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Underwater Polarimetric Imaging Target Enhancement Technology
Based on Unpolarized Illumination
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Abstract The underwater polarimetric imaging target enhancement technique based on unpolarized illumination is
proposed based on the physical model of image degradation caused by light absorption and backscattering by particles
in water. The advantage of this technology is that the unpolarized light ensures that there is always a difference in
polarization between the target reflected light and stray light. And, the characteristic parameters of angle of
polarization is used to ensures the accuracy of estimation of stray light intensity. Compared with the current
underwater polarimetric imaging techniques based on polarized illumination, the proposed method has wide
application range and high image recovery accuracy. Experimental results show that the proposed method can
effectively improve the visibility and contrast of underwater images, and the contrast is increased by at least 100% .
It is suitable for water bodies with different material targets, different imaging distances, and different impurities
and turbidity levels. It has potential application in the underwater imaging field.
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Fig. 1 Physical degradation model of underwater imaging
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Fig. 2 Experimental setup. (a) Schematic of experimental

setup for underwater imaging; (b) the target of experiment

B 7E 28.9 em X 28.9 em X 19.5 cm (R FH 24
16.3 LY B KFmA 2.27 g AAbEE (MgO) ¥ K ik
AR KR ) D R B L e B e IR R 0 D B O 1)
I35 0°.45°,90°F 13571 4 W& %, i 3 iR,
FEAZ B v R % b BE ARG, JL-F-HE L 43 B H A
UK RER =N

B ST o 0T I Bl 4 AR AT Ak 3 49 3 5 WO R
PG I 4 FroR . FTRLE Y Ab 3RS R X L
BESR T MR T i R IR ek . A LG T BT 3 B T Y
=S AL RT3 Py N T o A SR8 - 5
[7i) B 2 it P A5 vl Xf LA 39 1) %) At 41 {5 2 o A5 3
TGRS , R RUIZE LT LA L
5 Zi BIOG X MG UBT  1Y 52 0

R A T 8 2 1 MgO By oK, K 44 %

3 AN TR 4 75 1) 1) A B PR

(a) 0%5 (b) 45%; (c) 90°; (d) 135°
Fig. 3 Polarized images taken with different angle
of polarizer. (a) 0°; (b) 45°; (c¢) 90°; (d) 135°

4 bR PR
Fig. 4 Recovered image

RS, R TR B AR X AN IR KR R T R
S DY G Mk, BE S 7R AR TR R B Y W K o A
1.755 g MMgO By R #4750 50, 5 ER SCHAH 1,
IR o A R AT, AEL B A T8 A B 0] s B G 1Y)
P, A B3 AT A [ i % D 1) B 6 R Y 4 R
G A i BE AR 42200, DR M AE T T A S g h, Hk O
o — I AL BL T o) R ], 5 4b 3RS Y 45 R AT
XFH . o T S e A R R Ak HE R an 1 5
Ji7R . AT LA . 6 T A D dn 5 R TR 1R e D) 4y
B MAE AL PR G b, B T AR A5 T B AT BE 5 (A B,
Rl W s T T FH 2B R B A S B O (8 5 T bR
S DRIN SEO U

TR AL 38 S EAGROR bR B 3R T R K
H BT EUR AT PE A . 6 Cad Fil 6 (b)) 43 3l % i
Bl 5 Ca) Fil 5 (b)Y R BE B 7 B 43 At . NI a] UL, Jie
I MG R BE 577 VR A 32 8 4 R P 3078 1 K BE 4
Bl 2 g P50 400 77 {5 0 B8 T 15 5 T 25 HICOR 28R (BT 1Y
JRBE B 7 A A T v ) B R R Y K B A BB
P A, B A % He R AR B R T

0611003-4



Es i

K5 AR BIG Sk 35 R E .
() 0 J5 I AR TR s (b) 4k BRI P {8
Fig. 5 Comparison of original and processed images.

(a) Original image of 0°; (b) recovered image

0 50 100 150 200 250
Gray level

0 50 100 150 200 250
Gray level

% 6 SHETEEGER, (E 5 ; (HE 5(h)
Fig. 6 Histograms of Fig. 5. (a) Fig. 5(a); (b) Fig. 5(b)

B T 7EK #8244 MgO Hi A BUAR 7K 1A 1 742 ik
JE AL I8 T] LU A 5 3R AT 52 5, 8 AH R4 B ) 3 7K
A 11.761 g(29 12 mL) @48 95, [RIREHL, 45
JE G R 5 b B AR B X B S5 R 7 BTOR .
AL A B S GO L B B e s R A T i A B
BT IR E S, 5 SRR bRl
BT, SIS A R R I i B IS TR R M Y
H AR AN D 41 B 55 4K (o3 0% R F 4 T R0 45 HELRS 1Y)
FARLFRED .

7 EGAR T $2 T 7 Ak 43 B O 1, AR T B
TEA oA O Rl 4 1 VT A 25 1O AR 5T 4, {2 AT L
ZOUL U0 L O 5 R A R T s AR Ak AR SR AT

B 7 SRR EE XA FR S BT .
(a) O°J7 In JE AR 15 (b Ab 3 )5 14

Fig. 7 Comparison of original and processed images.

(a) Original image of 0°; (b) recovered image

FU B RBON PG5 i HEAT A L SRR A

C(I)::«/%fEDIW[I(x,y)-—T]Z/f, (16)

Ao N OGS R RR T R R 0 R T
BT y) FAR R S (s y) XN A 58 BEH . AR
(16) AT RATH5E b 3A 52 56 oy IR 00 X L0 B2, 3 T 1
BOL R R AR T E AR AR IR 1 R
CHRRXHLEE . W LU Y, b B BG4 L B A
JE IR RIS 3 T TE AR T E o R AR A

L, 2 X ER 3 R M8 1~3, M
FUERWTLIEL, — 0, 505 2 B L B
FE T 1, R an T xR L R —
B, S22 v AR G L B IR T S 1, K e I A
B 2 vh B SO 0 B /R T A L B SO Y
B P B 7, BB O &0 iR AR R S R AR S S
T 43 O A1 114 2% 30O i 41 2 25 S0 5 K BRI Ot e AR 4
i 4 25 1) 25 55 TEORS B b A B 24 HIOROG R 1., B3R
S0 S5 S U B L AR SCRR kIS T O 00 B
KRB, 55—, 5280 1 535056 3 7 ’&x
JE 43 B T Oy 1 R 2, U I AR SCBR R Ak BN LY
ARG ) DR R LA AR G i R e 5 — Bk .

F 1 AR I K e R R

Table 1 Image quality in different experiments

Experiment C (original) C (recovered) Improvement /%

Experiment 1 0.2969 0.7979 168.7

Experiment 2 0.1284 0.4451 246.7

Experiment 3 0.2479 0.7082 185.7
:k N

4 él:l ®

T — i T AR 4R D' R T A KR i R A5
F bR s E A . AR AR i 9% 0t 2E 17 35 3 BRI A
3 41 25 19 24 IO oA R0 B AR DR IR S 1 LR

0611003-5



e ES

i

SO T O A £ X 2% BIOC OG5 FEATRG 8 A5 57

AR SO T SRR B A A T ik S A

AR R GEARES 5 3 9K R FR BT (19 SR T %
D7 R WA RO AR BRUS JK R BR Y RE UL BE R X LE RE
PR TR B L X B TR T 10090 L L5 [
I, A P PSR 203 5 B AR AR B TR R 5 L T
VR T TSR A B A b A TR A AR B L LA
[ e K R EREE . 53 8k AR SCT5 15 0 ABLAS HL
L5 D A% A B B AR R AR AR KR S
B 7 1 B A T L {E

(1]

(2]

(3]

(4]

(6]

(7]

(8]

[9]

[10]

2 X X W

Ortiz A, Simo M, Oliver G. A vision system for an
underwater cable tracker[]J]. Machine Vision and
Applications, 2002, 13(3): 129-140.

Coleman D F, Newman ] B, Ballard R D. Design and
implementation of advanced underwater imaging system
for deep sea marine archaeological surveys[C] / IEEE
Conference and Exhibition of OCEANS, 2000, 1(1):
661-665.

Bailey G N, Flemming N C. Archaeology of the
shelf:
landscapes and underwater archacology[J]]. Quaternary

Science Reviews, 2008, 27(23/24): 2153-2165.

continental Marine resources, submerged

Jaffe J S. Computer modeling and the design of optimal
underwater imaging system[J]. IEEE Journal of Oceanic
Engineering, 1990, 15(2): 101-111.

Swartz B A, Cummings ] D. Laser range-gated underwater
imaging including polarization discrimination[J].
Proceeding of SPIE, 1991, 37(15): 42-56.

Tan C, Seet G, Sluzek A, et al. Scattering noise
estimation of range-gated imaging system in turbid
condition[J]. Optics Express, 2010, 18(20): 21147-
21154.

Mullen L, Laux A, Cochenour B. Propagation of
modulated light in water: implications for imaging
and communications systems[]J]. Applied Optics,
2009, 48(14): 2607-2612.

Liang J, Ju H J, Zhang W F, et al. Review of optical
polarimetric dehazing technique[J]. Acta Optica Sinica,
2017, 37(4): 0400001.

efg, EIGIR, OCK, F WAIREEAR L FHAR
ZER (], e, 2017, 37(4): 0400001.

Ren L 'Y, Ju H J,

dehazing method for dense haze removal based on

Liang J, et al. Polarimetric
distribution analysis of angle of polarization[J].
Optics Express, 2015, 23(20): 26146-26157.

Han J F, Xia M, Sun L Y,

underwater with  different

et al. Influence of

targets polarization

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

[19]

[20]

[21]

[22]

0611003-6

properties on the resolution of imaging system[]].
Acta Optica Sinica, 2016, 36(3): 0311001.

HEETC, F, IMIA, L KT BRSO [E) R PR R
MIRB R G BRI [T]. Jb% =M, 2016,
36(3): 0311001.

Rowe M P, Pugh EN, Tyo J S, et al. Polarization-
difference imaging: a biologically inspired technique
for observation through scattering medialJ]. Optics
Letters, 1995, 20(6): 608-610.

Tyo ] S, Rowe M P, Pugh E N, et al.
detection in optically scattering media by polarization-
difference imaging[J]. Applied Optics, 1996, 35(11):
1855-1870.

Huang B J, Liu T G, Hu H F, et a/. Underwater
image recovery considering polarization effects of
objects[J]. Optics Express, 2016, 24(9): 9826-9838.
Nothdurft R, Yao G. Applying the polarization memory

Target

effect in polarization-gated subsurface imaging[J].
Optics Express, 2006, 14(11): 4656-4661.

Kim A D, Moscoso M. Backscattering of circularly
polarized pulses[J]. Optics Letters, 2002, 27 (18):
1589-1591.

Wang B, Wan L, Li Y, et al.

image segmentation method based on adaptive pulse

Underwater laser
coupled neural networks[J]. Acta Optica Sinica,
2015, 35(4): 0410004.

F, A, AEME, SR LT O Dk R A 2
KT WOLEErF I 8 (0], JesFsE ik, 2015,
35(4): 0410004.

Treibitz T, Schechner Y Y. Instant 3D escatter[C] //
IEEE Conference on Computer Vision and Pattern
Recognition, 2006, 2: 1861-1868.

Treibitz T, Schechner Y Y. Active polarization
descattering[J]. IEEE Transactions of Pattern Analysis
and Machine Intelligence, 2009, 31(3): 385-399.
Schechner Y Y, Karpel N. Recovery of underwater
visibility and structure by polarization analysis[J].
IEEE Journal of Oceanic Engineering, 2005, 30(3):
570-587.

Goldstein D H. Polarized light[M]. Boca Raton:
Taylor and Francis, 2010.

Schechner Y Y, Narasimhan S G, Nayar S K.
Polarization-based vision through haze[J]. Applied
Optics, 2003, 42(3): 511-525.

Peng Y, Feng B, Shi Z L, et al. Non-uniformity
correction in polarization imaging obtained with
integrated microgrid polarimeters[J]. Infrared and
Laser Engineering, 2017, 46(4): 0404004.

ZH, IR, BEEA, L R AR R SR AR
SIMERGERTET]. AN S EOL TR, 2017, 46(4):
0404004 .



