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Experimental study on long wave infrared polarization imaging of

typical background and objectives
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Abstract: The infrared imaging technology can acquire the intensity information of targets, and
polarization imaging technology can acquire the polarization information of targets. Combination of the
two technology is more conducive to the target detection and recognition. Experiments focused on typical
targets under typical backgrounds, such as the plane in the sky, the ship on the sea, and the vehicle on
the grass. In Experiments, the four-channel long wave infrared polarization imaging (LWIPI) system
developed was employed to acquire images. Experimental results show that, compared with traditional
long-wave infrared images, LWIPI has the following advantages: (1) the long wave infrared polarization
degree image has a higher image contrast in a certain situation, which is beneficial to the target detection
and recognition; (2) the long wave infrared polarization angle image can highlight target details, which is
beneficial to the viewer’' s understanding of the content of the scene; (3) the long wave infrared
polarization degree image and angle image can suppress clutter in a certain situation, which is beneficial
to target imaging studies under the condition of a clutter.
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Fig.1 Long wave infrared polarization optical target detection

system diagram
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Fig.2 Polarizing film and physical figure of long wave infrared

polarization imaging system
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Fig.3 Infrared polarization imaging for typical UAV
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Tab.1 Typical UAV image contrast and standard

deviation
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type Local Standard Local Standard Local Standard
contrast deviation contrast deviation contrast deviation
I .
thensny 13.5 13.4 6 29.7 1.1 9
image
Polariza-
tion
7.1 11.8 7 9.4 4.6 7.8
degree
image
Polariza-
tion
2.3 9 2.1 6.6 2 6.5
angle
image

FAN T AR R 5 R R bR 2= R
WMo BT 224, WHABKN S ZEESINT
S EE RGO SR AL LA B . SRR RGO L EE R R T
1.25 4%, i i 41 B i 41 A RO Lb B AR AR K, 36
I HAR PRI IR A Z = B R m, Bh
FIF HARAHRI

TR ERE S ZE R, =2 0P
THREAS X, o R R X — DX K (R
L, X EE LT 1, B E AR5 1 S 0 K AR LT 4
6], AT H s 500 i m I B2 i B A RO
JE R iR B R A ECRS SR R T58 i E s iy 8
5%,

MIZIZR T BB AR 3 xd a5 HARSGEI F B, M
o F2raba BRI B A K P21 AMm PR B8 AR B
b AR AT SRR B T BR T S A TR
B, Jihh , ML T K2 51 %05 5)
b R LT AN FE A5 5 AT REAE TR 4% I Ab B EE U, T I
2L A P 18 A5 A% A DRI BB ) FH D 31 155 )8 38 A 50 58
BCIRIAT: 55 3K — s5 AT AT #E— 20 1 5250 BrIE , ILAh,
TNME = JZE P S BT 11T 1S
2.2 BHEBAYLE THICHEDIMEIRE & LR

Kl 48 2014 4E 5 H 14 B 76 F R4 01
T 5 WA 4 D8 21 A0 G R T8 0 A1 i 2 141
1§, KRBT, LR 3~4 9,

(a) KLLLIMEIR

(a) Long wave infrared

(b) KW LT HMm R B & 1%

(b) Long wave infrared polarization

image degree image
4 AR D 2T M iR A%

Fig.4 Ship long wave infrared polarization imaging

M2l LUK B . AR EE PR AR PP I S R =S L
Lo S AR -5 98 THT B X G JEE AR LT o R P 18CRR A R B
A3 TE, Ul WA X — 57 5 v gl A 5 8RS A R
FAS BRI, 32 A 9 0 1 R0 %) 4 J5E 22 531)
BRI . [RRE A, AR Fe BT T HE I 7 ) 3t ) 7
SRS W, A AT HAREIR S, S35,
T i 4 2 PG R Hh T K 23 K T i 41 B8 22 501 K T
Koy FREC MBI, X o o i Pk 25 0 S it 1 —
AT I B

R 2 ARANEMGR XS LL E
Tab.2 Ship image contrast

Contrast of ship and Contrast of ship and

I t
mage type sky sea surface
Intensity image 0.14 0.31
Polarization degree
0.59 0.68

image

23 BEBAAET S THKEIIMRIRE G ER

Bl 5 02 2014 4F 10 A 11 S 7EER 0G0 RER
FEB IR 4278 5 v i A T) Bl 15 1 28 1 K i
21 Ao B RO I 20 AMIm B BUR R . RRZ =,
ALK 3~4 2,

M 5(a)~(d), H ¥ 9 BRI 24K R 90 m |
70 m 50 m 30 m, T RS AAGR S e AR &, 7E 5
JEEMG T R RBERIE S — A K, 4
e JE B o S AR A BB, (R B A R A
/0N i i B A ORN i B £ R L o B R B BUR
AR TR BRAR RS 4 21 IR D B A TS, T BUR
PR RG34 A RS T LOWLEE ) H AR 48 58, IF
H B SRR B N, HAR 405 (5 B+ 5,

0704002-4



a9 Gk AR
%7 www.irla.cn % 45 %

(al) To s i R (a2) i I £ P45 (a3) i I A <115

(al) Unbiased intensity image (a2) Polarization degree image (a3) Polarization angle image

(b1) Jo o 5 EE (b2) MR ¥R B ER (b3) MR ER

(bl) Unbiased intensity image (b2) Polarization degree image (b3) Polarization angle image

(cl) Tofimsi B 1% (c2) fim i 22 P14 (c3) fim i f 114

(c1l) Unbiased intensity image (c2) Polarization degree image (c3) Polarization angle image

(d1) Jo i B 15 (d2) fi e 15113 (d3) fi s &1 15

(d1) Unbiased intensity image (d2) Polarization degree image (d3) Polarization angle image

5 A BRI £ IS 42 ph o R K AL M i Ak A AR

Fig.5 Trucks with burning bottle long wave infrared polarization image from far and near
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Fig.6 Burning bottle on the truck long wave infrared polarization image

o AR 7 vk B A T A3 B S A T A T
3 FigKREE

TR AT A, 2 R RET R, K
W2 HM i A LA RT LA 2 e, 5 0 H AR $E B 5 e g
WP T, RPLLAMm RS S AT DL & s 5 5
X HLBE, 2R W Wi R 2 AR L 5 T, K20 M i
PRIBAZAALRE R H b, 107 EL T DA B 22 i 40 55
FRL IR E TR RS R X 0 K ILL A

PR AR BB IR BE TR 8977 18], 22 B F
FAEAFRAEAT

(1) MEIZLBETHE, A 2 IE T B HARER
TMEAR 2.0 10 HT s e B R I A 1R BEAS A
RICHIAN ) 15 A%, I AT m] RE4R = BRI BRI

(2) RWIFRL, A BT W Mg KL 4 FH N
o 2.2 719 B3 B 2 WL« Al IR A5 T 485 47 1) i 9 5 8,
A LA 7 R 2 0 PRI S (H T PR O ik

(3) e il F b il e 22 8 RN, 488 1 P 1 i

0704002-6



aoh gk T2

%7 www.irla.cn % 45 %
FRR RS0 BUBRESE .l 2.3 5T 5 BT 95010 ] (22): 3453-5169.

uﬁﬂﬁﬁﬁ%%%&%&ﬁﬁ%ﬁﬁﬁﬁﬁ%%
BA B I RCR

(4) A AE AR, LU T O e A
%@6%m%%%ﬁﬁﬂ%37ﬁﬁﬁﬁﬁhﬁi
AR B

SCRAESERWT T B3Rl b, BAE TR ILL S M
PRIBAR B PSR L, B T 20 A M AR 1 AR A —
SEH AR ), T — R O R AR A B e AR A
FEMSLI AL, AREE5E 8 K LM IR LR B AR Y
TSR0/

SE k.

[1] Ben-Dor B, Balfour L S. Polarization properties of targets
and backgrounds in the infrared [C]//SPIE, 1991, 1971: 68—
77.

[2] Balfour L S, Bushlin Y, Brandman N. Polarization signatures
of man-made objects in the SW infrared spectral band[C]//
Proceedings of SPIE, 1998, 3375: 49-54.

[3] Aron Y, Gronau Y. Polarization in the LWIR—-a method to
improve target acquisition[C]//SPIE, 2005, 5783: 653—-661.

[4]  Scott Tyo J. Review of passive imaging polarimetry for

remote sensing applications [J]. Applied Optics, 2006, 45

0704002-7

[5]

[6]

[7]

[8]

Chen Weili, Wang Xia, Jin Weiqi, et al. Experiment of

target detection based on medium infrared polarization
imaging [J]. Infrared and Laser Engineering, 2011, 40(1):
7-11. (in Chinese)

Brftidy, B, SR, 55, R B2 oM 4% & 1) B b
RS T]. LA 5HOL TR, 2011, 40(1): 7-11.

Tian Jing, Chen Hang, Qi Qian. Experimental analysis of
polarization effect for wake detection [J]. Infrared and
Laser Engineering, 2013, 42(S1): 34-37. (in Chinese)
M, BT, DR . 8 Uit fi iR 4000 S 96 23 (0], 2150 5 %%
e T AR, 2013, 42(S1): 34-37.

Huang Yanhua, Wu Wenyuan, Gong Yanchun, et al.
Camouflage target detection of the best polarized reference
direction based on LMS and laB color space [J]. Infrared
and Laser Engineering, 2014, 43(2): 632—639. (in Chinese)
AR, KOG, EHAE, . T LMS lop FlE 21
22 0 O B AR R A DN [J]. Z040 5 MO AR,
2014, 43(2): 632-639.

Liu Jing, Xia Runqiu, Jin Weiqi, et al. Review of imaging
polarimetry based on stocks vector [J]. Optical Technology,
2013, 39(1): 56—62. (in Chinese)

XA, IR, S, S5 T s TR e e IR AR A
R T]. Sa2E AR, 2013, 39(1): 56-62.



