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Division-of-time long-wave infrared high frame
frequency polarization imaging experiment
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Abstract: In order to make up for the shortcomings of the traditional division-of-time long-wave infra-
red polarization imaging system, image detection of the real-time dynamic high-temperature target po-
larization degree can be realized by using the ultra-high-speed and high-position precision rotating
wheel on the basis of division-of-time infrared polarization imaging device. Using ultra-high speed and
high positioning precision rotating wheel, the polarizing plate is rotated rapidly, the polarization state
of the target information is changed, the infrared camera synchronously collects image data, and the
intensity map is calculated for each of four different angles, and the polarization degree map is calcu-
lated and cycled. The moving target polarization degree video data is obtained, so that the device can
realize polarization detection of the moving object. Using software to control the imaging process of
the whole device, due to the limitation of the frame rate of the infrared camera used in the experi-

ment, the whole device realized the target polarization degree detection of 15 frames/s, and obtained
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the target polarization degree curve, as well as the result of the fusion of the intensity map and the po-

larization degree map. The division-of-time long-wave infrared polarization imaging based on high-

speed rotating wheel in this paper can realize the polarization degree image of dynamic high-tempera-

ture moving target of 15 frames/s based on the advantages of traditional devices. The device has po-

tential application value in the fields of future fire rescue, combustion diagnosis and fine imaging of

high temperature targets.
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Fig. 1 Imaging process diagram of long wave

infrared polarization
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Fig.2 Polarization imaging system structure
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Fig.3 Rotating wheel map
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Tab.1 Main technical parameters of high speed rotating
wheel
TG EM BEHE  RAEREE  Bhssiigia RRMEE R ¥ EE RE
B AR ik 60°/4 ms., 127 mm X102 mm X
2.5° 25 000°/s 12,5 mm 1~3 mm
ML Al 120°/5 ms 25 mm
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Fig.5 Long wave infrared polarizer
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Tab.2 Main technical parameters of long-wave infrared
polarizer
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Main technical parameters of long wave infrared

Tab.3

polarization detector
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Tab.4 Main technical parameters of long-wave infrared

lens
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Fig.6 Long wave infrared camera
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Fig.7 Experiment platform
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Fig.12 Fusion result

& % X #:

(1] EZwedf . REH, 2 T4, F PRIGLAIMu RGBT T[T ] & J 55 45 41,2014,21(6) : 35-37.

WANG X J, ZHAO B Q. LAN W H. et al. Contrast experiment of medium-wave and long-wave infrared polariza-
tion imaging system [J]. Electronics Optics & Control s 2014, 21(6); 35-37. (in Chinese)

(2] #RAF A zha, &M E 5 KL I B4R S5 IR 5 2 0 Br [T, 40 b 30 R, 2012,34(2) :103-108.

XU CJ, ZHAO ] S, PAN SC, et al. Analysis of LWIR polarization images and corresponding false polarization in-
formation [J]. Infrared Technology ., 2012, 34(2): 103-108. (in Chinese)

(3] %) F #F 8 94 &) A B 21 S 3k 2800 1 BE 20 A7 5 IR WF 72 [ ] A3 A= 7 3k, 2013, 13(5) :129-134.

LIU Y X, GU M ]. Analysis and imaging performance of LWIR polarization detection [J]. Science Technology and
Industry, 2013, 13(5): 129-134. (in Chinese)

[4] HARCHANKO J S, CHENAULT D B. Water-surface object detection and classification using imaging polarimetry
[C]1//Proceedings of SPIE 5888, Polarization Science and Remote Sensing 1l . San Diego, California » United
States : SPIE , 2005,

[5] HARCHANKO J S, PEZZANITI L., CHENAULT D, et al. Comparing a MWIR and LWIR polarimetric imager
for surface swimmer detection [C]//Proceedings of SPIE 6972, Polarization ;: Measurement , Analysis, and Re-
mote Sensing V. Orlando, Florida, United States: SPIE, 2008.

(6] E .2 F L5 R AR IR BEAR SR [T]. 40 9b 55 38k £ 42,2014,43(10) :3175-3182,

WANG X, XIA R Q. JIN W Q. et al. Technology progress of infrared polarization imaging detection [J]. Infra-
red and Laser Engineering , 2014, 43(10): 3175-3182. (in Chinese)

(7] Ry, 2 K LM AR R AR I B R 23R [T ). 42 5h 3 K, 2006,28(2) :63-67.

NIE ] S, WANG Z. Summarize of infrared polarization imaging detection technology [J]. Infrared Technology »



514

W5 B 5 34 %

2006, 28(2): 63-67. (in Chinese)

(8] E&.RaA%. 4%E. & JATE TR H AR DL A Ik SR SR B[] 40 sh b5 ok T 42.,2016.45(7) :32-38.
WANG X, LIANG J A, LONG H B, et al. Experimental study on long wave infrared polarization imaging of typi-
cal background and objectives [J]. Infrared and laser Engineering » 2016, 45(7); 32-38. (in Chinese)

[9] GURTON K P, MCINTOSH S. Long-wave infrared (LWIR) polarimetric and radiometric analysis for a variety of
thermal and electromagnetic suppressing materials [R]. Army Research Laboratory, 2014; 1-21.

[10] AZZAM R M A. Photopolarimetric measurement of the Mueller matrix by Fourier analysis of a single detected sig-

nal [J]. Optics Letters, 1978, 2(6); 148-150.

[11] GOLDSTEIN D H. Polarized Light [M]. 2nd ed. New York: Marcel Dekker, 2003.

[12] BOWERSD L, BOGER J K, WELLEMS L D, et al. Evaluation and display of polarimetric image data using
long-wave cooled Microgrid focal plane arrays [ CJ//Proceedings of SPIE 6240, Polarization: Measurement ,
Analysis, and Remote Sensing \[. Orlando (Kissimmee) , Florida, United States: SPIE, 2006.

[13] CHUN C S L, SADJADI F A. Polarimetric imaging system for automatic target detection and recognition [ ]].
British Journal of Cancer, 2000, 36(2) . 35-42.

[14]  sKab, 30 5%, 30 2 2 0 G2 MIROEIT [T ) 5 27,2018,33(2) : 109-115.

ZHANG C, GUO Y Q, SUN Y B. Liquid crystal achromatic polarized switch [J]. Chinese Journal of Liquid
Crystals and Displays, 2018, 33(2): 109-115. (in Chinese)
EEE

& B 1993—) .o, AR RN i
e A, 2016 4F T K F 3 LR 24 345
= o S VAN S YN S| BTSN E N
JrH A BF5E . E-mail: 307679799 (@ qq.

com

FE (1971 ), B LK MR AL H
+ W5 B AR R W, 2002 AT K
B GAEHR B DL 5 ) B 5 T AR A 1
A, FE N F S A EH AR R AR
b J 155 4 Bk % AR Ot v B O B R IR
R & B 5T . E-mail: wangjianli

@ciomp.ac.cn



