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Measurement for influence of aerosols on polarized sky radiance
CHU Jin-kui” , WANG Wei, CUI Yan, ZHI Wei, GAO Qi-sheng

(Key Laboratory for Precision and Non-traditional Machining Technology of the
Ministry of Education, Dalian University of Technology, Dalian 116024, China)
% Corresponding author, E-mail;chujk@dlut. edu. cn

Abstract: The influence of the optical properties of aerosols on polarized sky radiance was researched
to obtain the actual polarized sky radiance distribution model. Using the polarized sky radiance meas-
uring system set up by ourselves, a lot of experiments were done at the same place but different dates.
The degree of polarization and polarized sky radiation were acquired through these measurements in
the solar altitude angle about 60° and the scattering of 90° for three wave bands of 435—465 nm,535—
565 nm and 685—715 nm. The aerosol optical depth was calculated by theory formula according to at-
mospheric pressure and visibility. When the aerosol optical depth increases from 0. 2 to 0. 55, the de-
grees of polarization for the three different wave bands decrease separately from 43% to 22%, 41% to
21% and 38% to 19% ., but the radiation shows a trend of increase. Experimental results indicate that
as the increase of aerosol optical depth, the degree of polarization will decrease, especially more signif-
icantly reduction for the longer wavelength. Therefore, the increase of aerosol optical depth is not

conducive for the navigation according to polarized light.
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Tab. 1 AOD corresponding different visibilities under

standard atmospheric pressure

REDLE /km DGR E (1) SR (2) e JRE (3)
8

0.538 0 0.436 7 0.349 1
10 0.469 4 0.3810 0.304 6
12 0.426 8 0. 346 4 0.276 9
15 0.388 8 0.315 6 0.255 2
20 0. 360 9 0.292 9 0.234 1
25 0.355 2 0.288 3 0.230 4

WG R (1), (2) . (3) X R A AL i 2 3

450 nm,550 nm,700 nm,
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Sketch map of hardware configuration of

Fig. 1

measuring system
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Tab. 2 Weather conditions on different dates

H i AEILE /km  KAJE/hPa REHML
10.11. 23 25 1011.4 EAN
11.3.11 15 1 009. 9 ESN
11. 4. 20 12 1002. 4 EAN
11.4. 22 10 1002.5 i
11.4.25 20 995. 3 ER
11.5.11 15 994. 5 EAN
11.5.12 8 992. 6 SRR UL
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11.7.05 12 991. 8 i
11.7.14 10 997. 6 i
11.7.15 10 996. 7 it
11.8. 24 12 1 002.5 ESN
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11.8. 26 10 1 005.9 i
11. 8. 27 10 1005.2 EAS
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central wavelength is 450 nm



524 = K Y 55 20 %

60 - 14

i B
< 30 e — = 10 —
& 20 - S .

10 ! I 3 6

0 = v )

02 025 03 035 04 045 R / |

AOD ol , .
022 025 028 031 034 037

Bl 4 P 550 nm B Po. 5 AOD B LG R ' - AOD

Fig. 4 Relationship between P,..and AOD when the B
Bl 8 K h 700 nm RS =5 AOD AR fk X &

Fig. 8 Relationship between radiance and AOD when

central wavelength is 550nm

60 . . the central wavelength is 700 nm
50
< % ~ SR SRR R 7 R i 2 T A T
ol ?g T Bsbip =E21 i ANk N e S i
00 s 035 05 0as s — il IR S AR B LW R NT 2
' ' “AOD ‘ ' K25, FERGIIAE 2 B RSSO K25 19 e KA
5 KK 700 nm B P 5 AOD 7254k 3 & PR B WE I < W AR A B A an 18 9 B 10 B . G
Fig.5 Relationship between P,..and AOD when the MIRAT, P BE KM R K 22 R,
central wavelength is 700 nm P B A 38 RTINS I HLA I 0 31 B2 1
TR R R I A 1 i R R R AR A
Semy v, 3 ALK 450,550,700 nm X R .
= = y SN W, N 60 ,_,--""* s i)
) 8 Sf 1 B U OGS SR BE I AR AR OC R L 6, sol ¥ #.H.H
7 87 7% o 8 34N 3 B B B 2 S I Ok " T - 11.7.05
=11.7.14
14 .  +
. - =~ | — -
o= . = 30— 11.7.15
T o12 .
5 i <, T -~ 11.8.26
. — re
= _ . _— +#11.7.04
3 / ) 10— - 11621
g %00 500 60 700 sog 11422
& ) Anm
0303504 040505 9 BBIEAT Pu SHKIGELLER

} B . Fig. 9 Relationship between P, and AOD under
Kl 6 P 450 nm BFFRGHE S AOD B9 ZEfL X FR

Fig. 6  Relationship between radiance and AOD when

cloud-free conditions

the central wavelength is 450 nm WA A
50 F£.H.H
14 p -a- 11425
o . : 40 e ——10.11.23
* 10 o e 30 —X ——11.8.25
z / : 5 | B —=— 11.8.25
s 8 : & 20 5 115,12
2 % i A---booanl —a— 11.6.20
= . . 10 --A- 11728
g 4 a8 - ——11.5.11
2 0 - e 11311
025 03 035 04 045 0S5 400 500 600 700 800
AOD Jnm
7 KR 550 nm RS E S AOD AR L R K10 Z2nKATF Pu SEKHZELER
Fig. 7 Relationship between radiance and AOD Fig. 10  Relationship between P,.. and AOD under

when the central wavelength is 550 nm cloudy conditions



% 3 4 AR A A U TSRS IR 2 i I 8 52 i £ 0 525
SR AR
5 & % (2) TR OG22 V5 BB i S o 52 B [

AR SC I o S g I A ARAS T A R BE L BE [R] —
KBS BE AR DL 3 A~ SR i B R U RO
JEEJBE R R 2 i IR A A B R . e T R R R Y
WL ATF 50 30 AN 38, 3k LT S AR Dl 2 R E O
KT BAS TR B J5 vk AR R 25 RV BN OL T A]
PATS AT 4518

(L) B 3 W I 2 J5 B2 1 8 K i 41 J3E AN
B /1N I L BE I B0 38 O T B A R B ]
MG EBEAE 0. 25~0. 55 Z ] % #i 36 K
I f R % BE T B T 29 50 %6, BT LA R B IR
2 't = T B RASE gy 14 A AR 2 Al AN T D 4 Ol

SE

(1] COULSON K L. Polarization and Intensity of Light
in the Atmosphere [ M]. Hampton, VA: A. Deepak
Pub, 1988.

(2] Fhwe s, s, Ao st AL RSB 50 5T 3 4 o 000 o

WoEl)]). £ F & F 4 M,.2005,22(1):111-115.
SUN X B, HONG ], QIAO Y L. Investigation of
measurements of polarized properties of atmospheric
scattering radiation [ J]. Chinese Journal of Quan-
tum Electronics, 2005, 22 (1):111-115. (in Chi-
nese)

[3] SMITH G S. The polarization of skylight: An example
from nature [J]. Am. J. Phys, 2007, 75(1):25-35.

[4] CHENG X, WANG X ZH. Numerical study on the
wavelength-dependent polarization of light scattered by
aqueous droplets for RGB spectrums [J]. Opt. Int
J. Light Electron. Opt, 2010,121(11):974-979.

(5] &ahdbh. oA T 454 FALE R 2 R4k 6 b R4 11

A FLD]. K R T K 22,2008,
CAO N N. Research on polarized characteristics of
scattering skylight for the bionic navigation [D].
Dalian: Dalian University of Technology.2008. (in
Chinese)

[6] HEGEDUS R, AKESSON S, HORVATH G. Po-
larization patterns of thick clouds: overcast skies
have distribution of the angle of polarization similar
to that of clear skies [J]. J. Opt. Soc. Am. A,
2007, 24 (8). 2347-2356.

O MR R 25 B 4 BE A WA 5 () I U RO 2 R
JEE A A S R I 0 K 1 A2 A AN

() E I i 2 B IR 4 (1 39 RT3 K5
Z KA A IR B R 38 e, 9 Bk
AT i 1R JBE B0 Dol P JEE A e e R IE T AT LDl
Y DG BT IS A RO A e A
i 5 5k e ) RO T Ak AT — 4598

AR SCHE R S, AR A T — LB SRR
2 i 9 A S P B0 X R R 9 B K S i e
B FE Al . — 2 TARJE 5 ATE 2R I H
P FFRIRFE RS R 2 it 41 8 S0 ) 52 0 DT S 57 552
PR R 23 i D A S S 28 Bt o v e S DR JEE

[7] HEGEDUS R, AKESSON S, WEHNER R, et al..
Could Vikings have navigated under foggy and cloudy
conditions by skylight polarization? On the atmospheric
optical prerequisites of polarimetric Viking navigation
under foggy and cloudy skies [J]. Proc R Soc A,
2007, 463: 1081-1095.

[8] HORVATH G, BARTA A, GALJ, etal.. Ground-
based full-sky imaging polarimetry of rapidly changing
skies and its use for polarimetric cloud detection [J].
Appl. Opt, 2002, 41(3): 543-559.

[9] BARTA A, HORVATH G. Why is it advantageous to
perceive the polarization of down welling light under
clouds and canopies in the UV [J]. Theor Biol, 2004,
226(4); 429-437.

[10] CHU J K, ZHAO K CH. Construction and perform-
ance test of a novel polarization sensor for navigation
[J]. Sensors and Actuators, 2008, 148(1):75-82.

[11] &, 2%, KER,F. 5T RS MWIRGC AR
A0 A S M E PRI ] bw K F F ]

(B AAHF R 2009, 45(4) : 616-620.

YAN L, GUAN G X, CHEN J B, et al.. The
bionic orientation mechanism in the skylight polari-
zation pattern [J]. Acta Scientiarum Naturalium
Universitatis Pekinensis, 2009, 45 (4):616-620.
(in Chinese)

[12] ¥4, xAadhEFIM] Jbat. e K¥ R
#1,1997.

SHENG P X. Atmospheric Physics [M]. Beijing:
Beijing University Press, 1997. (in Chinese)
[13] #péAg, AR, LT P RARE RO H R R



526

5 20 &

[14]

[15]

— SRR AT ] & % F 4R, 2001,59(3): 368
372.

QIU J H, LIN Y R. A parameterization model of
aerosol optical depths in China [J]. Meteorological
Journal, 2001,59(3):368-372. (in Chinese)

BE G e E . F RS MBI E RSN
Bit[)]. k% % T 48,2009, 17(6): 1431-
1435.

CUI'Y, CAO N N, CHU J K, et al.. Design of
skylight polarization measurement system [ ] ].
Opt. Precision Eng. , 2009, 17 (6):1431-1435.
(in Chinese)

BRIAEK, B e A7 AR FAL R L0 R R AR IR L AT

1EE @t

BE&E 965 —), B I T REAN,
+ L B A 5, 1986 4FF LM
HL PR K 2 3R 15 2% 2 0, 1989 4F
T4 2 Bl 4R 2 R A5 B4 22 40, 1992
o R A el [ NN 25 1 e e L (VA
T NF I RENLAN 7 2 15 2R R
ML HL B AR &5 7 i A 5% . E-mail.
chuyjk@dlut. edu. cn

EOB1986—), J g A A AL
WFFEAE 2010 4F TR R4 3R AG 2 422
AL FEFENE R 23 0 O 4 P X B AR B A
W58 . E-mail: weiwangtianxiallll
@163. com

E EHA967—), L LT RIEN R
oL R BBZ . 1989 4F TR I LT R 22 3
A, 2003 TE E R R 6 R
JFHBL 25 KA 2 N
At % i FORG 288 0 St 4 R 5 7 T IR
E-mail: yanc@dlut. edu. cn

[16]

[17]

F D] K K TR, 2006.

YAO H Y. Research on skylight polariation for
the bionic micro-nano navigation system [ D].
Dalian : Dalian University of Technology, 2006. (in
Chinese)

ALLEN C W. Astrophysical Quantities [M]. U.
K. : Athlone Press, London, 1963:291-295.
RBE, BE R F RS MO L5
W5E[)]. % T4 4R,2011,32(4) :459-463.

GUAN G X, YAN L, CHEN ] B, et al.. Re-
search on sky polarized light distribution [ ]J].
Bing Gong Journal, 2011, 32(4):459-463. (in
Chinese)

X FEA983 ) AL T RN
WF5E4E 2009 48 T R I%E 52 18 Ko 3R 15
[ e X AN SR N | 1 o R
%% . E-mail: zhiweihappy@163. com

BREF1986—) . B 3L T AL

BF5EAE 2009 4 T K i B T K 2 36 15
| R E R R AR R I A5
1 R BAL B W BF 58 . E-mail: achan_123
|

@126. com

. |

¥
1
L



