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Abstract Broadband hyperspectral cameras can comprehensively record the spectral information of a target, which is
currently a significant research direction in studies on hyperspectral cameras. However, the broadband is bound to cause
problems with excessive chromatic aberration and secondary spectra of the system, affecting the image quality. Therefore,
based on an analysis method called the Buchdahl vector dispersion model, an optical system of broadband hyperspectral
camera based on linear variable filter is proposed in this study. An image side telecentric transmitted optical system with a
focal length of 100 mm, F-number of 5, field of view of 14.2°, and spectral range of 400-1000 nm was designed. The
hyperspectral camera based on this system can capture images with a spatial resolution of 21.5 m, spectral resolution of
10 nm, and swath width of 125 km at an altitude of 500 km. The image quality evaluation and tolerance analysis show that
the system has an excellent image quality and satisfies fabrication and alignment requirements. The modulation transfer
function test results show that the system can satisfy actual application requirements.
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Table 1 Design parameters of optical system

Parameter Value
Wavelength range 400-1000 nm
Focal length 100 mm
F-number 5
Field of view +7.1°
MTF >0.3@118 Ip/mm
Distortion <0.06%
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Table 2 Ray-tracing parameters of initial optical system

Number Glass ¢, /mm y, /mm N, a ™ 7
1 H-FK61 0.015 9.624 1.4942 1.4436 —0. 0400 —0. 0037
2 H-FK71 0.018 9.003 1.4542 1.5159 —0.0362 —0.0042
3 H-BaF5 —0.024 8.103 1.5995 —1.6373 —0.0703 0. 0051
4 H-ZBaF21 0.031 6.596 1.7151 1.4014 —0.0797 0.0122
5 H-QF56 —0. 047 5.981 1.5615 —1.7470 —0.0718 0. 0065
6 H-ZF72A 0. 006 4.902 1.9027 0. 1496 —0. 1476 0. 0604
7 H-ZF50 —0.031 2.932 1.7294 —0. 2769 —0. 1050 0. 0296
8 H-ZBaF20 0.019 2.884 1.6940 0.1642 —0.0742 0.0091
9 H-ZPKI1A 0.017 2.833 1.6135 0.1418 —0. 0509 —0.0022
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Fig. 5 Dispersion coefficient and vector of each lens of initial

optical system

R T IR AT BRI/ Go AL, I i 4 — 26 173 B Y
BEEARL, BAN, RARIE R GBI AR LA K, R
AR R P B RS R B B S RE R AR . AR S ep T L
H L H-ZF50 F1 H-ZF 72 A 9 4> 39k 35 85 5 5 20, Jilr DA
AN B 8 5 7 A G TS 0 B X R A R K,
H i H-FK61 .H-FK71 fl H-ZPK1A X 3 > 3% 35 5 )5
SRR 5 st 2 U, AT L O 6 7 B I 4R v 7 (8 R Bk
T ay IR 4, vT LAE 3% 5 H-BaF5  H-QF 56,
H-ZBaF20 } H-ZBaF21 f£ & 5 Wy v ) 47 & . Horfr  H-
ZBaF20 .H-ZBaF21 ¥k IE & % , H-BaF5 . H-QF 56 ¥
JEEL . B4, H-BaF5 fll H-QF 56 43 51 % i 46 3 4~
A 5B, EATERE T80 /0 6 22 1 353 25 38 52 1Y
—EBAy ANETSC 2. 27 Rk o B Bb, IO 0% 1 R T A 3
FES 52558 10 B M B o BB 00T B IS AE 9 25 (] v
{59 A8 (1, 7 ) %422 30 DR 1 B 38, 3 R 22 T 9 €0 B
RS2 M 22 K, Al LB 1k HoAth A% 22 04 38 m LA &

0922002-5



£ 605 FIH/2023FE5 A/HMAESBFFHE

FEGJJ“EMJC

MR b3 S5, % B 38 55 4 kL H-QF 50 #1 TF3 3k
A3 AR O B B B A B H-BaF 5 Al H-QF 56, B ik
P MR (8 Zemax B X & G AT AR 4K L P Ak
JatE R G AN K 6 Fr R, 6 R G ok 2k GE i
S B N R YR B B Y R R Bl S 3 TR, X N Y 68
KuEmE7m;R . NE R LA W, G 1B
0.0108, lb#its 2 /MRZ . iRl RE AN A
BRBUAR/N, RUZ RSB A R0 6 268
RGN 2= M e an 5] 8 iR, Tuﬁm,zloonm%u
1000 nm P AE 0. 707 FLARAL 2 AE T — 45, B R
GAE 0. 707 fLAR Ab M IE T 8 2% 5 ﬂﬁ7oonmmu§zkf
0. 707 fLA& AL 85 400 nm F1 1000 nm K i 52 5 1 17 7E
—E M, R RGEAR TR PO, H RGE

0. 707 LA AL B —HOG 3 1. 25 pm. FEWI R VG- R
e 1) (5,25 il 2k b, 400,700, 1000 nm 4 3 K 7E 0. 707
LR AL BN S, o 22 R AR K, 1S 2 T ik
o AW UG G2 R G, A ST T B A R e Fn
SEFRAL G I R AR 52 T bR PO RE it —
POCIE I /N TR R G, R &S T R
2R,

=

K6 fofb)nmoesr RGEA5

Fig. 6 Configuration of optimized optical system

#3 MO RGEHDOLLIB TS

Table 3 Ray-tracing parameters of optimized optical system

Number Glass ¢, /mm " y,/mm N, a; m 7
1 H-FK61 0.015 10. 005 1.4942 1. 5007 —0. 0400 —0. 0037
2 H-FK71 0.018 9.307 1.4542 1.5583 —0.0362 —0.0042
3 H-QF50 —0.023 8. 355 1.5752 —1.6047 —0.0753 0. 0064
4 H-ZBaF21 0.031 6.692 1.7151 1. 3875 —0.0797 0.0122
5 TF3 —0.051 6. 008 1.6062 —1.8399 —0.0719 —0.0015
6 H-ZF72A 0.007 5. 050 1.9027 0.1674 —0. 1476 0. 0604
7 H-ZF50 —0.031 2.944 1.7294 —0. 2685 —0. 1050 0.0296
8 H-ZBaF 20 0.019 2.892 1.6940 0. 1588 —0.0742 0. 0091
9 H-ZPK1A 0.017 2.843 1.6135 0.1373 —0. 0509 —0. 0022
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Fig. 11 Field curvature and distortion of optimized
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Fig. 9 MTF of optimized optical system

Tolerance item Value
Radius /fringes 1
Thickness /mm 0.01
Decenter (X/Y) /mm 0.01
Tilt (X/Y) /(°) 0.0042
S+ A irregularity /fringes 0.2
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Table 5 Tolerance assignment of components
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Scale bar : 20 Reference : Chief Ray Configuration 1 of 1
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Fig. 10 Spot diagram of optimized optical system

Parameter Value
Decenter (X/Y) /mm 0.01
Tilt (X/Y) /(%) 0.01

Index of refraction 0.0003
Abbe number / % 0.5

5 SERER
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Fig. 12 MTF test results at different fields of view. (a) 0°; (b) —7.1%; (c) 7.1°
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