME B LR 28 3 SRR, IR A G215k
P AT R 1) O T BB A 5 AR A R RE R g
ZEMERE, SRR O T RE i, I IR BB
BRIE B B B o A AR, MM A5 A S 20 i e e
SR A B WA, b A AR TR A0 ) SR A AS [ 11
SRS . TLT B B SRR AR Y <5 80
FETEIER, X R 2 T B R AR A U ) S A
Py, P 2 45 0 TN TR AA By 6T 7 4 21 AR IR A
JEIERELL . G, 3~14 pm [ PR IR LN RS AR T
BRI 1) SN 1 2R B, MR T T IOk 3 i i Bt
BB A L AR R B, L A TR B L IR
1~3 4~ 4, FI i BT J SRR DN 2 R AR
P B, R 3~14 um JF SR 1 1 B2
e BT 4 HE RN S T /500 L BT

B T ARB AR B0 s LA T K B4, T
PR A, FE4m BHE 4 R v, A0 LA 5 ) i

Environment  Industrial process
L 10x10'® L  monitoring - control
E CoO, Medical diagnosis
)  odical diagnos
g Ix107% ¢
E
Z 0.1x107% F
=
iod
= 0.01x10" | |

2 4 6 8 100 12 14 16
Wavelength/um

P 2 R SRRSO

Fig.2 Infrared absorption spectra of different gases™"!
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Ligas (A1) = Ly 405 (A1 (A0 (A) T s () + Ly () +
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Fig.3 Schematic map of airborne detection of gas plume
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Fig.4 Schematic map of ground detection of gas plume
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Toas (A A5 G AR 10 565 1, () 5205 G UK
Z I B R ARB 1 55 1,(4) R 15 YN AR IR Z R Y
RAB IS Ly oo ()R T5 G SR EATAR S L(A)
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