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Abstract In order to meet the integrated application requirements of full-spectrum hyperspectral imaging and detection,
this paper designs a visible-to-long-wave infrared (LWIR) co-aperture imaging spectrometer. The front image square
telecentric objective is realized by an off-axis three-mirror structure, and the spectrum is divided into four segments by the
field of view separation and beam splitter. The post spectrometer adopts an Offner structure with asymmetric convex
grating, and the magnifications of the middle-wave infrared (MWIR) and LWIR spectrometers are set to 0. 90 and 0. 61,
so as to meet the requirements of design specification and imaging quality. The design and analysis results show that the
proposed system achieves a ground coverage width of 30 km at an orbital height of 600 km. The F number of visible
spectral band to short-wave infrared (SWIR) spectral band is 2.6, and resolutions of visible/near infrared (VNIR) and
SWIR are better than 5 nm and 10 nm, respectively, with a pixel resolution of 30 m. The F number of the MWIR and
LWIR spectral bands is 2. 3 and 1. 5, respectively, and their spectral resolutions are better than 50 nm and 100 nm, with a
pixel resolution of 50 m and 74 m. The modulation transfer function (MTF) of each spectral band is close to the diffraction
limit at the Nyquist frequency, and the spectral line curvature and color distortion are less than 1/10 of the detector’s pixel
size.
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Table 1 Technical specifications of optical system

Specification VNIR SWIR MWIR LWIR
Spectral range /pm 0.4-1.0 1.0-2.5 3.0-5.0 8.0-12.5
Field of view /(*) 2.864 2.864 2.864 2.864
Focal length /mm 400 400 360 244
Detector pixel size /
(um X ) 20X 20 20X 20 3030 30X30
Number of spatial dimension pixels 1024 1024 640 640
Spectral resolution /nm 5 10 50 100
Pixel resolution /m 30 30 50 74

3 NHERFEEIT
3.1 XERZFEITREFR

IAZCTEOE 2 R e — M AL 445 A AT R R 5
RGBS AR RS, X TRl B I RS, 45/ 5
A G R AR S KRG BI04~
12.5 pm, A b T35 5 2T 52X, 2 il s 58 U4 0 2
B2 35 T 900 B 32 B8R 8 AR AL R g |
TG s T TR 37 A A A WOR S b = R 25 R AR
G Ty D BRI W B . 5 AR G i G HR ol G ek
B Y 7 B AR LE L 7 DG Offner S A 45 ¥ B AT 14
FUN 5 I A k2l (e A N 45
S HCE RS A T A [N o

LA T R 2R S Y BE T ME S5 E T U] S B AT
WL /3 2T A6 i 21 A6 b i 21 A0 R I 21 A D i B Y
e TR A R AT LB R LA RO R R g R
T SCB AT UL /T 20 A0 0 £ A1 R B R R 4y, R
4y B s R RSB SR, AR RS

o B S I Y i B R 4y, AR R W 4 ) v R AL
GO R A T IESE . R
Sk 5 4 B e A B AR AE 10%~20% B fiE
AR X S BRI A 5 MR L 4 0 X rp i 21 Ah
FI I 21 A BE 5% i 5 K, BO7E 25 6 5 IR R 1Tk
5WGHEEERNEAT FEM - AZPRET
SAEWMAE, MBS 1(FOV 1) (B 2
(FOV 2) MIE % 3(FOV 3), WE 1 frxs, ASHt
H AT E B RGN 5E ao0, L =AM
S8 L FOV 1 8t i B 8% )5 24857 (8 7 o3 1S B, o
S AT DL /3T 1 A RN U 2T A0 S B IS, FOV 2
HEE R FOV 3 58 56 43 il i#F A K 21 A1 Fn ep i 21
AP B TEA

X BT R G, Rk B8 T v 4 i B
GOty ¥R e SE AT B L R BT &% Bt
BLIR BN WA, — R R A R 4k R 5809 7 ik ok
MO S [ 3 Bl 2k R G R AR R FE R A
AP B 1A S A B A R GO VC L AR LN

2322001-2



% 42% F23H1/2022 F 12 B/RFFR

SWIR
detector
I

/

SWIR
spectrometer

|

beam
splitter

FOV 1 VNIR VNIR

/ spectrometer |, [ detector
> FOV 2

> LWIR LWIR

> lore optics P spectrometer detector
> MWIR MWIR

FOV 3 spectrometer detector

K1 JeERFERIT TR

Fig. 1 Design scheme of optical system

SR e B e AN S FT RE RN F A T E B RS
7 B X 42 44> Offner G5 AL, MR % 7 vk 23 18 fin 4>
S RN Ol S PO A O Rl 1 I N =
Offner ™ AT E MG R A HOR 5k 3R A5 45 3% B AS [ 5
PR 7l T S LR B R AN A R AR £
B R 360 mm, KIELLAMH G RAE R EIE N 244 mm 1Y
BRI 43 513 TR R 0. 90 0. 61 1y v /K ik
LEAMETEAL o BT E R G ARGR B T T iR 5 A
8 IT o BE A ORUE T b THT P8 M B A — B0k i HL i
FHIN Z gk Il KU LLAME B F o il ik #)
2.3.1.5,
3.2 BHM=REGEHFEZOWEILIT
3.2.1 M AKLER

B = R B R G L R R R R G SR,
mE 2R, =R AZGEWEN N7, =455
[EBE(M,) KRBT (M) R =85 (M) 1114 T0 5 il 22428 4

A R, VR, M Ry, M, 5 ML A B R oy, M, 5 M 8] B
do, M ST oo ARG TURDE 22 UR BIE , 4%
SRR K AN

R,=2f", (1)
2a, '
R2:1+];1, (2)
R;=2a, [/, (3)
di=(1—ay)/, (4)
dy=—a, f, (5)
di=1+a)a, [, (6)

o, B ML M A S 42 G RT KOR 5 o, BT BN
M, X M, 38 42 b R R 2% S O 358 B o
0.5, d=—d,. )i R =RBEEME, LKA
Giil =R ERZ S, E 2 S MR HL S, 43 &, et RD
AR =R R G TR S

K2 [Fh = R 45t

Fig. 2 Coaxial three-mirror system

3.2.2 AF ALK IERLER

FEAF BRI UR E5 40 )5, >R A 3 sl O i i 1, g b
M550k —9.3°(FOV 1), —9.0°(FOV 2) fil —8.7°
(FOV 3), =R M7 J7 M 45 TF 2 2. 2 mm. | 62

BT 2 EALS IR B S L 2 R .
TERI AL AL, O (0 i & B 2 48 5 45 38 BOL %

ASCAY S i VT BT, A2~ BT BPF i = RS S B

1877 1 U 19 25 AR AOR AT LB o A F N

2322001-3



% 42% £ 23H1/2022 F 12 B/RFFR

F#2 ZEASRITISH

Table 2 Design parameters of multiple configurations

Design parameter Configuration 1

Configuration 2

Configuration 3 Configuration 4

Off-axis field of view /(%) —9.3
FOV No. 1
Spectrum VNIR

Spectral range /pm 0.4-1.0

—9.3 —9.0 —8.7
1 2 3
SWIR LWIR MWIR
1.0-2.5 8.0-12.5 3.0-5.0
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Fig. 3 Optical path diagram of front telescopic system. (a) Overall optical path; (b) optical path at image plane
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Optical path diagram of Offner spectral imaging system with convex grating. (a) Incident optical path ; (b) outgoing optical path
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Table 3 Initial structural parameters of Offner spectrometer in each spectral band
Parameter VNIR SWIR MWIR LWIR
R; /mm 66. 67 66.67 60. 00 50. 00
Slit width /pm 20.00 20. 00 33.30 49.18
Slit length /mm 20 20 20 20
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Fig. 7 Optical structure diagram of whole system
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