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Spectroscopic Imaging System in Mid-Wave Infrared Imaging
Spectrometer on Geostationary Orbit
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Abstract The spectroscopic imaging system in a mid-wave infrared imaging spectrometer was designed and
developed for hyperspectral remote sensing satellites on geostationary orbit. According to the characteristics of
geostationary orbit, index parameters of the optical system were analyzed. It was pointed that such spectroscopic
imaging system features long slit, small relative aperture, and compact size. A double-slit Offner spectroscopic
imaging system was designed with a spectral range of 3—5 pm, splicing slit length of 49 mm, spectral sampling
distance of 50 nm, and F-number of 5.4. The whole machine refrigeration was adopted to improve optical system
sensitivity. The analysis results showed that when the working temperature was lower than 160 K, the noise
equivalent temperature difference (NETD) reduced to 0.2 K, and an athermal design was performed on the basis of
the cooling temperature. Based on the results of optical design, the whole aluminum alloy imaging system prototype
was developed. The peak efficiency of a self-developed convex blazed diffraction grating reached 86.4% . The
performance of the prototype at room temperature was tested using high order diffraction spectrum of visible and
near-infrared light. The test results showed high imaging quality of the imaging spectrometer with slight smile and
keystone distortions; in addition, all specifications met the design requirements.
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Table 1  Specifications of the MWIR imaging spectrometer

Parameter Value

Orbit height /km 36000

Swath width /km 400
Spectral range /pm 3-5
Spatial resolution /m 50
Spectral sampling distance /nm 50

Static MTF =0.4@4 pm

NETD/K <0.2

Smile /% <10

Keystone /% <5

detector 1

B BB R R GEI& DF R 2R

Fig. 1 Schematic of detector splicing of single

spectroscopic 1maging spectrometer

SR #8 TUART P42 00 B X N 43 6 R R SR
FHAR R 422 7 =X Uk 4 H: rp PR 25 B 4 K 8 0%
T B R g s ) RUSE, Ope 5% MK R 49 mm,
K24 T 4 G0 6 MUR RGEDHE R IR B 95 AT
B 192 mm RS, Rk g A 28 5 6 R &
TG REWE W HUNT R PHERE K
BE S, RP R W<2S,

TAET#f R BUIE MO 2% R 48] 38 o 3 8 8RR
3 B[R] R 1 iy RAERE 3% rh I 20 A0 43 06 AR & B ik

1122001-2



F 415 F11H8/2021 F£6 B/ ¥R

fore- spectrometer 2 spectrometer 4
teleobjective
image s
\ —
; -
192 mm
spectrometer 1 spectrometer 3

w
B2 5t ifg R PR B
Fig. 2 Schematic of spectroscopic imaging

spectrometer splicing

AT 5E G R L ok BE — 2B B AR MR SE 0IR 22
(NETD) , B 29 3% & G A A fLAR 19 2 Z 48 45 A
P A% 3 R R (MTE) . 5% 2 3 e 0 32 4k 19 3R 48
MTF" H

g fé O~ ON ON :

Surr (o) = TE {arccos({()(.)pC 1*(;) } ’

(D

Aoy N 28 R IR 5 4R I 4% 5 A 415 oo R
Fa A Kspo WBTTEIEBIR, 5K A MRS F
BA K.

_1
‘Ol\_Za
4 o (2)

1
o=
BT RO A — R F B0 5.4 1,
REWFHRE 0 IERK MTEF 8 T 0.4, 254
LR O RGN IEIR SRR AE TR 2, kAT
JEET7 16) F9 M THG 73 9% 30 0 5 R R 7 1) — B0, OBk 4% 98
JEN 24 pms BRI ESOLIE D7 1) 3 MEITA IR
40 ANJEig i IE 5 120 SOGIELEGOT R E 6

FM2

IMAG1

BLTE R 3. 84 mim s XURR 4% 78 A% 1T b 2 B 6 A ik 57
R ST AR o A (1 ' T 50k T R 00 25 088 e )
WAL XU 2 i) o 20 A T €5 1505 55 R0 8 I o =2
B6.9 mm, AN, XL RGEANTF R L 1
HIL NETD R R 335 iy A8 25K,

£ 2 HFRARWIERSH

Table 2 Specifications of optical system

Parameter Value
Spectral range /pm 3-5
Total length of double slit /mm 49
Interval of double slit /mm 6.9
Slit width /pm 24
F number 5.4
Dispersive width /mm 3. 84
System width /mm <98

3 ARG

HRAZHEAR AT LAE 1% R G f7E TR 48K (AH
X FLAR /N AR B R O R AR /N L 3 250 AR I T
PR LA AR NETD 2Rk, 3% F ™ ifi 77 95 56 Mt
(4 Offner #4300 % B HAT R FUE 28 L BUIR o 1R
T AR /N R AT 38 T AR 58 U 218k 43 o
WAR R G, B AL O 4 1 Offner &G
B2l T R IR GEAR (S (37 S N O N B S G |
B ZEMAX k0 e iR 248, & 3
BT R H I LT A0 53 5 IR FR G s AR 1 A Al 1)
PR, R G0 & WU 4% ST S2, BR 1T 2 458 M. AT
AT S CHE G [FLC s Ry 7 (B DF 42, 78 & e AR i
S R B AT BB FML 1 FM2 H T &6 .
IMAGI F1 IMAG2 4350 5 5 ST F1S2 X1 B 3% 1
ARG e O AR ST, R 3 4 TR
SR R G BB SR RE S E.
()

20 mm

K3 B Lroh o e AR B G B R R . Cao IRRIAL 5 (b Bl 1] #R 14

Fig. 3 Schematic of optical path of the mid-wave infrared spectroscopic imaging spectrometer.

(a) Side view; (b) axial view
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Table 3 Main structural parameters and performance

parameters of the spectroscopic imaging spectrometer

Specification and Performance Value
Radius of M (Ry;) /mm 218.56
Radius of G (R;) /mm 111. 00

Grating groove density /(line * mm™ ") 19.1
Blazed angle of grating /(°) 2.6
Diffraction order —1

Lateral displacement of slits /mm 31.4 & 38.3

Package size /(mm X mm X mm) 88 X168 X180

Smile /% 0.3

Keystone /% <0.1

MTF @ 20 'C @4 pm 0.41
RMS spot diameter @ 20 C /pm <8

2 3 B mT A, BT 0 4 6 IR R GO 1
AR L S AR BN R 1045 T 5 2 5 BT
AN EBE A5 0 AT A S A B AR s, B
BE RGN 88 mm il PR S, B4 4 Bt
AR FR GV R B R B A D AE [ — i, T
XoF 5 B Y R AROT TH AH AR A3 6 BUR R G AT R S
[E] B, 10 mm,

BAR FEIE A2 T A LA T Rk i [ &
AR IE G e 2T A1 R SRS i A AR I 2 TR R R
BHRBRAZRABERLEZBERES . kR UT
il Y BE A R0 ) T 5 A 6 4 T A I 2 3
il VA LA ol ¥ 5 A B A L ELARG R 23 ' 2 ot 1 1 Y 5
EE R AR s A I ININTIE- ALK VE L e S N 5
(18 38 T M A5 7E T30 A2 A 38 0 TR L DA N T
0.2 K NETD 23K, SR T 22 X5 400t iU &
ES VYA i R | R (1107 NG s T = B IS o o i R B G B U 3
HERR Aok ) EE T R GRS E LA O' B PR L OF
FETIVR WL T X506 U R G AT I 2 Rt

K4 B RrgE R B
Fig. 4 Splicing schematic of spectroscopic

imaging spectrometer
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infrared spectroscopic imaging spectrometer
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Table 4 Surface optical properties of optomechanical
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components Table 5 E\,qgoma and NETD of the spectroscopic imaging

Element Optical property spectrometer change with the cooling temperature

Slit Reflectivity 90 % T./K E bckgroma/ (W« mm *) NETD /K
Reflectivity 98.5% 200 X108 2.12

M.FMI . FM2 ’ ' 24510

Scattering coefficient 0. 02 % 180 4.41%x10° 0.92
G Designed diffraction efficiency 160 5.20x10 " 0.13
Absorptivity 1. 5% 140 3.41x10° " 0. 04
Absorptivity 90 % 120 9.27x10" " 0.03
Mechanical frame Near-specular reflectivity 5% 100 6.27X10°" 0.03

Lambert scattering rate 5%
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Fig. 6 Center wavelength MTF curves at room temperature and cooling temperature. (a) Center wavelength

MTF curve under 20 °C; (b) center wavelength MTF curve under 160 K
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Fig. 7 Slit and its microscope test chart
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Fig. 8 Self-developed convex blazed diffraction grating and its groove shape test chart
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Fig. 10 Spectral performance test setup of prototype
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Table 6 Spectral performance test results of prototype

Parameter IMAG1 IMAG2
Spectral sampling distance /nm 50.0 49.9
Max smile /pm 1.2 1.5
Max keystone /pm 0.6 0.6
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