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Abstract: To address the bottleneck that makes the conventional polarization spectral imaging method diffi-
cult to apply to the ballistic platform, a fast multi-dimensional imaging guidance optical system based on ar-
ray optics is proposed. The correlation model between channel resolution and telescopic magnification is con-
structed. The precise matching and efficient utilization of the parameters of the microlens array, spectral fil-

ter array, and micro-nano-polarization array detector are realized. Based on the conventional guidance head
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and commercial polarization detector, a multi-dimensional imaging guidance optical system with spherical

dome is designed. The system adopts a 4x4 optical field segmentation layout, forming 16 spectral channels

through the visible light band with a spectral resolution of 16 nm. A polarization spectral data cube in four

polarization directions, such as 0°, 45°, 90°, and 135° is acquired efficiently under the conditions of a single

optical path and a single detector. The system has an effective focal length of 150 mm and a structure length

of 145 mm. Simulation results show that the full-field modulation transfer function of the system is close to

the diffraction limit at the Nyquist frequency for 16 channels. The imaging quality meets the requirements of

bullet-loaded target multi-dimensional detection and identification.

Key words: subpixel imaging system; microlens array; polarization spectral imaging; division of aperture
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Fig. 1 Schematic diagram of the proposed fast multi-dimensional imaging guidance optical system
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Fig.2 Symbolic diagram of the optical system
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Fig. 7 Three-dimensional diagram of the designed optical system
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Fig. 8 MTF of 16 spectral channels of the optical system

HIPE 8 n] LU Hh, B tar R GER UL IR
Wt K A R AR, B e AT
MTF B RTHA AR, MR e R o T
2P EUCHE A ] BDERHR B R B, IR
Xt WA JT P A B R R E AT 203 P 9O P LA
TR N RS 16 MEimE MY T i
IH—Aemr AR o AR 1 n] DU DG R
{5 THT P A8 5 72 A R A, S f L Dl
T TR AR A0 G AT P PR G T A TR AR
BOR, B ROt Al | AR (/)

T 0.528%, Xf I FME M I (1) e RIS 14 2.1 pm,
AINF TAMEITRSE, A i 8 3 R X A
BN, RGN 51 fLAR UG R 25 R RS I SR 2
F 10CE B LRI TR S 2= R 48 16 M63E
i I B8 B AR P 4R, AR 2R A HER 1 E L
AL LB AR K2 b B AME T, IR ST
o 6.9 um, T i I (1) BE A P AR T
81.1%, figtt FIl FH 3 5, RE Tl 2 28 G i 25 4
RGP RE I ZOR o F T4 ) i R, R (R
T 3 Y R S RIS R S 1Y, X PR 4 T3k



%6

STREAR, S BT RS A I P 2 4 AR ] 3Ot R STl 1427

AT AT A — 2, PR B s &R
GEetptm R 2E . R 10 FT, ASOLRE E
(Y BB 5 P B 2 W  BAR I 2, e RS
A8 5 /N T 3 LB, il ) (0 HCRR 2545 BAC IE .
LR LT, et RGBSR, W AR BT ESR
HEA i PROCHE RS L, IZ R GRS
A1 J7 2T B ARG 1S — Ak, 25 1) M 5
RGN0 16 ASEHEEIE, YL HERIAE] 16 nm,
REAS DR H BRIk 220638 IR . tah, I
A T 2 R AR S SN 2 2815 S
FIAR, &S AR EEie AR R 2R 2 (1 5 2

7 L
= o

Y field

0.4%

0.3%

0.2%
- 0.1%
-0

-0.1%
-0.2%
-0.3%
-0.4%
-0.5%

0 1 Xfield
B9 JeERGE 16 Mtk IH— g T i A &

Fig. 9 Distortion map of 16 spectral channels in the nor-

malized field of view of the optical system

Energy concentration

NRRNRRN

0 1.5 2.9 4.4 5.8 973
Radiation radius/pm

K10 SEeRSE 16 MLk e A A 2
Fig. 10 The energy concentration curves of 16 spectral ch-

annels of the optical system

32 RELSH

HERNF RGN Z0VARR, ZRGE T
FERFIRTTE, X R A Rk T A AT 3 AT A 2% 6
i ot R ARG R RSB, mAn T
F AR 2R B RS R R, B EY)
AT H TR ERAE /N, B LRI AR

DR ZE ELHER R B T T A SR B, DR X T R
BEHEREFN R, TFLARRY A A 7 B L i
A SR R WA G I ) G BE P R, ik
TR 5 fold B e 51 1 [ il S8 M A% L LB
YR R, TR — i i Y B R T A
JCIEIECHEIN R AR bR . RGEH I LB Bk
PR I A 22 PRV E N 25 £ 2 0t
PRGN FERER . M RMS SLHEERITH 2258
(P g, #5438 18 9 RMS YGBE 42 4317 45 5 4n
3R, BEREW: 500 IRSERER B A 250
A 90% AL IR BT A I8 T 1Y RMS JEBEA4R
/NT5.94 um, SRR S A ZR G AT LA 2 R TR
R, A2 I E B

®2 AFRFAERE

Tab.2 Optical system tolerance settings

POE N FEHRY HfE
o W
X, YJ7 i ffC>/mm +0.08 +0.08
o ZJ7 )55 /mm +0.025 £0.025
X, YJrTafaig(°) £0.1 £0.1
TR +0.001 +0.001
iR/ mm +0.001 +0.001
A7 A B fff O /mm +0.005
JEL ¥ /mm £0.025
pe ] BB AN +0.3
AH +0.2
ih#k42/mm +0.01
{37 EORE B fjC>/mm +0.005
G AR () +0.3
S IR GRS
AHE £0.2
JELEE fmm +0.01
RIS +0.0008
JeREA +2
JELEE /mm £0.025
AL +0.25
WA BT DK% 0.08
TEAFBA() +0.8
FMHA() +0.8
JEfFfCo/mm +0.008
i f.L>/mm +0.008
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Tab.3 Monte Carlo tolerance analysis results
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