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The research on polarimetric detection capability of ship targets in
the sea fog
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Abstract: Sea fog, as an important factor affecting the transmittance of the atmosphere, reduces the contrast between
the ship targets and the sea-surface background in the infrared detection of ship targets on the sea. The traditional detec-
tion method based on infrared intensity cannot obtain ship targets as the contrast is less than the detection threshold with
the increase of sea fog concentration. In view of the above situations, a background radiation suppression method based
on sea surface polarimetric characteristics was developed to enhance the contrast according to the polarimetric character-
istics of the sea fog scene. First, the relationship between the atmospheric transmittance of sea fog and infrared thermal
radiation under different conditions is analyzed. Then, by analyzing the polarization characteristics of the sea surface ra-
diation, a numerical model of the scene based on polarization contrast and intensity contrast was established. Finally,
Analyzing the change regulation of threshold transmittance (z,) and contrast improvement (INC) under the circum-
stances of different detection angles, detection heights, and temperature differences between ship targets and sea sur-
face. The simulation results indicate that /NC gradually increases with the temperature difference and the detection angle
decrease, along with the difference between the intensity 7, and the polarization z,,. but the intensity 7, is always great-
er than the polarization 7z,. Therefore, the method provides a useful reference for ship detection in the sea fog environ-
ment with low atmospheric transmittance.

Key words: infrared polarization, contrast improvement, threshold transmittance, scene simulation

PACS:42. 68. Wt, 42. 68. Mj, 92.10. Xc, 78. 20. Bh

s B HB :2020- 04- 09, f& B H #A : 2020- 10- 25 Received date:2020- 04- 09, Revised date:2020- 10- 25

EEME : M5 ARR ARSI (61975222)

Foundation items: Supported by National Natural Science Foundation of China(61975222)

{EE B It (Biography) : (i Bk 3 (1994 — ) , I3 G %) , 1L T HR M AL, R BRI IR IRZLAMIZ AR . E-mail: 963330909@(qq. com
" 1B iR1EZE (Corresponding author) : E-mail: tangyujun879@163. com



1 (5B 45 3% TP AR LB (R 00 1 P9 o7
5% 1 EEARML IMRERE

X T T O Y 2L AP PR 2 E R R AT RS
Fi o FEPPE(3. 7~4. 8 pm) AT (8~12 wm) £L 4k
W Beitg 5 AMUEA W R RS, 8 SRR AE
b3 T AR A H bR T R R e Y
Xof F B2 AR T R0 I (L, e TAZ SE s AR D A 205k
PR 732 TCVE R 2 A o a2 IR AE 16 55 1 AR
PRI AT L BE B4R T, 2 H AT £L MR Y T 2
[)

AT AR, Z1 A AR PRI 5 R K R GH 214k
i 41 F T R L AR BRI S5 0 A B R AE 48 HE R 3
S ZAEE R R o T BAT U A i PR AR
1T A i et A R ORI A A 35T I 0 ) i 9
AUE TR0 P T P i I 45 2 T LA S S0 98 1 T S5
BIN o V25 H TSR XTI S5 v A
F7TGE. Li CL 4™ 2 (i o 1 8 2
HIIK 55 K H: s (Mist generator ) BF 58 1 A [m] Ve JB 1Y)
55t H bR AR R, A5 SRR BE B 55k
FO I, R R B T R H R A SR
PR HE 43 T o 3 AR 45 L Xue MG 158
Ao S S R WY D 4R BSUAR T B I R A X L
¥ . Wang Feng % N 758 i 78 = N Az A [ ¥k
49 7K 55 2R S5 R 0T 52 H b i Ak iR 15 5 R Y
XL G AR o SRR 55 A5 R I AR R B
Xof b B 34 T B RO L B, LB 55 R B Y
B, i B AR X LG R 2 T B

A SCEEMEFE T AEA R ST it 4 i 5 F 55
JEE AR BT LR AR AR o o3BT 1V TR S Y D
PRAFAE | 17 37 5w 0T LG BE 5 50 B X LU B A
B DL R 2k 8 (7, ) i 41/ 38 %) L J3E 42 T
8 CINCOAE i 4 B AG % T8 55 b AL R ) L 88
$ETHRYPEAS AR e 07 BEE R AT o . A
SCHYLERIINR <26 11 ) B 2 7 R SCARY 7 7 FIA
AFFEBUIR , 26 2 75 A48 1 965 11 1 A1 S5 1) i 9 32
AL, IF 0 A 1 TR DA AR 0 Y PSR o i A
ST EUCFIF A 5 3753 i Modtran ZR U SL4L
SMIFEEHE 1 e b TS S R E S R
RAAR IR BB OC R AR5 XA R 3 SRR
(7] R0 2 5T 14 15 (L 375 5 58 i I /5 J32 %o L B 4
THEEGHAT T A Hr o 45 R R W R & TR 25 FR
A L B3 K INC BB, I IR AR 14 =, 3
Ths o

1.1 BHREREE

T TED B AT I 1) i B AR, T AN S O A 8
Y /N 5 T AR T 5 23 R AR B S R A G . L
HK & 7 56 T Bl HLRE RS i 17 B 52 208 424 2500 ) —
Yt (2D) M LT A0 K G AR AR OSP4T 3 R
Gip-wi il

Cov = Tg(,).v 8o S oP (')’xov'yy(,) d’)’xod'yyo
- (1)
Eon = Jg(’w gogop(?’xu»’)’yu) d’)’xud')’)o

o p (7.7, ) S0 1T g 0 5912675 i T2 0K 85 2

WK A5 MR 23 280 R R 50 2 v 8 ) 2 o R Y R 5 R4
5 R, LA SCRUEAR R TR WL SR 8], &, R
RN BUTE JC P ATOK P ar iR SR el =1 -
oty AR H 5 Rl A

ncosy — cos x'
e ncosy + cosy’

(2)

!
, _CosY —ncosy

ry = ;
cos Y + ncosy

Forp n FORMEARIT IR M A (2) Al A, & 18

KT &0p0 MIGMAREE AT 2K

Dop = L = Lni (3)
L+ ’

AR AT B £1 5N R 55 0 B T A A 5 1 fi
PRI

Eov = Con
DOP,, i =7
Eov t Eon ()
4
Eon ~ Coyv
DOP.s'L'a_r(f =

2 - (80", + 80’H)

5 B HT I KA 4pom 8 om AT 12 wm B 1A% 1] ff
P B2 A AL U , WK AT SR R A 1 s,
DOP,,, ., B FR I A7 JBE 00 1 A0 i sl /1N , >4 #8300 £ B2
FE1T 90°m , fi 4k B JLF- 4 0.
1.2 ARARLTSMERIAREY

ZLAMARIN F2 GER] 55 vh DT HEA T R0, Ho A B
IR 2 7R, H 3278 21 A MG I 25 B0 5 16 18 19 5
JE, RIS B, 0 R n 400 # )

ZLAMRIN 25 H5 WS vk TR (1% S5 S5 4 SF ¥ T 1) A S
R AR O A ) 2 S A O A B S S A S DA R A%
PEAR Y AR I o TR 5 AT 3 1 R A A 214
FRGY L, MG S LTAMRST L,, h



08 L1 BN 5 K U IR 40 %

0.20 4
" —=—4 nm
.5016* *— 8 um
o * 12 pm
nﬁ \ \ v 10 pm
E 0124 ¥ @ =
I (.08 v on
*n
1= 0,041 e
& v o=
33
S S
0.00+ T T T T ha T = 1
0 15 30 45 60 75 90
Wil Ao,

P i iR

Fig. 1 Degree of polarization of sea surface
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