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Analysis of polarization characteristics of reflected lights on

smooth object surface and separation of reflected lights

ZHANG Yan, ZHANG Jinghua, SHI Zhiguang, ZHANG Yu, LING Feng, LIU Di, SUO Yuchang, SHI Xiaoran

(National Key Laboratory of Science and Technology on Automatic Target Recognition, College of Electronic Science and

Technology, National University of Defense Technology, Changsha 410073, China)

Abstract; Reflected lights on object surfaces are composed of specular and diffuse reflection lights. To separate the specular and diffuse

reflection lights on a smooth object surface, a polarization state characterization model based on the collaborative effect of specular and diffuse

reflections was proposed and was used to analyze the polarization characteristics in a mixed reflection region. Based on their polarization

characteristics and their distribution relations perpendicular and parallel to the smooth object surface, the specular and diffuse reflection lights were

separated by polarization orthogonal decomposition. According to the correlation features between the specular and diffuse reflection components,

the normalized correlation minimum between the specular and diffuse reflection lights and its corresponding to the degrees of specular and diffuse

reflection polarization were calculated by the gradient descent algorithm, thus enabling the successful separation of the reflected lights. By testing

reflected light images obtained from different scenes, the results indicate that the proposed algorithm could effectively separate reflection lights.

Keywords: specular reflection; diffuse reflection; reflected light separation; polarization characteristics
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Fig.1 Flow chart of the proposed algorithm
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Fig.2 Transmission diagram of polarization states of light wave on object surface
121 Bl RAE AR E 2 o R T B R L B3 o)

W VA SR T SR O B O 8 TR A3 A R O
AT LA file Ry i BT J5 1] FHPA T SR T 1) 0
Rl
Ig=I +1) =R, ()Ps+R (9)Ps (1)
Horpr 1 A 1 Ay 0 R BT R B 1 A
AT IRy L R A BT R R LR
AT O 1) SO Py S COGTRBR T, 0 R8I
S
B8 I S ek R b A B AR IR BE A
Iy -1 R, (0) -R,(6) (2)
Is +1) R, () +R,(0)
[FIAE 0T 18 S SR 40 , T #EF 740 R 1IR3
iy ¥
Ly, =1y, +1y,=¢ ()P, +&, ()P, (3)
Forp 1 R0 43 36 18 R S e PR D62 5 1)
PAT IR i e JETEE T MR e
SEATIT I R Py AT OGIRREE
MR R E K E R R E ™, gt
BRI R Z N 1

v, =

{«a(e):l—Ri(H) (4)
£,(0)=1-R, (6)

18 RS ARG IR

b | | RO =R (O |
SERP A A 2-R, (6) -R,(0)

XF T8 RS H ARG, th T AT D s AR
AR
L 1
1 Dunpolar — 1 [anolar = ?[ Dunpolar (6)
Horp Lo A8 SR A SR GTE H7 [0 D68 03
ANk 3-8 L RER S W A bv g 88
AT GBI TE S 53 ifk L BE A N7 45 T S S M
R i I J3E 078 5 S s I ' i i 2 Bt UL £ #9228
AR Ok TR ' 3 8 TR S5 A ) A ( B ) 110
SR BE AT 05 5, W18 3 froR, o 18 3 ()
SR 3 BT 1) FISEAT T ) RS A0 AR I3 (b)

O 85 THT S S3Oi AI E A0 18 S S O I R 47 LA R
i 4% K 19 1 92 3 8 O 9% D7 1), 1 fEL R T LA
ST B T 1, MR RN VAT A T 5 e DA
3R LI Y BT B O PR O 5 3 O A
T B 7 1) b, FA 5 1 D Ik 2800, 7 A
SR AR OO i PR R SR B 1 T8 RS A R D't
VASFAT J7 1) o 3, D I J3E B 0L 000 #6446 o i
.

1.0
— AR R
- O RRATER f
0.8 |
0.6
%
=
= o4l
0.2 }
0
MM/ )
(a) YT HLER
(a) Simulation result of reflectivity
10—
— TS R
= PITHERAER
0.8}
ﬁ 0.6
=
=S
0.4k
0.2+
0 " N
0 20 40

B/ )
(b) FIR AL

(b) Simulation result of emissivity



S 138 ENE N o %43 %
10 — SE— AN G A T S8 T SEOR 1 R AR R 7 A A
05} o BEIARER A REAT 280 A 2 5 6 £ 9 O 9 B
o PRRA

R S BRI 2210 3

B I=I +1, (9)

e PRI I S 4 38 I S 4 HE AT OE 52 4
A i
—02}t T I=R (0)Ps+e ()P, +R | (0)Ps +e (0)Py +lppain

S (10)
o 2 i0 & 8 Ao 1 R R B 0B £ T T
/)

() P e 0 B45 2R
(¢) Simulation result of polarization
3 DA I S S i i 38 R S S i 41 07
Fig.3 Simulation of polarization generated by specular

reflection and diffuse reflection respectively
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Fig.7 Visible light images and polarization images obtained in different scenes
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Fig.8 Reflected light separation results with the proposed method
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Fig.9 Reflected light separation results with method in reference[ 10 ]
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Fig. 10  Reflected light separation results with method in reference[ 14 ]
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Tab.1 Quantitative comparison of correlation of images

separated by different reflection separation methods

ARR AXEE SCHE[10] SCiHk[ 14]
AR 0.426 2 0.447 3 0.760 5
AT 0.398 8 0.488 3 0.728 4
1% 0.401 0 0.451 3 0.814 5
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