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Abstract In this study, an analyzer assembly suitable for developing a midwave infrared thermal imaging camera is
designed to improve the speed of traditional time-sharing infrared polarization imaging. Further, the model of the
mid-wave infrared thermal imaging camera is converted into a midwave infrared polarization imaging device to obtain
the infrared polarization information of the target scene. This device uses a motor to ensure that the infrared
polarizer can rotate at a uniform speed of 900 r/min and collects infrared intensity images in different polarization
directions. A single pixel non-uniform differential image correction method is used to remove the cold reflection of
infrared images, and the iterative sorting method is used to process an image with the corrected infrared intensity.
In addition, based on the constructed Stokes vector model, computing the adjacent three consecutive intensity of
infrared image of the infrared polarization and polarization angle, assurance and the intensity of the infrared image
has the same imaging frame frequency. Experiment results show that the aforementioned device can achieve stable
output of the infrared polarization degree and polarization angle with respect to the target to be measured. The frame
frequency of the output infrared polarization image is 45 frame/s, which is in accordance with the real-time infrared
polarization requirements for moving target detection.

Key words imaging systems; infrared polarization imaging; rotary polarizer; cold reflection; iterative sorting
method
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Fig. 1 Schematic of measuring principle of light wave polarization state
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Fig. 2 Schematic of polarizer angle change

during each rotation period
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Fig. 3 Process of solving infrared polarized images by iterative sorting method
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Fig. 5 Infrared DOP and infrared AOP images with different rotation periods. (a) (b) (c¢) Infrared polarization degree
images with rotation periods of 400, 600, 900 r/min; (d) (e) (f) corresponding infrared polarization angle
images
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Table 1 Comparison of infrared DOP and infrared AOP values in different regions with different rotation periods

Rotation Region 1 Region 2
period /(r » min ') DOP AOP DOP AOP
400 0.0267 0.4783 0.0199 0.4097
600 0.0264 0.4781 0.0202 0.4162
900 0.0265 0.4784 0.0197 0.4156
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Fig. 6 Infrared DOP and infrared AOP images with different integration times. (a) (b) (c¢) Infrared polarization degree
images with integration times of 0.5, 1.0, and 1.5 ms; (d) (e) (f) corresponding infrared polarization angle image
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Table 2 Comparison of infrared DOP and infrared AOP values in different regions with different integration time

. . Region 1 Region 2
Integration time /ms
DOP AOP DOP AOP
0.5 0.0234 —0.2535 0.0165 —0.3129
1.0 0.0251 0.4462 0.0172 0.4848
1.5 0.0264 0.4781 0.0202 0.4162
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Fig. 7 Cold reflection effect deduction processing results. (a) Infrared intensity images with

different polarization directions; (b) cold reflection spot reference images; (c) corrected infrared intensity images
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Fig. 8 polarization polarization images of airbus. (a) Intensity image; (b) DOP image; (¢) AOP image

i 0 e AW Y R R AW I E R e
28 5 THE RHL S R R O %S U

m BAf M ORI EE SR, W ILEE X C=
(1.’1‘_1715)/(17'1‘+IB) ’/H\:':P X7 j"j Eﬁlxiﬂjiﬂ’ﬂyﬁ]

1511001-7



L
JREEAE s 2y R 5 DI P 24 B8 {1, 25 R A3k 3 3175-3182.
Wiom. W23 AT LB R, CHLTE 25 255 F [ 21 M TEE, Bk, &FH, . 20 SMm bR SR B AR
JERE X FE R R RO 8 6 G B 4> N 0. 3831 A BRI 55O TR, 2014, 43(10): 3175-
3182.
0. 3405, ZLAb SR B XT LL I (A 0. 0182, Z1 A1 i 4k P R [4] Tyo]J S, Goldstein D L, Chenault D B, et al. Review
9 LU BEBLL AP JEE PR A X LY BEAT U 42, 3 of passive imaging polarimetry for remote sensing
8 R — 2, CHLAY AH T REAE S A B, A Ik applications [J]. Applied Optics, 2006, 45 (22):
P2 SN R A T 527 L ARAOFRIN 5 R 3459-51469.
%3 Z ML SRR X L R 4 [5] Litvinov P, Hasekamp O, Cairns B. Models for
Table 3 Airbus infrared image contrast results surface reflection of radiance and polarized radiance:
Type Intensity DOP AOD comparison  with  airborne  multi-angle  photo
Contrast 0. 0182 0. 3831 0. 3405 polarimetric measurements and implications for
modeling top-of-atmosphere measurements [ ] ].
5 éljj: ib Remote Sensing of Environment, 2011, 115(2): 781-
792.
Wit —FpIE T 40 i B 2T A M 4 BRI R B A (6] Yang W F, Hong J, Qiao Y L. Optical design of
I B2 S o A S P R R R S T R H spaceborne directional polarization camera [J]. Acta
A LR 7 160 20410 5 90 P 140 9 % 14 Dptics Siniea, 2015, 35(8) < 0922005 -
HO¥S B 5 AT R 0 55 . TR i 42 H — Fh s AR HE R 1Y *ﬁﬁ%@ HEHEE, FRIER] . R MR IR R AU
¢ PRI ATA AT e = r RG], B4R, 2015, 35(8): 0822005.
215 i A Ve 1 i 53 05 34 A i £ A9 20 5 5 5 PR AR [7] Zhang Z, Liu X Y, Wang J L, et al. Division-of-time
e oM P BR B A A RO, %% B e fo e b long-wave infrared high frame {requency polarization
REUEAZ TN 640X 512,45 frame/s W& i 2L imaging experiment [ J|. Chinese Journal of Liquid
MR 14 DK M B G T £ 5 9 B i e Crystals and Displeys, 2019, 31(3): 308-511.
15 R A9 FE 15 3 LB 21 410 B 40 42 15— e, R, B, S T IR
RN AR S 98 0T 5T W5 BoR 5):
B g L Y 60° B BE £ 1 UE A ﬁfﬁf&%%ﬁﬁnm. W BoR, 2019, 34(5)
Rl » 1T RS Hi th 45 frame/s (9 £05M i 9 BAR L 25 [8] Stokes G G. On the composition and resolution of
P 0°.45°,90°F1 135° 4 A~J7 In] /Y e 5% /A B, BiLig streams of polarized light from different sources[J].
BT R AR RS IR R i S R Transactions of the Cambridge Philosophical Society,
60 frame/s, Ji 20 S 0F 5T A0ART T B BRI 18] Xof 1852(9) : 233-258.
ST HMI AR A A T P A R 2, M T 245 A [9] Xing Z C. Research on miniature telephoto multiband
- B . s common aperture optical system [ D]. Beijing:
S Y £L A i PR A4 » 1K T AR BT 57 191 University of Chinese Academy of Sciences, 2018:
215 £ 3 W 90-95.
PR, RIGRIK AR L Bodt O R0 % R b5
[1] LiY, LuQ, Bai PJ. Situation and trend of uncooled [D]. dbgt: P EBERE R, 2018: 90-95.
infrared imaging systems for army equipment [10] Niu]J Y. Research on the key technologies for access
worldwide[J]. Infrared Technology, 2017, 39(7): to infrared polarization characteristics of space targets
581-593. [D]. Beijing: University of Chinese Academy of
R, bR, ARG dEHI LA UR R GO AE Bl 42 Sciences, 2015: 45-60.
R IR Ko B T]. LA R, 2017, 39 Ak 55 . S [A] H AR L S0 et B 4 P 2R HOG B B R B 5%
(7): 581-593. [D]. dbat: HERERBERY:, 2015: 45-60.
[2] Felton M, Gurton K P, Pezzaniti J L, et al. [11] Wang X, Liang ] A, Long H B, et al. Experimental

Comparison of the inversion periods for MidIR and
LWIR polarimetric and conventional thermal imagery
[J]. Proceedings of SPIE, 2010, 7672: 76720R.

[3] Wang X, Xia R Q, Jin W Q, et al. Technology
progress of infrared polarization imaging detection

[J].Infrared and Laser Engineering, 2014, 43(10):

1511001-8

study on long wave infrared polarization imaging of
typical background and objectives [J]. Infrared and
Laser Engineering, 2016, 45(7): 0704002.

TR, R, Jptes, & BENE SN B R
MR IR R SE ROt e ()] . M5 WOL TR, 2016,
45(7): 0704002.



