N

39% .46 %
0194 6 H

¥ o5k
Spectroscopy and Spectral Analysis

a4 Vol 39,No. 6,ppl661-1666

June. 2019

A 4 U B2 7 B ek AR 28 SN AT -3 21 40 S 3 S 1 R AR 4 MR R 3T

é\}%ild.ﬁ , 7’\}:‘&’41.2,3%

Lo EBABE R, b

100049

2. PEBERE LAY, L 200083
3. EPB A BELAMRN 5 R R E AL E . B 200083

=

Ay S B K TR Vi bR A i S R A 0 B ROL Y B I A O B o i R A R A

SCHE o TR S 0 A SR P O 0 1) s B RS S T IR AL I a2 v K PR D SR AR AR, D TS R AR
T MERSN BT LT AN P BE(270~900 nm) B BETE S S OU R IR S K. MDA @ FIRIAZ2E A IFXEFEA A A5 PE T
AT B8 00 5 SR AR Ll o 53 T 2 T TR A 155 S0 4 A IR AT o B b AS T R JRE A it JBE 5 S R A P A% L
FERAEAE 22 7 . B IETE 45T A M BTN @ F1A . 452K /IR AS B 6 15 47 565 A O R B K I 5F AR 20 i
BB IEJG . 5 Schiebener /K 47 5 SR B AR 1fE 22 O 31077, MR Z 45 2 A3 /K S50, o il e K 5 8 1)
1y 3L B G A 9 P AR A R S PR R R A SR OL N B R A R BT A UL i BA [ A B
T b R Y S AT W A A Uk BZ (DOP) B Al 4k £ CAOP) 15 f 41k 7T U0 1 o A6 Y 5 52 o ) 4k 295 2R o
P& B 1 300~ 350 nm fij B 25 A A 52 PR G AR AT, il B B0 B S Ot O i M BB O Tl AR AR s E 350~ 550
rum AR TR {7 2 SR L S 0 A T 9 S0 B T i I S 0 A 2 1R Ol 9 A A P AR AR 5 I R A — B
FERT 550 nm BT LLAME B, 28 T 95 00 T 4 35 . 158 B0 3ot I L it A B R 1 HECT R R A L BRI S
HA 20 3 B 8 O 2R B TR [6) T 9 BE IS AL /N R AR R MR . B . ARG AR I T e 2
B Z LML o3 BT IR A B9 D0 T A i 1 1 R S RS R s i iR UL T A A 24 A S /K B A R S0
FRAAT O . TEAR G TR FA 22 A0 A AL B UL i B % 0 T A O R AT R A TE 2 BERE T 5 X /N T 200 pom FY
MR 21 A0 i B AT HE A PR 2% L I SR AN AT DL E SR B BAH L 2 R A ARG B R R AR IX . EE A T X
b ot S T o 28 0 R SRR 3% SRR P R 4 5 T AT T JE A ot A ) R IR O 1 L S o B0 O i

IR 32 I A % 0 B L 5 UL N A AR R ik 2

ES - R HUR O RS AR L R [ F/ iy =k o RN ).

FESHES: 0433.1 XERFRIRAD: A

51 5

Wi 5 T 5 90 T P 98 38 L ) i LA R T i il T Y
TV K+ T S A AR | R LA T A i R A B T
A i v Y | A % IR R B L . i S R TR
B V)T SRR O R T TS U I R
Bz A AT AR 8 R AT T — R 5 e
SPREPERT ST, X Tl B8 A D63 — e S 0 AL SE e S A
G4 AT T i S R 1 F W] . AT RN A ) JEE R i
HRAT DX T KR S 0 BB AR s I H X g . 56 A1

Wi HHEA: 2018-04-15, {EiT HHA: 2018-09-22
EEWAB: BHEAKRFER LT H (40776100) ¥ i)

EEB . BiR . 1991 44, b EBL 2B E R Y BB B 1 0F 58 4R

* JE IR R A

e-mail: yindayi@ mail. sitp. ac. cn

DOI: 10. 3964/j. issn. 1000-0593(2019)06-1661-06

MR 2 W) O T MO 2 i B IR AR I Oy T A R
Tk 5 2% A 7K R itk A58 2 300 1 3 20 1 8 T S SRR AT L L o
T E AR B i IR AT 5 A e T S e E R RS AR R
5156 14 i 9% B (degree of polarization, DOP) Fl14H 37 f (angle
of polarization, AOP), 72 ¥ M 52 B T i 5 76 O 335 e 3R 1 1Y
R L AEDOG % 30 TG 2 B e A 58 Ah- ] -0k 2 Ak i B
BEAN B i 31 TR R A S O A P A e o X R) — E AR
W ASOERI AT 255 B0 Ik D 2 25 5 1 A2 A0 T R i 0
it A i IR PRI S A AT S AR A, AR L D R YOG
oA FR . AEG B BRI H AR B B0 R R R

TS il AR R AN TR ER T R O 1 O AR R

e-mail: lqljack@163. com



1662 i 2% 5 61 43 Hr

%39 &

A SO T A S A R T O B A A B B U5 i . LUK [ R
AR D9 15 SRR AS . FEAS [ L0 A BE TR AN 55 A1 2 3 21 4k
P BE(270~900 nm) P 5 6 1 i 4k 2 20 ARG LU0 45 2R Xl
AN B AT 6 AR T R IR AT T A AR T e A BT il
TE AR 55T i IR O 3T B

L Gy Mo i 00 D 38R % 9oty i i A 2 A

K6 Stokes [ 4t S AETT LAY #3014 A 50 2 T 1 72
I Ms . B ECSTJEH Stokes K& S, 5 A OLHY Stokes

1 — cos2V,
— cos2Y, 1
M=%
2 0 0
0 0

Hob Ry Jydeim gt o AR (D . il i U A S IROE S
AN B SO S, S ML FIRE S W F A, FRARE C
)W EREAS I 7 35 3L O R EOOL A 45 M S R k. XA
77 1 RIOG A i D B v . dE A A T RS B R E A A
S TREE S, H R DOP Al AOP, B — e ff i 0 5t %
TS AR AR B R PR A B AL R A 1 T
AN A K A BT R e s s me s fBRAS H L
SEVETA R S R AR AL . FUE AL I 5T AR R L RN
SREPIA 7 F RS AR WA -ES o 1F .

|
in

| a
1 a
no | / i/ﬁ
: \ mm?

E"z'\\g@wﬂ

Bl 1 jhEREE
Fig. 1 Oil film modeling
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Fig. 2 The schematic diagram of ellipsometry

B: Laser calibrator; P: Polarizer; S: Sample; Cg: Rotary motor con-

trolled compensator; A: Polarization analyzer
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Table 1  The maximum standard deviations of polarization

parameters of examples in each measured wave band
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Fig. 3 The multi angle polarization parameters of water, oil and oil film measured by ellipsometer

(a)—C(e) are the results at the incident angles of 45, 50, 55, 60 and 65 degrees, respectively
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A Study of Spectral Polarization Properties of Oil Slick with Ellipsometry
from Ultraviolet to Near-Infrared
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Abstract To find out whether the oil spill target can be better identified by polarization remote sensing and which spectrum and
observing angles are suitable for detection. it is necessary to acquire data of the oil slick spectral polarization properties. In this
paper, different oil slicks are made with different thicknesses by a kind of oil on water basis, and a series of experiments are set
up in laboratory with ellipsometry to measure the mirror reflective polarization parameters: auxiliary angle ¥ and phase differ-
ence A from UV to near infrared (270~900 nm). We have changed different viewing angles and compared the result with those
of oil and water under the same conditions. The result shows that except for Brewster angle, there exist significant distinctions
between oil slick and water at different observation angles. Besides, the spectral refractive indexand extinction coefficient of the
pure water/oil samples are obtained by ¥ and A at 45°, The water refractive index by the experiment meets the water model by
Schiebener with standard deviation 3X107° after offset correction. The oil spill is modeled with ideal thin oil film on water basis
according to those refractive index and extinction coefficient. The Fresnel theory is used to simulate and calculate the reflective
light. The simulation shows the reflective light from oil has distinct degree of polarization (DOP) or polarization angle (AOP)
vs. spectral with that from water background. Compared with the experiment results, the model shows the same results at 300
~350 nm, which has weak interference effect and the properties are close to the oil’s, whileat 350 ~550 nm, the amplitude of
the interference simulation results is weaker than the experiment result, and until wavelength greater than 550 nm, the clear in-
terference is detected. The fact indicates the more absorption or scattering phenomenon in oil slick than in oil. According to pa-
rameter identification, it is true that the extinction coefficient of oil slickhas a first smaller then bigger property with wavelength.
To sum up. we found that spectral ellipsometry can be used to measure and analyze the spectral polarization properties and re-
flection index of liquid samples through multi band and multi angle measurements. Suitable observing angles for polarization to
oil spill is related to the Brewster angle of oil/water. At incident angles except for Brewster observation angle, oil film can be
distinguished from water. Visible and infrared spectrum are suitable for the interior optical properties of the oil film, while ultra-
violet spectrum has good stability and is more suitable for observation of surface optical properties of very thin oil film. The
method involved in the experiment can be applied to the polarization spectrum measurement of other oil slicks. The experimental
data provide theoretical support and technical reference for the selection of appropriate spectral band and observation angle of wa-

ter surface oil spill polarization remote sensing.
Keywords Ellipsometry; Ultraviolet-visible-near infrared spectrum; Spectral polarization characteristic; Oil slick
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