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A skylight polarization model of various weather conditions

ZHANG Ying, ZHANG Yi, ZHAO Hui-Jie"

(School of Instrumentation Science and Opto-electronics Engineering, Beihang University, Beijing 100191, China)

Abstract; The skylight polarization models can simulate the polarization state distribution of the sky-
light, and are key tools to study the quantitative relationship between the polarization state distribution
of the skylight and the characteristic parameters of the atmosphere. A skylight polarization model of va-
rious weather conditions was modelled, which is based on adding and doubling method for solving the
radiative transfer equation and T matrix method for calculating the scattering properties of particles.
The comparison between the simulation results of this model and the calculation results of Hovenier et.
al showed that the relative error of more than 95% points is less than 5% . The measurement experi-
ment results with the polarization imaging system based on LCVR showed that measurements are most
consistent with the simulation results in degree of polarization in 80% of the area. It can be concluded
that the model can accurately simulate the distribution of the polarization state of the sky light under va-
rious weather conditions.

Key words: skylight, polarization, radiative transfer, adding-doubling method, T matrix method
PACS: 42.68. Wt

FER 23 i 25 A U i o R SO A

KA A G BAT 2L
RBEEA B AR 3% (49 B 2806, R UZ Y SN SOPSS R TR R TEAE S p SV N

W5 HEA:2016- 12- 29 {&[B1 HHA :2017- 04- 05 Received date: 2016- 12- 29 revised date: 2017- 04- 05
E&WE: HEARFERA (61571029)

Foundation items: Supported by National Natural Science Foundation of China(61571029)

YEZ @ (Biography) .5k $1(1979-) ,Zr, ILVE A, PRI, F 2058 18] o iR UGB B R . E-mail : yingzhang@ buaa. edu. cn

* i@ ifl4E& ( Corresponding author) : E-mail ; optoelectronichuaa@ 126. com

DOI:10. 11972/j. issn. 1001 —9014.2017. 04. 013

BH g B —E I, R 2L I PR S 2 Bl R0
AL TR AL, B A Ah 2 th— H BT T



454 4h 5 2 K F W 36 %

FHASfE R, 0], Rayleigh #GTERIE A4 A A
I FRAESERA T2 0GR, (K YE Ray-
leigh U HIE A 37 (4 R AR B AN FH I B R <5
Mie B RS el X AT A AL B 422 3 T
SEFR AR, MH Mie SR BB AR SR AE TR il B2 A2 2%
THARCRAR, BAGE H TSR RTS8 72D
PRSI S T, DA SR R A A A S
E N/ EE R R T Z R Rl KRR IRS 0 1
B 0T (B 2RO Z BR T Mie O PRIS YIS VG
Bl , AN BB A I B R U R 2 e R, %
KEFURA LA T 0K 226 45 25 19 40U 1 4%
1% DBGE T 280 KA T B 80 ) 75 B 5 A
RIS Z 5 RRSEOELI &, B0 L
J Y2 N 5 BB B R I A A 2 RS0 7 2 R
JER B e ok L TR TOL A 258 R 3R e o R AN R A
[F i

TERT A PIWEIE AL L, A SCHE T —Fhd Ry A
FIf H BRI Z A RS T 2 KRB WIRE S 1
B %A R L T Evans Ko F. 28 A" 2 /9 RT3
(PolRadTran ) & 2 8 S AL T BB i BI TR F T 4%
i S ny SR AR B R A e e R, A TR
B A2 RIS ISR FE R A/ N (A R A5 Vu R Y T4
TSI 5, 154 FH T4 K 2 30 R A R 2 D 4 25
AR A SCHE R BR A I S InyA e a5 R A b, X5
PrAg L A B 22 R R 2B B R AL =2
KA B BT ¥ 1% 5 B 78 G )2 BT BR300 2
(YRR 390 T 22 , R B A Mie S5 EEIE
LT JE B SR A R RSN+ VR s R
BT R , SEBL T X A R R0 2 S B Akt
P ARG B e KA Ve 45 620
o A L TR ORI 5 B, 3k 38 PR RS ) R B 2
FRRASM T R SCm IR0 A0 0 H 19, 76 5 &
TR R AN A A L R SCF it A5 40 il A o i Y
FHANME.

1 RT3 FhHfEmRE

1.1 #E#EEIE
AR G F 55 32 01 315 745 38 % 1 Stokes 2% 1t
7
I=1[1,0UyV]" , (1)
(1) 1R RO 0 58 ST R, QU 275 D
P Bt S B I 2 | VR R 2 i 1 e
Jital, AR T 5 5 B B 1550 1 b s S
DR (1) s 1R B R

PR )T B 10% AT B0
S 31 2% B £ 60 )
s
p O ) + Iru) ()
S (2) ] FR i WA TR B9 Sokes KRt dr
TR AR b 4R A 69 K T
AR G BRI (7 ) A0

j(T,u,qb) = ﬁfﬂflM(u,d);u',d)')

}(T,u’,d)')du’dqb' +o(1,u,d)
, (3)
X (3) 1,0 FRFPIRHEUN SR (v, ") RRA
SRS I IT s o FORHRITIRAY Stokes Kt , A5 E
Al 1 P10 T8 SRJ 4 SR 5 R 228 5 BRI 1) DR B o 3
1

FO(,()
4+ — —

0
o(r,u,p) = (1 —w)B(T) ol* g 4m
0

1
exp(= D) MCuding )| | (4)

0
X (4) b, B(T) 2 W ve i BARGR S 250, Fy 3R
RAUVZTIER A A = A B AR T, (ug , by ) F7m K FH
JEER I T5 1]

B S A S R i o R R S A i R A T AR
TESRAE, 5 PSR AR TT 15 A IE 2 U B A
bRid AN LSS RIIA S AFRA Ik Z
TR B8y DX 00 4 S5 i 0 7 1 g A Ak B0 D5 3 A
IF], FESR AR E TR stk s s

RT3 BERIR FH R0 SIS A O o i ) A%
TR 0TI RIIE AR T R A BN TR
S ELRGRE 7, U IR PR B AR A I ] AR LA K,
XF T B B R B R AR IR 2 BT TS B Ak
HifEE . RT3 ABHE T 3 AN SRR
TR HUSEAY T, AR Rl LLEC UL R A
R AT A ST A AR | e, KA
HARSIRAKN 7 T4 T )2, N B2 R TR
SR BA IR B O R s FOR R A RUR
PRI g )R ARG Rayleigh HUN (Mie iU ok
T P BRAE SR A 45— 2 U BORE 7 (9 TN R 5 4R
J, A X5 Z TR AR I R 24 50 )2 19 S g i ids
SRR s R, A5 ARSI 2) R Z AR SRS R A



a1 BB R T R A MR 4ss

A S SR RIS S . TR AR AR A 1 BT,
BT B A M S EE =R, R EFE R R
THEHE B AR SR, B 2 Hh AR 221 Bk
K25 T 44 5 Stokes K.

KRR HEHOTE R B AL A K
KRR FF O R T HCR
BRI A 7t T B
SR KT A5 Py
SEWLEN|  RTEABRN KB
KERT
HUF
A\ 4 \ 4 ﬁéﬁﬁx\;
HFeRT
| Rk fe— naren | 2o e
A K
Y Y
| RT3 IR E R \

Y
| LRERMEENG

[E3 R ei 87 e
Fig.1 Modeling process

1.2 XSHEER

AR S PR I SIRBUG BT R s T4
B[ ) 2 & N3 KN D= S VAL € I K B R N R IS
REXA R R EmMIRBLE, i T 52 Pr R
IR UK R 5 24k , A i TR 00 R L2 R BB o
PN VP Y SIS S T R A e SN (BTN R
KESTREAA LT FZ, 40 3I%00 Rayleigh
SHZE A Mie HUMJZ. Hoip SFRUZ B i 5 502
AR AR S BN BT AR WU, R B
U Rayleigh fUf, JR 2970 10 km s 42300 M 1 fr)
oy KIRE R O PR Z R A Mie BT,
JEEEL S km.

{EX A TRT AL P 9 R A B SGE F F is 1
KA HAWIFERY, RV YR TG R =S A ERY
=R, TR RRIROE I BUR AR AR 206 K206 19 i
PR = A L X T2 2 4 A Y X
F L HAR ORI ok BT IR T 2 A R Y
HrPATHUN R B 2% 1L 5L Mie HUR BHIE

N T RERS TR ARG A R 2 R U P R
PRARZS A, B 7% 1 W 0 T 5 [ A vl U X
(e AL PR AR, 2 e R 2 SR A T 8, O 1 TR
A5 B4 [ I BE A8 il iR 5 S 52 2% B R, AR SR
BT IR bR R R A g A = 2 KA X
TES PR, & R E S % 1976 456 MR HER S

JEEE R BUA , K R 2 ik, A BB R AR &5 A
B2 =2 Mie HURZ , WK 2 FiR BRI
ALK 25 J2 Z .

TR A AR A5 R R R N O R
B, R S ORI A R 45100 2 IR B A AR
SO CEIEEE 2 CRTE R B K RE R B
Uy e —ANTC i GO AR 5 PR, T 6 R B0 By
SRR 2 BE (R TR SEBRERVE R, 1T LUK 452 B3
SERBOR A 1, BN B 4 S RO R TR
A2 B LS R B AT L o 1 S R R AR,
L3 AT A 28 A R A5 T O R O SO
RN FoR RN 25 B2

Rayleighfi 5t /2
=E
Miei#fht 2
Hm

2 R ERER
Fig. 2 Stratification of the at-
mosphere

1.3 HNFHEHER

KRABHIBE IR T MIERZ B RS A
[F], BRI A LAK B LE GRS A T Bodk
LS00 SOk ) B PR (6 JE i A1 ) A7
R (S AT 5 48) S A 0 S, DAL b 7 i S0 A% i
R —FBEA S — i PN 0 Bk 1 28 B A A
AR, IR PR AR R 1 1 S B RN %% S By 5 122
BT IR

TESEBR R h 5 ORG24 24 5 2 1 HIU e
P, B 7 AGZHE 2 B 58 5 7] L] — > Stokes & 5
TR AR PRARAS , D IZEH 2 58 S 0 % S o o] LA —
> Stokes JHEFRIRN , I )2 BB R BE W] LU —
ANFE R AR, FR R B AR R B (3) A (4) i
M. ZHE IR A Stokes R Z B IRC R, 5
ASHER IR IRAR S TE I A G RIS /N B
ST A AF S BN OC. 76 RT3 BEAY oy B0 4E
W MR =
M(u,b;u’,¢") = L(i, - m)P(cos®)L(i;) ,(5)
K (5) i L R Imir el mibe , HRA AR

1 0 0 0

. 0 cos2t -sin2: O
L(i) = o _ , (6)

0 sin2i cos2i O

0 0 0 1



456 4h 5 2 K F W 36 %

K (5) iy RoaOCE TR S R T
Jeff, Thn 1 F 2 5303 m AGHEZ AR 5. =X
(5) " P Rk A R AL, & —A> 4 x4 B9FERE
P, P, 0 0
P, P, 0 O
P= . (7
0 0 P, P,
0 0 -P, P,
RT3 A A AH pR £ A SR SR A 7 i e Ho oy
SR IR E 2w

N,
P (cos®) = Y al’¢,(cos®) , (8)
i=0

X (8) @ FRENEIEZ A, o Fonil it 2
FHGa B EERYE o B MR @ R £ 9L 2 T
P 5 a AR LBUETER g 1~ 6, 7351 % 173X
(7) iy 6 4K

RT3 AS Y 358 1 i AAH eRECHE B 251> 2 Biox I
AR5 SR LA 22 T R B, SRR I AR R , TR
PSR Z RS R DR, K U I 426
YRS BALSS , w] LTS [R] 2 2L A 0 JBENS L
LR G E AR O A L I AR S E AT G Nl
PER LB k13 oA pR R AT B R R R
TIIREE.

SR IBERE R0 1% 53 A BRSO 38 2 (8] OB 41
It R 242 O3 A AL I R, R R S A Y
HEIL A, B0 A B ARSI R RL T, A] LR HIA
[F) A3 201 RR R, 45 P SR T A Y
TS SRR ) SIS 43 A, A LA R RN R
INTTE -

a of r\" a u

n(r) = Na xr exp[ - y(—) ] = Arexp( - Br")

r

(9)
2(9) 1, N SB35 7 TR 1 SV 57 A
s il w AR T A0 RS 02— DA — S
B BRI A RS 0 A AR AE N Z .l K
ORI S 86, Bh2 AT TR R T Z R S B IE 7 2
TR A 20 3 S Rk T, v S 43 g
B8 o TR X 0L T S S 73 Al 2 B e 1 pi
i_\‘[“] .
SRR ST S AR IR RO S R

JEEHE - AH A ) S
n=n,—n, , (10)

A SEES 0, AR g M, ISR AN R BORL T
TR R, R RN SR IR 1 A RSO P B
FT VA IR 5 A P22 B 70 DR 1, 2 B2 ) K 25 5 i

x1 KRMEBBFHI XMBIESREL
Table 1 Constants of modified gamma distribution for wa-
ter-cloud and fog

=it A a u B
Rtz = 2.45 5 1.05 0.938
R S 0.305 3 1.30 0.193

BRI S 0.442 5 2.16 0.078 2

BYRRARE 1.06 8 2.16 0.247

ja3Ee C AP 0.003 69 4 2.34 0.007 13
% 0.004 56 4 1.77 0.056 2

PRSI EESEL. TR L bR, FESE )
FAECKATRP 7) has i AR AT &
AR IR S

SR AR A 52 e %ok 8y 177 22 1
FE R X T A EIEAR AR RN B iz
MR ITERAR T, X T BAR N T8 TR A%
WEREFJ& T /N, AT LA Rayleigh #5 BHS 1155
OB ; X R BRI K T B, 3E T
B RN [A) FE PR ISR A e 7 A i 52 i), 0 R
Ho et a5, Hoh Bk I T 46 M ] LUH T
BNE 2L SN VAR SR SN A B2 §) 2 VA
B BRIE LI, T RE R 1 AT DL (7 Ak DL B Mie
R ISR A

HRAEAS [l B TR AR TR /NIRRT 7 v, R
FH Michael Mishchenko 4i%5 [ 3 T Mie 85T HE 15 i
T 5 e R O P T AR R e A
A BREC DK BT R SRR RS R g 1
S RASZ WU ST, o T U SO AR B 0 2
BTN VREERL T B BUR R, AT DLRAE B E s P 7
FEW . B ARG KA B S e A ¥ 5 RAr
JE BB ST 53 0353 SR I, B AR ) A
B R BE R FH SR IR A ok
1.4 HEHMBNSH

KA 2 FZ 5T R 2GRS 11
B, TR SRR R A B () — Se T R S B S —
FERRRE S R 2 O Im IR A 145 R, i T A S
JIT AR ) H AR N AT R A G IR A 4 A1,
AN b S P R SRR S SRR AL, R R 1 AR
PR HALS A S0, R A5 R0 B Rk
AU b SR FE DU IA] AR -2 1 R TR L 6 A
JRFFHRNRR 53 2 7 J2 XoF i S A% i o A i 2 ) 1
Jre FF A O U i 1 1 R 23 e i £, (B35
R ] AR 5 A A I K B 6 B R PR T AR
D)2 4B R K 25 D i 28 4 A 114 177 L 45 R

K PH A IR 4 A BH 28 KA BT TRl L 2



a1 B SRR AT IR AR R 457

SFEVE G , B ) By 1o AR 1 3 b THT 1) 55
i, T RAESE KA 8 5 i, 32 30 H #E B X
VA TG TR I () 45 R 2R R M. Pl TSR ) B+ 2 SRR
JH Stokes 5 o , A A 8 (1) BRUE 25 % SR g
KB RA3 45 mi B Stokes J% 1t {7 £E 5 1), {H ] i H
JE AR A 55 S i AT 5 ).

IR B IR T A e 158 A AR ) L 24 2 v KB 1 o7
B SRR E R RS e R AR S I AR R
RT3 #5712 R 2 04T KR, 24 K BH R oA 42
T 90, 376 15 K FHHR 43 Y 2 Y IR KR 22

P RAT X KA M IR 25 1 52 ) 5 AR BLTE X
AN TRV s - TS e v A BB . R TR R R
FAETR R B 7 1) A I ol 2 TR 1 T S 50
TR B, S R 5 I ARG, Bl A K 34 R
Wb AHAEAR R RS N LSS A T E , &
3 FiR.

2.0
1.8
1.6

1.4

- L
- W%

1.0 ‘£

08 =« *

0.6
0.4

0.2

200 500 600 760 800 900 1000

B3 SRl i U o IR B R A2 ke 3
Fig.3 The change trend of AOT with wavelength

e 3 =B, N BRI R iR R 2 =
Wz SRR AT IO A R B K ARk
s BT DU MR T , I 20 A BEY
RO R /NT ] WG BL

2 REBIERSH

2.1 {FHEIIE

AT SRR HAS R B ERA P, B HL Hoveni-
er 25 N SO R B BRI 3 VE g B v R
MRS, K 0. 632 8um, KB H 1. 4 AYHH [
JERLF-, AT 59 55 1. 50-0. 008, #7315 43 A7 ik A
J7SCAME, oA, A 1 rb BT A B0 BUEL 5 1R o
=1,u=0.5,B=16,4 =5.461 3 x10° , % FH &% ¥k
TR JE T HRAS 2 S0 )2 W I R . A A5
B ASEOIRFR FE R AL R A 2T, R
JEEER A 2.0, KBHR T A 40 B, KA EE 1.9

W/ (m®) /A% 1A R 558, R T £ L7 3 £ B
JRIFELST R 16 F 32, R e AR 43K . A
K H 25 5 PR AR B ( Degree Of Polarization, DOP) Fll
{m¥E ffi ( Angle Of Polarization, AOP) i TE = 2 7.
DOP (AOP A7 SLANF

ﬁ
DOP:M

; . an

AOP = Ltanfl(g) , (12)

2 Q
A1) (12) i 1.Q. UV AKIKZ Stokes K1Y
P9~ 4. DOP AOP {5 BL45 5 LR FIAR X 1R 22 19 43
AUNE 4 E 5 TR, B 45 S AR B KT
5. 625°75 [l T H—A 7 v ffy , T ELy W) 5. 625°
BU—A> R T, B4 2 BR K 25 9 3641 1024 4~ 1)
B

AT
330 290 30

SRR
090 3,

K4 i HAER AL

Fig.4 Comparison of simulation results

M 4 ] UFE H FEAR SORETY 5 5 AR R 11
D7 ELAERAFBROC 25 19 4 o X IR 22 AR AN
AAE R BH B AR — R D VR 22, 1X 2 i TR KB
ELAE T 1] L, R BH S B i 4R 25 23 A5 32 2y R
B A, AR SO TR SR BT AR IS ) R 2 AL
PRI IZ X BB R 1407 EORS AR A3
B B 3T E T AT RO PRAIE T4 R 23 Y N R o
DRI HRG L. 1B S AR 8 22 (14 23 A 18] mT LA
HAHRISS S, WA S BGETHEds Hhn] LA 4 fi 4k
T, 95% BYAHR; R ZEAE 5% VAR 5 X 9% A1 1M
H,92% WAHRRZET 5% . T DA SCREAUAE 5
SR I T X 42 R 23 1 B 1 SR 2 D i i
SHEA B ERS .



458 i 5 2 K% i 36 %

Tt L (CE
290 30

330 50%
;ﬁ 300 60 I40%
® 90 270 N
%= 20%
ffﬁ]\ 150 o 210 150 : Im%
180 o

3% 204 5% o

19 B<1%
i 8% Yy, W1%-2%
° M2%-3%
X I3§A,_4Z/o
% 17%-8%
% 18%-9%
2 —9%-10%

i 1% —>10%

5 ARRZEE ARG

Fig.5 Distribution and proportion of the relative error

2.2 EXRZTRBIRBGRNEIGIIE

H T B UEA SO SR KA T R 2w
PRASTM G 807 FORE B, A SCR FH i T4 20 Micro-
tops TT BRI BH O B8 T+ 1 0 OG5 SRR I, 4 HAE
AR AS B AR R Ry TR S BR R S 0 i e
SRR, SR BE T8 AR L 7T 22 A8 38 4% (lig-
uid crystal variable retarders, LCVR) f{)2 1k 25 i% Bt
KA MG ZR Gxod 2 3R R 23 98 Bl N Y R 23 Dl AR 25
HEAT PRI

BT LCVR 4 findic 2215 BER L7 R R 58
R SL (LCVR | ik . B3R A1 CCD( charge-
coupled device ) FRIN A5 2H 5. JH 4 g Bl 0 20 4 P
PR LCVR RLRCH S 1 f 9% 7 4, 2R ] LCVR 2
PRI Ay 3 ) P 42 1) 3R B S 3000 1 1) i 91 285 1) 94
il T HUMIE G B . IR EORG B R TAE
P B vE i ok A s (IFEAR, 3k AR TR BT X
FIBRSEIE 180 2L 37 70 R A B v Al I D' 15 1l A%
.

SRR R A O s AR A OUE I S 56 T 2016 4 11 ] 8
HAEIE IR R R B 5 (R4 116. 34 6
£ 39.98°) HEAT , 2N R AN 1 B A FH 4 i 41 1R
FR G0 5 S PR R A 6 IR A 73 A1, H oK A O B2 3
74 476 nm PEECT UE OGRSy 0. 31, ER]
A HUAT WA E = 5. WA AR 1028
mPa, 5k H] 1966 4F Robinson & 1E A Fir FDG 2 & HE T
AR

Tra = 0.008 847 P

1 013.25 . (13)
Aol p SRS KA, A hPa K A HLA

. BT SRR R KB A5 3 B Rl 27
JEERE N 0. 18. SR E R IARCER r=0.5 A R07
#0v=0.07 WERIEBME. T 5050 2 R B HTEEOR
P, LR B M 1 55 5 K, B SR T vb 2k
RS AT 5 R i AR () S P 5 %, 424
SR PTHREE AN n =1.53 —0.008i""*" AR 45
FRINIA] 11 4523 43 23 RT3 214 i 4 A BH R T £
57.43° WARSE S O AR SCREED 3115 B I 4y
HEER BTG RGN A2k 170 | R s
TG B4 SR PR K TR AR R 86° 4 AR SCAS U £y
B G S B XL i 41 B 1R R 48 RT3 £
U i LA SR LA, TR 6 TR

K6 Rzt B S 45 5 A SCRERY 5 4% G AL 4 L
45

Fig. 6 Measurements, our model and traditional model
simulation results of skylight DOP

P 6 Ze MR S B R 2 i Uk PE T 4R, Feh T
PSR BH A 68 DX R 1 K BH B R B0 67 5 ]
JEA SO I B2 TR, A MR AL 48 RT3 A
BT A i 2 11 15, 79 P o A B 07 25 7 ]
H A (o7 AR [

MK G RT DU 1, 80% 119 IX 3805 L Y, 4% 3C
B (407 FLAE R A5 SEBR DL I LF— B, AU 1 2%
O BURSAB AN, 77 A T —E TR 2E 5 T AL GLA
DA AE K BH B 3 5 52 PR i BB F . Bl e
BRI A I 18], AR FROE20d i R SRR L
SRIBE I, KA 368 JEE AN [ 3 1 114 2 i A
SRR 35 T AR SR AR 7 S S 37 2 O BH ) X3 A £
FURS FE BT A TR GEp . i M i 22 7 A Y D I
FETF R SR B A 55, 10 Ff i 0 4 PR IR X LA 5%
e, A IEFE R BB AR IR AN T LB 1 50 R, RS
H R TR I I N AR A 2 X R 2 D D PR 250 A
RN AT R NV LR (Y N
JEE A A2 o] bR AR, T AR SC AR b 1T S5 00 5 90
2 KB I 30 ) 8080 , 3 A0l A 2 2 A B ) DX 38 1 1
—ERIPTH R X IR ZELER 6 i B R B B9 55
— MM LR B R B AT B %



a1 B ERRAR T R AU 459

TEINA T Mo 10 S0 5308 4 i Bl e, AR SORE TS
T A 5 e O T, AR D R A
JRE G SR OLT , X4 K2 Y N AR 2508
RS A AT 5 B AEAR TS RT3 LAY i A FE
SEIRF I RERR b, A SRR B S A R T RT3
RS VS

3 #ig

BT RT3 KA, dor 7 — MM
TS SR B T, REE R Z Al R U K=ol
D% A5 0 A AR L. X6 A% G faf (AR AN BE S T
IR TSN, LRSI iy A S iid Z (917]
L, S AR O R S R A A
B R =R AR 7%, 25 S S
IR, B DRAIE 1 7R A 4 K 2= Y [T PN B R0
FEFITHE U, SRIE T A SR B 7E 5T
PITE R Y BSR4 RS Y LA 95% B AR
XHRZZ/INT 5% , WA SCEARL 5 20 B R B AT
A B — B0 s 765 4 K 23 D0 i iR B AR P DN 52 56 45
R HEALSE SR T, Sk 1 A SO R A b T ) e A Al
AREBIT , RERS HER AR T R e DR =)=
W TR AT PR R 2B I IR A 01, R R
73 80%% FY X I8 A A SCAR Y 4 5 RS J3E 0 1y T2 48
B A SCRER R S7 oy H 5 7 SRS B i T
WRIZRR RN T R Z IR SR IFT T T 3%
i, 38 2 TR AT S DX R AR T AR L A
AR TIZE L, RE RS LB N S Z R /Y
RS B G mIR S, AR RE)iZ B T %
A M) iR A SR RSB AL I KSR
J7 T (L.

References

[1]Pust N J, Shaw J A. Digital all-sky polarization imaging of
partly cloudy skies. [ J]. Applied Optics, 2008, 47 (34) .
190 - 8.

[2 ]Hegediis R, Akesson S, Horvith G. Polarization patterns of
thick clouds: overcast skies have distribution of the angle of
polarization similar to that of clear skies[ J]. Journal of the
Optical Society of America A, 2007, 24(8) :2347 —56.

[3]Barta A, Horvath G, Akos Horvith, et al. Testing a polari-
metric cloud imager aboard research vessel Polarstern: com-
parison of color-based and polarimetric cloud detection algo-
rithms[ J]. Applied Optics, 2015, 54(5) ;1065 —77.

[4]Emde C, Buras R, Mayer B, et al. The impact of aerosols

on polarized sky radiance: model development, validation,
and applications [ J ]. Atmospheric Chemistry & Physics,
2009, 10(2) :383 —396.

[5]Lin Z, Stamnes S, Jin Z, et al. Improved discrete ordinate
solutions in the presence of an anisotropically reflecting low-
er boundary: Upgrades of the DISORT computational tool
[J]. Journal of Quantitative Spectroscopy & Radiative
Transfer, 2015, 157(4) :119 — 134.

[6]Spurr R J D. VLIDORT: A linearized pseudo-spherical vec-
tor discrete ordinate radiative transfer code for forward mod-
el and retrieval studies in multilayer multiple scattering
medial J]. Journal of Quantitative Spectroscopy & Radiative
Transfer, 2006, 102(2) :316 —342.

[7] LENG Shao-Hua, LIU Lin-Hua. Effects of polarization on
numerical accuracy of radiative transfer [ J]. Journal of
Thermal Science & Technology (¥&/V4E, XIMAE. fmyE*t
RSB T AR R RS . AR FE R AR), 2008, 7
(3):211 -216.

[8]Kotchenova S Y, Vermote E F, Levy R, et al. Radiative
transfer codes for atmospheric correction and aerosol retriev-
al; intercomparison study. [ J]. Applied Optics, 2008, 47
(13):2215 —26.

[9]WANG Wei, CHU Jin-Kui, CUI Yan, et al. Modeling of
atmospheric polarization pattern based on vector radiative
transfer[ J]. Chinese Journal of Lasers ( L, # 4%, £
LA TR A A G A A R D PR R . A
), 2013, 40(5) .215 —221.

[ 10]SONG Zheng-Fang, HAN Shou-Chun. Atmospheric attenu-
ation of near infrared radiation propagating through fog[ J].
Chinese Journal of Infrared Research (K1E7J7, ¥h~FH&. It
LIAMEGHE S WY, A EERRFR),
1987, 4.77 - 81.

[11 ]Hess M, Koepke P, Schult I. Optical Properties of Aero-
sols and Clouds: The Software Package OPAC. [ J]. Bulle-
tin of the American Meteorological Society, 1998, 79(5) :
831 —844.

[ 12]Mishchenko M I, Travis L. D. Capabilities and limitations
of a current FORTRAN implementation of the T-matrix
method for randomly oriented, rotationally symmetric scat-
terers[ J|. Journal of Quantitative Spectroscopy and Radia-
tive Transfer, 1998, 60(3) . 309 —324.

[ 13 ] Mishchenko M I, Dlugach J] M, Chowdhary J, et al. Po-
larized bidirectional reflectance of optically thick sparse par-
ticulate layers: An efficient numerically exact radiative-
transfer solution [ J]. Journal of Quantitative Spectroscopy
and Radiative Transfer, 2015, 156 97 —108.

[14 ] Kuik F, Haan J F D, Hovenier ] W. Benchmark results
for single scattering by spheroids[ J]. Journal of Quantita-
tive Spectroscopy & Radiative Transfer, 1992, 47(6) :477 —
489.

[15]BI Xue-Yan. Application , calculation and calibration of
microtops Il sunphotometer [ J]. Meteorological Science
And Technology (Y55 %, Microtops 11 %Y A FHYGEE 1)
il T MGE bR S&BHL) , 2007,35(4) :583 —588.

[ 16 ] SHI Guang-Yu. Atmospheric radiation [ M]. Science Press
(A E. RR\HFE. Fleihimt) , 2007.



	17hwx04 69
	17hwx04 70
	17hwx04 71
	17hwx04 72
	17hwx04 73
	17hwx04 74
	17hwx04 75

