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Study of Effect of Fog on Polarization
Characteristics of Warship

YIN Cheng-liang 12, WANG Feng 12, YUAN Hong-wu 2
(1. Key Laboratory of Polarization Imaging Detection Technology in Anhui Province, Hefei 230031, China;
Laboratory of Electro & Optical Technology and System, Army Officer Academy PLA, Hefei 230031, China)

Abstract: On the basis of Mie scattering theory, the effect of fog with different concentration on the
polarization characteristics of a surface ship target is analyzed in a simulation experiment. By carrying
out numerical simulation with a 6SV model, the data about the effect of fog on target polarization
characteristics is obtained. It is found that with the increase of fog concentration, the depolarization
phenomenon is getting more obvious. The reason of this depolarization phenomenon is analyzed. The

result is of reference value to the application of polarization detection technologies in fog environment.

Key words: polarization characteristics; depolarization phenomenon; Mie scattering

WA A 25 B8 TG W, T FLIS 201
T B8 AT e R T B TR g e A PR DRSS B 9. B

P B IR A B 1E F T A SR PO S RARRRAE . S B AR AR SR O

H ARG 5 3R LA B R SR S A 2 sk 1

FWRE WS TR B, N TE

ER—FRRREE, FAMIEXRAES. K X R IR 0 m i 52 1558 LA, iR

ks H #E: 2014-03-19
HEEWH: BxELAFELTHE (41176158)
TEHEBAN: R % 1988), B, “BENA, MEFHRE, TENERERREPEEGAE T T NI L.

E-mail: armyinchliang@qq.com

http://journal.sitp.ac.cn/hw

INFRARED (MONTHLY)/VOL.35, N0.5, MaAy 2014



20 AN

Ap 2014 4£ 5 A

Z5 X B AR AR R A 1 5 MR R TE 55 55 85 T 54T
PRARI 1 420 2L PR 42 FE

A% SCHEK IR B e 19 FE Rl L, T 1%
RO e A f IR AR, JF 05 Bl At 5 7 A
17 e B (¥ 25 7K T A 0 A 9 e 1 4 B
FIH 65V 5K 1k 48 55 A% F B BB AUL 1 AS IR o BE Y
X RAm AR BE B R, I X H R B #EAT T
Mr. EBE TS5 RN T I6AE 2 Y 45 LA B d e
HERZ A R B — B9 M ¢ E.

1 F 895U R ok 5 1

%% J2 i 5 T Hh AT HL R R AR AP A AR 4 /1
K UK R R AR RS KR
HIe, WHH 1~ 60 um, EFMHAFGE,
T 1 2R ORTE . FETE T BT, Hok e —
/NF 15 pm s SEETLE /N T 50 m I, HRRh
20 ~ 30 um ; 2MAEILEKRF 100 m B, HFHE
BRZ/NF 8 um

BEGWRBEBMN, FORFRRE5T R
FE R BEIT, BUI ] A B R oKk FREU . R
ook IRE e, fE RS BRI, BTFZEIKRSK
S FRARFE BRI BN ER, el miIRES. ot
DL R AE G I MR S kA AR AL, ILET L, JEAE
FEi et ek ARG, SAHEH
LR e s AR mARIE I, BT ER T AU, B
SR R R ARG, TP AR B AR, A
FTREBER, BT LA AT Ak & A 0L 1 HCH J2 AH
HAMSLH, EAE T RREUN, BRI H
A S D Ho AR (0 A AE T Z B, R
0 225 BT T 1) 44 S 7 0 i B 7 A L PR B YR RS
5 BE ) R,

LBE MW ER N, e R EMTHG. &
— NS R ) 5 S S E B 1 2 L, 5
B TRE, B T E X5 1E = WU,
T LT R 2 KU, 2 WU e — A~ 2
f AR, T Ok ER B BRI R iE T 45 R B

INFRARED (MONTHLY)/VOL.35, NO.5, MAy 2014

2 FFAKE A E AR R AR R

2230l Bt = A E AR, A5 R
JBE 1) 25 ot A T UL H A O SRR B S R, RS
A 65V R B4R A& f i R R RE L BE T
R IR BE 1 AE AL AR DL
2.1 ARRIEBHRT

e Y i A% 15 B W R SR A e s i 2 i
(1,Q,U,V) filiik iy, Horr, I NJeny B,
QK 0° 5 90° iRk B #E; U N45° 5 135°
LRz V Oy TS 25 B n ik 2
ZFE. HT B RS ORI i SR Y 8] Ak
G, —ffe v =00,

TR 0° 2FTTMZ )G, ERMmMIRITH 6
E 5N

I1(B) = %(I—FQCOSQﬁ—f— U sin 203) (1)

A, B A RS 1 E Bl 5 25 A ARl 2 A Y
e, maX (1) wPg, REW S 3 AR R IT 1
Ly, Eraa s 28 (1,Q,0),
BET A5 Z 65 1w IR P

VT

p=Ye )

RIREE P —AE 0 ~ 1 Z [ HBUE R o 4948
4 P=0 I}, FRRECRIEMIRG; 4 P=11, £
AR MIRIE; 2 0< P <1i, RREEH
SR RE P

2 2w IR E NS E B AR B, BT H AR
PEARTE], B GHY fh 4R B2 & EARRN 284k, A
7 2 B AN [ 2 BE ) 2 A IR P, BRI 2% i 4R 2
dP=1-Pp 0],
2.2 RIEHAE

A SCH) I K 25 31 S A A I R R 8 Y 28 R
WP EA-E R R, R T EERIFE
FMAFFERFKRETHERRREER. BT &
WM A& T 00  HAnm IR b e, FRATLE
S g rp R AL B R Y B E AT O RS B
HAR, R HFEAT 7R IR, 156 % &
IR 1E 0 IREASE TR, o 0 A5 At vl TR 3t

http://journal.sitp.ac.cn/hw



H35%, HOM AN

A 21

DA PRAR R 3%

K1 ks R

B, OISR E B VSRR, HbiERetk:
ERMJEHIT, JFaBBLIlE /M B A6 B &
fF. AR FE oK, FATRETR A NS A B K
— A BE, IR B EE UL I R B AR 7 =X
mE 1R, FIUAERKEEDDIRE, EiXK
B E AR EN S ER T, JFES M
S ZE (SORE AR I B 25 09 Wk BE . i 2 B R, i
B AR A A Y 46 BB, 5 O KT . A SC i
o3 R IR BAR IR U R G R 5 R, Z ARG
FRIR S E TR AR, BB IR I RAE =1 (0° .
60° . 120°) JE 45 P Bk B4, 2F 1T SR A5 3T 46 5 Hr
S, XFEATRLEBR R m, fF8% K
B REZEK,
2.3 REREFERER

JEAEHUR A R E R i, 6 5 HUR R T
ZEMHEERE MR RALRE. TR
T FEREAT R AR B B, A SCRI A 6SV R
BTG S AR AT AL, IR R AE R 65 AR
Ay EAL B S 0, TR A BB B Tk K
fRRREEMEH TR, AR A E KRR 4
MreRirsE —— BERE. KPRk, &
Hfw TR0 R AR . 5 5207 18 7 R I B 25
L, 6SV B AR ZE /N T 1% B,

FL, B % AR R 1 % S 4% i T A O
iR R O

8.[ b 27 p+1
u(y% Tu¢——//) P(7,p1, 0,14, ¢')

http://journal.sitp.ac.cn/hw

B 2 K5 R K

xI(r, 1, ¢')dp/de’ — ;T/’*P(T/uéu ,0.)E, (3)

X, T ARFIEHIRE: w, WA BIEL
SHCBRARS p ARTAITMRL: o AT
fi; B, AR, 1 AMHEE AR P,

3 K4 %EUM)?

3.1 HEHELKMSE

&m%%ﬁ%ﬂﬁ%&%fwiﬁﬁwT
AFZWE T HARMSZ R 00, 60°, 120° =
A7 R AR IE R, O R A AL B R E] T
48 B8 VTR A DR BE T, Xk T 2 i s PO L B A B
KT ST EAE, IR BEE L K
P IR BEAEREAT 15, 18 3 B LA H ARk
T 7 37 A BE AL, i IR B B DA % 25 i 4% J3E {EL P
F R B AL L.

M 3(a) AT LR i, JE & B 2 A R
3G gk, RERKREE, XA E
{1 8 o i/ . 3K = R N O 25 N T B UK
Gt, FWIE T 2 RKBUN. BEIIRBER/NT,
RN E 1) S 5 e b 1 B YRR B8R BE 1 R . 1k
I, AL R, BUNJEIEE; A
Z5 1A VR B 1 ST G T, B A AR P Y 29 2
WZ, SRR, YA INE — 2R
BEWE, BB R TR H A 3 IR 2 8 550k
TZERER A, N2 WES 08 T T
o5 Wz, WO LA RE R R, R
0] 25 6 FBCSH S B 5

INFRARED (MONTHLY)/VOL.35, N0.5, MaAy 2014



22

=

Bp 2014 4 5 A

a0y " A EHIE o
- s g.
- s E_
E:E:‘m §‘E :% ™
= ] ) =TT
) O oKEHR
BRI (%) THIE (% T mww o
(a) HRAEAH (b) iR REfi (¢) Z AR 1L
3 AEAL H AR AT KA A9 A R IR A A S 25 0 41 {1 BE 25 0k T A/ A8 AR 1 O
» " #
f-_g' M "\\\ %w_ p _/'
S Ain-
D kRmEEREKRm) ' U ke (km)
(a) i E (i (b) Z=RHRAE(E
Bl 4 1R B RE A RE L E A AR AL R

NI 3(b) AT 3(c) AT LLE B, WRE &
Wit 257 1 o B ) 388 T T R AT . B A 3 (1 VR BE 1 S I
o (BPECH R B R L AR R B R D
FimbR R K, BEARERER, BWISH
B, BUROEIE UE R o B 2R,
3.2 H6sV HEIENIFHRBIHR

KT SR B 0 IE AR M, A ORI 6SV
R EAESHE R AR S A TOA Bt 5 Hria)
e, MR AR B KR e IR R B 0 e R ) A
B HL. 7E 6SV BRI A S8, SR HIiK
I B PR SRR, R AR o i 2 A
K. W\EA RS, KA E & SO B AR
AR BE I A& T IR WAREE. B 4 B
R R T A D B B B RN 251 Hi 32 {1 B 6B 0 8
() A A4 L.

FI 6SV REAY R A5 B (1 HdE A R IR 6 %
P AR B AN F (0006 I W% B, (H 24T S e
T TR o B 25 A AR A s, T HLE 2
B AH A A AR A s e BE 2 25 0 VR B 0 R T

INFRARED (MONTHLY)/VOL.35, NO.5, MAy 2014

i (B ECH R B AN BT ), (IR R, W
TR LE M ERE, BWARA R,
RO E I R 0 B 2806, X N BE & 2 Y
VR BE Y AN BT R I, 2% 99 T BEL 6 L, 06 TR AR B
WZ, FRTXET RS UEUN, 5 A
A% BE AR, ph T L, 250k X S Y HUM 2 &%
(s OVAIDIE 0: 3 LN PSS R B 1S VAR o -8
ARG TSR T R SRS AR 2

4 % RiE

A2 30 o 5 B B AR 1 H S FR B AR (]
VR JBE 14 2 X K T UL H AR Al IR R T B S L 2
KR, FAM 2 EEEEON R B, T H
O H AR i R BE (Y 5 R AN 2 ALY s B 2500
BRI, RIS T . A 6SV
BRI T AN [F] A DL 8 e 35 08 SR <A 45 JBE 11 3
Wi, JEgRUE 107 B A IR . A SOR OO #E
— B WFF R T KT AT B AR A9 4= 258

http://journal.sitp.ac.cn/hw



H35%, HOM AN

A 23

HARBEWNSHME, T HE R H A Wik 5
RIHERE B R MR SR,

S

(1] XU6¥E, Wrogh], @RME, . fdREm A yLE &
M. A [J]. £14b, 2008, 29(5): 5-9.

(2] XEk, e R R HUM B X BUR S T
72 7). BB SR F R, 2005, 17(3): 355-358.

(3] TR, 2k, JLa{% s R HE BT,
P [J]. FREERISE, 2012, 33(4): 1057-1062.

[4] ZZFRIE, w42, FEXTE N ER LR [J]. b E
Efi X334, 2010, 28(6): 1-3.

(5] E5, BEEAR, BEENE. T RAE FIWH A R IR
FEHP I, IHTEHLITIE 2009, 35(4): 271-272.

(6] &% —09, LA, BR/NE. SRR G I ik R
BT ()] LT85 M T, 2007, 36(6):
862-865.

[7] Vermote E, Tanre D, Deuze J L, et al. Morcette Sec-
ond Simulation of the Satellite Signal in the Solar
Spectrum, 6S: An Overview [J]. IEEE Trans Geosci
Remote Sens, 1997, 35: 675-686.

[8] Kotchnova S Y, Vermote E F, Matarrese R, et al.
Validation of a Vector Version of the 6S Radiative
Transfer Code for Atmospheric Correction of Satel-
lite Data. Part I: Path Radiance [J]. Applied Optics,
2006, 45(26): 6762-6774.

9] Brfli, 2%, e, BERKEKZ A ERIRE
SRETRR (D] KiEFEEXE S, 2013, 33(3):
600-607.

(L#% 18 W)
YT —FEARSE RN EMEERITE, JF
Bk 1 %7 R B A AT A BT

SE 3

[1] Gurton K P, Melvin F. Calibrated Mid-wave Infrared
(IR) (MidIR) and Long-wave IR (LWIR) Stokes and
Degree-of-Liner Polarization (DOLP)[R]. Army Re-
search Laboratory, 2008.

[2] Cooper A W, Lentz W J, Walker P L, et al. Infrared
Polarization Measurement of Ship Signature and
Background Contrast[C].SPIE’s International Sym-
posium on Optical Engineering and Photonics in
Aerospace Sensing. International Society for Optics
and Photonics, 1994:300-309.

[3] Forssell G, Hedborg-Karlsson E. Measurements of
Polarization Properties of Camouflaged Objeels and
of the Denial of Surface Covered with Ceno-
spheres[C] .  SPIE, 2003,5075:246-258.

[4] Michalson J L, Romano J M, and Roth L. Stokes
Vector Analysis of LWIR Polarimetric in Adverse
Weather[C].Proc SPIE, 2011, 8160: 81600N.

http://journal.sitp.ac.cn/hw

[5] Sagiv L, Rotman S R, Blumberg D G. Detection and
Identification of Effluent Gases by Long Wave In-
frared (LWIR) Hyperspectral Images[C].2008 IEEE
25th Convention of Electrical and Electronics Engi-
neers in Israel, 2008,4736560: 413-417.

WEE, B, %, LIMRIRB G LT

RH % [I). LL9MEEA,2009,31(5): 262-266.

BE%. fRIREFEM]. dbat. BRaE i E, 2003

Sadjadi F' A, Chun C S L. Remote Sensing Using

Passive Infrared Stokes Parameters|J].Optical Engi-

neering, 2004,43(10):2283-2291.

[9] Gurton K P, Dahmani R, Videen G. Measured De-
gree of Infrared Polarization for a Variety of Thermal
Emitting Surfaces[R]. Army Research Lab,2004.

[10] Miller M A, Blumer R V, Howe J D. Active
and Passive SWIR Imaging Polarimetry[C].SPIE,
2001,4481:87-99.

(11] PhIR IS, BbHEE, FREER]. — Pk TR 4% A 2 5E
BRFLERNENST JERERESEA,
2005,20(2):256-260.

[12] Samuel G, Olga M S, Nikolaos B. Exploring Po-
larmetric Infrared Using Classic Image Computing
Methods[C]. 2011 IEEE National Aerospace and
Electronics Conference, 2011,6183116: 286—290.

=

O

INFRARED (MONTHLY)/VOL.35, N0.5, MaAy 2014



