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Monte Carlo simulation of polarization properties of
scattered light from far ship wakes
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Abstract: In order to study the polarization properties of scattered light from far ship wakes, the
polarized Monte Carlo program for light propagation was used to simulate the 2 -dimensional spatial
distributions of degree of polarization (DOP) of ship wakes with different polarized incident lights. Radial
distributions of DOP of scattered light from far ship wakes were analyzed with different bubble radius,
scattering coefficients and thicknesses of bubbles film. The results show that spatial distributions of DOP
have the properties of azimuth selecting which decreases with the increase of bubble radius, and the
difference could be observed with different polarization states of the incident light. Besides, DOP of
forward scattering light of ship wakes decreases with the increase of the scattering coefficients and
thicknesses of bubble film.

Key words: ocean optics; scattering; Monte Carlo simulation; ship wakes; polarization

5 B H5.2012-11-08; &iT HHA.2012-12-04
EE&TB . B E #E T L WA TR 35 3 (2010IK585) ; B2 75 45 [ 48 B2 BFSE 91 H (2004A18)
EE B . ZWI(1968-), F | B 28z, 32 B N F 3T SR HLAR il e 7 FH 45 J7 1 9 A5 . Email:gingang@xatu.edu.cn



mailto:Email:qingang@xatu.edu.cn

1731 rohl ok T2

% 42 %

0 5] &

MR PEAU TS R b, o TR A 254k |
PR R AN 2 U W, 2 R ™ A —
DRt AN R AR B DX, X st e A R B R
JE U A U A DR — A Dl 2 TR DM U5 52 B R
Z RGP0, S E PRI R IR R R
TR FXT G A TN, R i R AR BN
IS O 4 O 9 o A e — > AN 2 22 00 B A i
RGOSR EZE R, HE Tz T
RO HU R R HF 50, 22 F T B g2l
X e Ui I B O 14 i DR e P HE AT BIF O R AR AR
S X R A O B IR PR AT T TS, B
LR B HICE BRVE 0F JE E “C9 4% T 1] 0SS A2 8 R
B B PEEA T T WP, RGO R O P A5 i I 2 7
AEHON G, BEANTERVDERTE R R i h
e i st S RIS 200 W . 0T T S5 R I AR T R
M REPLEC S R GE it U % 1 2 U, e — P
HAT T PRAE BT

SCrR R P i 41 D16 1 i ) S5 R R I B Y O3 A
T AR 9% A5 A SO 28 o S A N O IR R ) s
] oA, FEAIFTE 1 IR EE A9 A ) 20 A 55 A |
LU RO R R C R, o k— 2P 7 5
BRI R R I G IR PR Bt T SRR

1 RiRAEERSEEHEANRKEFE
IR

i 41 161 il ) 55 4 I8 BERAE 2 SOk 2 2
AT AU SRR IR LIS A i 4R 15 S D
AR 1B 3 1 AR R AR A B I A Y TERR
AT R GRS RS, BT E T
AT, 4 1 8 — A O S — A B P 1 (E, JF A8
XU B A R LA D T Y A A (B IRORAE RS, B
Zfrc e i AR Ak o BOL T A RIIR RE 8 L0 1,
T BIAS RO R AR AR R AT o, AT SR
TR LR L, B L P AT BN T
0 F R A 42 R Ak b B R L, Y TET xoy KR
A FE LR, x b o LR BT ARV (H) T 1),y il
LR EEAT IR (V) J7 18], 2 il SO R L 2 7
fi] FF4 1] S5 BT, h SRR SRR SR

Incident light

¥ 0
x/ h

1 AR R AL A R R

Fig.1 Bubble film model and the si mulated coordinate system

Bubble film

K 1A R A AR (X, Y, 2)T SRR G 7 B AR e
HAIHER(0,0,0)7, Ya+7F B i i th i A& 35 7 1)
P = AN 7 1) 4% 5% 2 B8 1 et 2 (uy, Uy, Up) T R BB
O AR A A MU HWT AR (0,0,1)7, fR5E
RS B et 41 D' 1) 30 FE s 30y o B R AR 0H

S=[I Q U VI (1)

T MM ERE P MBI K I BT

B E
1==In(&) 2)

Ut
. £4(0, L) Z 1] A Al AN 3559 3 47 BE HLEL ; u=u,+
Uy FTHEREG Lu P AR, Rt T R
SRS SRR S L 2 S TR Bl FLA Ak AR A
LUNNEE S
X"y 2T=[x y z]™*[u u, w]'l (3)
JEAE AR I AR A AE RIS VE D, AR5
5 TSR FP A WP T RT DA S e R ) PR AR L B
A ARk

— U
w'==w 4
. @)

SCHR ] Z4E Ry Mie B AH R KR Sl B £
MITRLAf . A TARIRES N Soe=[lo, Qo, Uo, Vol " HY A
o, HAH AL s AR DL 3 Sy vl

P(6, $)=mu(6)le+my(6)[Qcos(2¢) +Ussin(24)]  (5)
P my Fmy, S Mie B85S 846 B ST b i S oo
£ 1-1316-17],

my;;(0) my(6) 0 0
M(6)= my(6) mu(6) O 0 6)
0 0 Mz(0) May(6)
0 0 -myu(6) mx(6)

HY T I 6 1Y 397 4 5 37 Ak B SCAE I T

W, BB TG s i s i Z [ SC R T LLRAR O



%74 B RIEE B AR AR R RS AR IR A 0 A R A 1732
S'=M(6)R(¢)S (7) B F I s T Ok e B e R AR AR R . BERE AR
T JE 4 R(¢p) AT 7 g lt-ee-l, B R(B), XTI I U M &, e /R
1 1 0 0 B=arctan ( Yy ) (14)
R( &)= 0 cos(2¢) sin(2¢) 0 8 o . U i
()= 0 —sin(2) cos(24) O (8) XoF T 1) EROE T R AR
0 0 0 0 B:-arctan(ﬁt) (15)

FE QAT I IR 08 A AL R BRI A Ty 12 208 B IR A
FIT LA, W 5 T B A% 5 7 1) 2 & A2 A L Y
A4k, AR T ) 5 Rk B A O 1) 2 ] Y G 2R
AR a0,

Mu =1 B,

U,=sin(0)cos(¢) U,=sin(B)sin(2¢) U,=cos()-%- (9)

|ud|
Xt HA R B

0= — 2 sin(6) [uu,cos(¢)-usin( )] +ucos( )
1-u,

= —-2—sin(6) [uu.cos($) -usin($)]+ucos(¢)
1-u,

;= —L—sin(68)cos( ) [uu.cos($)-usin( )]+
1- u

u.cos(¢) (10)
AT DU % B R (=) AT LUK 3 46 5 i O
JiE e 20T P T, e fA oy iR kg,
—uz+ﬁzcos(0) (11)
£\/(1-cosi(0))(1-0°)
AN w< @<2m BHHUINS | YA AL 0<d<m
IF HURS
R G e ok 150
S"=R(-7)S"=R(-v)M(6)R()S (12)
WG T2 Z U, WIS #3746 5
Rt S, IRIKA N .
Si=WR(=%)M(6)R(¢n) - R(=v)M(6)R ()
R(=v)M(6,)R()S (13)
ey F6, 53 5% 5 n LS B9 J7 7 £ AR
S
TR TR, O T 5 M SR RIs Al
R HE R R 350 1 5 5 S A B2 1RO 1 Y
G R XA, R v i Ak i i e E TR
PSS T P T e TS R T ) B AT G 1
£ T8 TR 50 a2 L B PR 1 T R O 5 v s 1

cosy=

S84k 20 YIS AN T4 o 07 O B 14 e A ) s AR
[EESETEIR PSS p
Sira=R(B)Sm=R(B)WR (= m)M(6)R () -
R(=7%)M(6)R()R(=1)M(6)R(1)S (16)
TE SRS RIS OG- 18 R IR R A B9 4 4
JEANFHICHY, BT AR PRI 1 00 1 ) i 4R S 2 BT A
JGF Y SR B

t

total
flnal z flnal (17)

A3 HE 5 307 O 5 32 348 R it 4 B A9 B A& T LA

I FH 307 6 v i 2K 2 /9 DO A O0 3K 3R R B i ik 2 DOP
E LW

pop=VQHUHV (18)

2 #BEUEEHE

21 RiaFRERFENZ B HEE
FMAAKXQ)~18)KH ciEFH ﬁ%%ifiﬂﬁﬁ&j‘ﬁ
R B S RIS, T ISR B Im iRt &
%{IL%{@%E’JFﬁﬁlﬁfﬁﬂﬁﬁﬁ&rﬁﬁ:éﬁﬁ?ﬁ@ﬁﬂ
Bl 2 Firzs A e SCHR AT DA IE B3 76 A R 3 bk A
/NT 10 pm AR 2 U I T KRR KT 150 wm
A SR TLA BT FD 22 5 23 1 T 20 K T i oK, R
PSR 10~150 wm B BEAF TG BAS IS A] , [R] s
KEAE SR 20 wm 20 A7 B S AE A A3 ) 45 B I [
97| SV O 2 D s vy i == A= E S RS R (DB
T 5, S R IR AR AR 3 R 10~ 150 pm, 5
S5 2 W 002N K 3R 2 A R I U R B0
() fe/IME S 1073, e KA AT DL L 107", iy T 58 1)
H 1 A D P O' 28 4o v SR A0 BT AR R, R ok 3 BB
S HE B R BGER O 0.2~1000, XTI KN
0.530 wm 4 A S ' 28 K 1Y) 5T 2R BRI 0 &R Ko
7 429h,=0.017 m™, a,=0.025 7 m-t, 7Ei% 15 B+
AUMH B ZECh 0.1 em™, Sl ki 18 R



1733 ok A

% 42 %

20 pm, I A SRS Ol 50 em, HAB B 50k A
GG 0.530 pm, BERUEFEC 10° 4, AT
(K)PT it #3133, 28 AT 1.0, #4232 T R
PR 2mx2m, 7 BAE BN 28 £ 8 B RDIR S
A A A S0, DR e T B e a3 S BT KT 4R
ot H([1 1 0 0]7) ., % A £ M ¥ o6 V([1 -1 0
017 .45°Z ot P ([1 0 1 0]7) A e Bl % % R
([1 0 0 1173 4 FA [ e A5 19 A6

16 07
&0 L
&) 0.5
40 0.4
0 03
02 2
0 0] 104 20 3] 100

(a) H ffik e A5t (b) V IR #=E AT
(a) H-polarized incident light (b) V-polarized incident light

LA (] 0.6
.6
0.5

0.5

0.4 ? 0.4

0.3 03
0 ERrE
0] i 1040 20 &0 1o0
(c) P IR#RIG AL (d) R fmf AL
(c) P-polarized incident light (d) R-polarized incident light
Pl 2 J& 1o HCE D 4% EE ) — 4k 43 A
Fig.2 2D distribution images of DOP of the backscattering light

MIEL 2 AT LA A A O o 8 I 1) BT i
JERY 4 A B T e #60, IF EARPRES A
SR o A A W] AR 25 57 o H R IROE A S I TN
G A Hi 2 53 A7 1 38 B R K P J5 1) 583, T L T R
V DR YA S, TR i 4R S5 A P K F- D5
T 58, T L7 160 55 5 P Al AR 06 A S I HCE D' i Uk 5
Ir 45°77 a5 T HETT ) R AR AT, HUN G
B 4% B2 oA BB AR /] T g = A, i B RAT e %
XEFRAE oI5 B 4R DI A SRS P R U L A Ol B A
JEE B A o Bk A, 2 R TS Rl AR 2 A
SRR TS 4 i N I DG R R R E N B 0 R A
17 149 77 057 £ v 2 2K () il B 24920 73 A (AR 52 pR 5,
% T2 I AFHOENIAR T, X 5225 SCEM ik
— B, OB AT LA R 2 AT i 1R D't JE U HCA i 41
JE BRI

i 41 JE 114 3 Ao 2 (1] 3 A3 458 27 T 1) 55050 O 0 12
(Y 4k oA (WLIET 3)rp ol AR B 5k . (HR il

i I 15 SS9 01 ) O I B2 55 1 1) RO D' ) i i BE s 2
B AS TR T 1 BRSO 4 P Ml e P 225 T )
RIS, 30— a5 DA PO A ] i 0 285 A 55016 1) i 9 2 1)
YA R AT DA R 5 3 A2k i i e AT I 160 1%
S 18 D B e e 2 T 680 G 9 i AR JEE T T 1)
FICE I 1) 4 58 D0 O AR S, 8 A A1 ' 1) D e

BT LM IROE
1 ) _
50 '
& . ; ]
40 @ : E
2 2 .
0 &0 100 0 &0 100

(a) H et A
(a) H-polarized incident light

100 - 09
£ 0.8
. .7
0.6
" 0.5
0.4

00

(b) V i f& o ALt
(b) V-polarized incident light

20 &0 10g 0 1

(c) P IR HRIE AT
(c) P-polarized incident light

(d) R M ¥z o6 AL
(d) R-polarized incident light
Vel 3 Hif 1] T O 9 B2 A9 — 2k 53 A1
Fig.3 2D distribution images of DOP of the forward scattering light

Nt — LR R IR L AR i A A LA, [ 4 45
T HLV PR IO Ff A ] i 41k A S5 16 BT 1] 0 G fhi
YR Bl A 1) i) A2 A 2R 18T NI 4 i) DU RS A
5 RO i 4R B /N AR L T AR RO (46 HL VY,

1o

=
e

=
o

Degree of polarization/a.u
=
T

=
ta

=

T T i T T
Receiving plane width Biem
4 T g e A S5 D16 I e PSS A 91 B2 A9 4% 1) 43 A7
Fig.4 Radial distribution of the DOP of the forward scattering light
for different incident lights



%78

A M. BEALEARRBAKRS L RIRE R ZEFEEM 1734

R = AN [R5 57 £ 109 2 Al I '), 7 450 B Ak (B
HOL RS R T 20 om), A JE (5 e 9% AR G 4 T 1)
SO 8 1R B8 S KT T, A A O B Ak
(FEEG/N T 20 cm) [ i 41 D' ) i I 2 B8/ T S B
PRICA S A i IR
22 SEBRRREESSIEEEXDHXE

T RIS A AR TR /N R WAL I i iR
23 ) Ak 3 A BRI S ERLAR D 30 pm 1Y i
SR B AR R BT TS HA S RS RSO
WHIE 5 g il TP 24RO 30 pm 19 R R
o S 1) BT O 4 8 1) — 4k 3 A 15T 18] 6 4 th TP
A8 30 wm 4 U I I 1) R D IR R B
HEor A lal

0.7 1M pre
b g0
05 g
04 il
: o 20
0z
el ] 100

(a) H e A ST
(a) H-polarized incident light

20 1] 100

(b) V M =G A ST
(b) V-polarized incident light

100 0.7
Rl RS 0.6
0 ;f'-.: 0.5

0.4

0.3

0.2
I 60 104

(c) P #RIG AL (d) R fii 4 YA G
(c) P-polarized incident light  (d) R-polarized incident light
Pl 5 5 1) BT O 9% 2 119 — 4k 43 A
Fig.5 2D distribution images of DOP of the backscattering light

100 o 1K) pry
UR.S 08
&l : 1
il LR 0.6
40 1 0.4 40 .4
n b2 20 0.2
100

(a) H 46 A Gt
(a) H-polarized incident light

(b) V I #R AT
(b) V-polarized incident light

10HN (£ 1
0.8 0.9
0.8
UG
0.7
0.4
(0.6
0.2 0.5
B0 1040 20 &0 100

(c) P fdRE ALY (d) R fifiRoEA G
(c) P-polarized incident light  (d) R-polarized incident light
Pl 6 i 1) HC O 9 B2 A9 — 24k 53 A1
Fig.6 2D distribution images of DOP of the forward scattering light

Wt K 5~6 A1 2~3 AT LIE H, ANFEERE
/I B A % AT o) P50 AR ) S O 4R B 43 A
FIREAR AR 5 22 500, X% TR s, R LRt
AHFEE i B 5 A O B e A ) B A
INTFEINEAR B MR B, Xt R B R R
AR BYIG A, T R O i B 045 ) 2 o &b 2R B
(R TIN5 A B A S AR 4G K T e B DG 1Y
B 2 e R A B

PEAk, 2245 R[] 4 e 0 A0 % A S e 1Y
P 2 1) — 4 43 A IR AEREAR L (IR A A 2 B8, Y
SRR BT, DA A [ 9 A5 A S I U
it 41 500 7 I 8 v O B R KA I B K TR AR
INEF A, X — ST UL 2 FiEL 5 DL K& 3
K6 B WIS R W] A5 53 A 1) O O i 41k
T o A AR 2 TR D 3k B R R B

K7 RS ERAE  30 wm A Rl 3R A BTG
T ) B G O 4IR B B AR 1) (9 AR fb i 26 18], 3l H A
Bl 4 FE 7 B S SRR R, RRPRAS R
Je AR AR 0] 43 A 2Z 8] 1 22 SEAE DN, 53 A e R B

1o

= =
= e

=
=

Degree of polarization/a.u

=
i
T

=

=TT i FIT T
Receiving plane width biem
VL 7 AT it 41 A S0 S i ) FCS O 41 B2 1) 422 1) 041
Fig.7 Radial distribution of the DOP of the forward scattering light

for different incident lights



1735 rohl ok T2

% 42 %

LG S BRI, TR 48R Y 5 506 0 016 1) i e
S0 D4R 3 11 25 5 B AR T 2K
23 SEBRRFESSEEHSRBNXE

R T HE— 25 WSO R B R I A i R
PERYFZNR LT B R A3 280.03 cm ™ 0.06 cm ™|
0.1cm~* 1 0.2 cm~t PUZH A [R] W (i 1158 1 i 1 B
6 B B B A ) A AR AR i 2k n B 8 TR, oA
SIS HTSCTIR AR

MR DA B B R B R, B
YL T o) A %) O I B BT AR /N 5 S IO R AL
BN i B2 Bt A 1o A il S R o 92 TR &
BB w4 B A% 1) 43 A TR o MY s g R
RTINS € NI e i NSRRI X N NE 2
BOLF HAD) 7 H s g >, e
AU FITEE 8 v A8 1) P 8 R T A LR ARE A 3 1) O A
Pk, (BB B R B 3 KOG P Y H R
AN, T AT AR OBTESE N, T FLFE S e i
T, 6T 2 DT B RBOER 22 | BT L B S e U
FR BRSO AR BN, O LT ey

1o — === e
s T T s
= = i "V.,\
= 08 il
:\ )
2 /
.E -/'- ]
g 0.6 - :1.
£%, 2
= 04
Q =003 cm
E ee 01, =006 cm
E" 0z p =01 em
=02 em !

T ) i 40 B0
Recelving plane width bicm
&1 8 A [ri) F S 2% 50T 1) ST s 40 88 144 A2 o) 3 A1
Fig.8 Radial distribution of the DOP of the forward scattering light

for different scattering coefficients

24 SHABRRFESSEEEENXR

R T HE— DRI S R TR X R A A e A
FEMERRZ M, SEEUT B R85 5 20 em (50 em |
70 cm 1 100 em Y 20 AN [ A9 £ 315801 i ) 05 6 A
IR B AR 1) A s A b 2 n 18] 9 R, Hii S %k
SR MR

MBI RT DRt R 5 B2 A R
R 1A I 8 T 5 1 ) F3C ST ' O i B /) | L7 B
BOAFBE AL I AEAE2E S, SR B O B B
(/T 50 om) , A I % JEE R B A T [l 1O 0 i

JEERAEL M) 5 (AR RR B O B i 7 B (T 50 em)
3 AR B RS D' ) i A B B TR, 3 2 B
PN BEE R RS, AEZRLTZST
E2VNETLOE il

1.0

Diegree of polarization/o.u

1y %
*-f‘- ;"-IE === fr=50 cin
[ =70 em
— h=100cm

R0 -40 0 0 B
Raceiving plane width Blem
P 9 AN [) A 40 JBE JEE T 1) BRSO 4 2 1) A2 1) 43 A7
Fig.9 Radial distribution of the DOP of the forward scattering light

for different thicknesses of bubble film
3 & &

SO ) P Al B O A% i B9 5 R R I RN k0
BT A [ D 41 285 A 55 O 28 0 0 4 I i I 32 1 —
o 23 ) 3 AT R, IF AT T O IR R A9 A 1) 2 A 5 R
MR O HU R B O R RE R R BT
W], 0L U = % HEC HECR O 4 i 9 B ) — 4
O3 AT BAT 7 L O B RPIR S B9 A G562
A A5 2A W10 22 5 5 X T ) BESSOE TR 19O PR
O P 4 1 2250k T A FR O 5 B R AR i
R, B UL T 1) P O I B — 24 A ) PR AR
(1% 25 18] 75767 2 33 0 P A Dol /1 A TR AR 285 ) 4 O 3R D't
A 1) 3 A 2 T ) 22 S A /DN A B v O A Y
L P TER] i I O 5 5 i % 016 1) AT 1] RS D' A9 O 4k 2
1422 5 FE AT % 5 BE A O R RO B R, R
e T 1) S D' ) O A B8 RSCTEL A D | A 9 2 119 42 1)
A1 g S T e U e SR P, R R
AU T 1) IS ' A i U 2 B AR 9/ | i P E )
A1) 43 A7 i R

SE

[1] Zhang X, Lewis M, Bissett W P, et al. Optical influence of
ship wakes[J]. Appl Opt, 2004, 43(15): 3122-3132.

[2] Trevorrow M V, Vage S, Farmer D M. Acoustical
measurements of micro bubbles within ship wakes [J]. J

Acoust Soc Am, 1994, 95(4): 1922-1930.



%78 K RS S LT AR R B AR R A M6 A A 1736
[3] Sun Chunsheng. Investigation into the forward light scattered BRME, WL, MRE, 5. B 26 8RR

[4]

[5]

(6]

[71

(8]

(0]

[10]

[11]

by ship wakes and its detecting technology [D]. Changsha:
National University of Defense Technology, 2008: 1-30. (in
Chinese)

NG AU AL 98 T 1) D' FCEE A5 e B R AR F 50
2608 C[D]. Kb EB A=A K, 2008: 1-30.
Wei Wentao, Wang Jiang’ an, Ma Zhiguo, et al. Detection
method for distant wake with microbubbles by degree of
linear polarization of backscattering [J]. Infrared and Laser
Engineering, 2012, 41(6): 1485-1489. (in Chinese)

T, T, BiGE, 45 R RS 1 U £
TR EGEMIEL]. 2145306 T2, 2012, 41(6): 1485-1489.
Piskozub J, Stramski D, Terrill E, et al. Small-scale effects of
underwater bubble coluds on ocean reflectance: 3-D modeling
results[J]. Opt Epress, 2009, 17(14): 11747-11752.

Wan Jun, Zhang Xiaohui, Rao Jionghui, et al. Processing of
backscattering signal of warship wake flow based on
independent component analysis [J]. Infrared and Laser
Engineering, 2013, 42(1): 244-250. (in Chinese).

TR, TRERE, PO, 4. BT N7 A 43 BT I AR S
B i B a5 S AL B O[3]. 4040 S Ot TR, 2013,
42(1): 244-250.
Sun Chunsheng, Zhang Xiaohui, Zhu Donghua. Energy
distribution properties of light scattered by far ship wakes[J].
Acta Optica Sinica, 2008, 28(10): 2006-2009. (in Chinese).
INEE, TRIEHE, SRR I AR U 0 R O R
AR [3]. 24244, 2008, 28(10): 2006-2009.
Yang Yu, Zhang Jiansheng. Forward scattering Mueller matrix
characteristics of ship wakes [J]. Acta Optica Sinica, 2011,
31(11): 1101006-1-1101006-7. (in Chinese).

AR, sl A AR VA AT [ FICT B0 2 R R PR AT S 0],
S, 2011, 31(11): 1101006-1-1101006-7.

Liang Shanyong, Wang Jiang’ an. Key technology of lidar
by ship bubble wake [J]. Infrared and Laser Engineering,
2012, 41(7): 1755-1760. (in Chinese).

BT, VL. MRS R R RO Bk B S EEBOR [0].
24N ROE TR, 2012, 41(7): 1755-1760.

Wang Xiangwei, Zhou Tianhua, Chen Weibiao. Study on
laser backscattering properties by ship wakes[J]. Acta Optica
Sinica, 2010, 30(1): 14-18. (in Chinese).

FErml s, A, BRIAR. A R RO S 19 O R A
FE[I]. J62F2FR, 2010, 30(1): 14-18.

Cheng Tianhai, Gu Xingfa, Chen Liangfu, et al. Multi-
angular polarized characteristics of cirrus clouds [J]. Acta

Physica Sinica, 2008, 57(8): 5323-5332. (in Chinese)

[12]

[13] Xu Langing, Li Hui, Xie

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[J]. ¥ 3 ~£4k, 2008, 57(8): 5323-5332.

Deng Yong. Polarization method for morphological feature
recognition of epithelial tissue [D]. Wuhan: Huazhong
University of Science and Technology, 2005: 83 -97. (in
Chinese)

S, bR A SUE SRR U b 8 f 4R 5 2 R [D]. &
B R A, 2005: 83-97.
Shusen. Backscattered Mueller
matrix patterns of optically active media and its application
in noninvasive glucose monitoring [J]. Atca Physica Sinica,
2008, 57(9): 6024-6029. (in Chinese)

2T, 0, SRR FEAN TR ] O K R
R HCAE I W DG B AS I vh B 1 IR0 4R [9]. W B2 4k, 2008,
57(9): 6024-6029.

Zhu Donghua, Zhang Xiaohui. Study on polarization of light
scattered from microbubbles in water [J]. Journal of Naval
University of Engineering, 2005, 17(5): 26-30. (in Chinese).
RARAE, sRIGEIE . K RSO MR EOE ST [3].
7T RER 2244, 2005, 17(5): 26-30.

Sun Chunsheng, Zhang Xiaohui, Zhu Donghua. Multiple
scattering of laser beam propagating in ship wakes [J]. Acta
Photonica Sinica, 2009, 38(8): 2077-2081. (in Chinese).
INEA, SRIERE, SRR, SLHRTE R I i 1% i i 52 AR
SO [3]. T2, 2009, 38(8): 2077-2081.

Bartel S, Hielsher A. Monte Carlo simulations of the diffuse
backscattering Mueller matrix for highlyscattering media [J].
Appl Opt, 2000, 39(10): 1580-1588.

Jessica C Ramella-Roman, Scott A. Three Monte Carlo
programs of polarized lighttransport into Scattered media:part
I1[J]. Optics Express, 2005, 13(12): 22-30.

Lu Q, Luo Q. Phase function of monte carlo simulation of
light transport in turbid media [C]//SPIE, 2003, 5254: 122 -
130.

Stramski D, Tegowski J. Effects of intermittent entrainment
of air bubbles by breaking wind waves on ocean reflectance
and underwater light field[J]. J Geophys Res, 2001, 106(8):
31345-31360.

Piskozub J, Stramski D, Terrill E, et al. Influence of forward
and multiple light scatter on the measurement of beam
attenuation in highly scattering marine environments[J]. Appl
Opt, 2004, 43(24): 4723-4731.

Smith R C, Baker K S. Optical properties of the clearest
natural waters (200 -800 nm)[J]. Appl Opt, 1981, 20(2):

177-184.



