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Suppression Technology for Saturated Water Surface Glint Based on
Polarization Characteristics
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National Key Laboratory of Science and Technology on Automatic Target Recognition, College of Electronic

Science and Technology, National University of Defense Technology, Changsha 410073, Hunan, China

Abstract To solve water surface glint interference problem in the reconnaissance, detection, and recognition of water
surface and underwater targets, this paper uses polarization characteristics to suppress water surface glint and enhance
targets. For this purpose, the propagation laws of the polarization characteristics of light waves during the reflection and
refraction of such waves at the water surface are analyzed. According to the relationship between the intensity distributions
of light waves in perpendicular and parallel directions, this paper proposes a suppression method for water surface glint
based on the reflection and refraction polarization effects. This method achieves the separation and suppression of water
surface glint by using the degree of reflection polarization, the degree of refraction polarization, the perpendicular light
intensity image, and the parallel light intensity image. A saturated light intensity restoration method based on complete
polarization decomposition is proposed to address the problem of saturation distortion of the perpendicular light intensity
image in the suppression of saturated glint. The perpendicular light intensity image can be calculated and restored with the
parallel light intensity image and the light intensity image obtained in any unsaturated polarizing direction. Then, the
restored perpendicular light intensity image can be used to suppress the saturated water surface glint. The experimental
results show that the suppression of the water surface glint effectively increases both the contrast and the signal-to-noise
ratio between the target and the background in the glint area and thereby enhances the prominence of the target.

Key words ocean optics; polarization characteristics; complete polarization decomposition; suppression of water surface

glint; saturated image restoration; target enhancement
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2401009-5



W15 Sy 78 25 P B80S 36 v R FH Al A1 42 000 245 2R HC Y
oL R Y DU 3 S G5 ER , AT LU Y T 1T )G
G A, B A R O° B4 G5 MR H K T s 3B B i
W DX A T AR AR S SR B A MR 5 T B AR p &L
FRFNANSY 5 8 o 7F 45°.90° 1358 Ml /A T 3R B AY ot o
PG H U K T A R G X3, (H M X 1% K 0
PR BB T AR R B AT, B AR R B IF R A e 2l ik,
AT DAHE S RO X Bk rh B AR 5y 58 B AE B GZ DG
X N H bR 2 KA A — D YRR ) .

it 4 5% T 2% L AR B 3 L 1 o s R (07

PELS 4 42 D00 45 4 BB 0 3 368 35 1 T v 9 15145
Fig. 5 Four channel focal plane polarization image captured by

polarization detector

% 42% F 24 H1/2022 £ 12 B/RFFR

150) W BT AR 0 0 4% BB BRAR 5 DR G 114 40 B A
il o R T AR T AR T % B AR T AR SR
BT 58 4 AR 2 i AR A OGS K 2 B A AT
Ti1) 56 3 PEIA% (90° A ) il — A R 48 1B Al 7 1) 4 Ol 38
B (135° MG ) T 545 308 i 28 107 1) oo 1% . &l
6 (a) A fim 41 446 00 5 B 2 4K B %) 2 L 1) O o T 4% (0°
&), B 6(b) il ik 3 F 58 4 M I 43 il 169 1 D 5
YA T AR B 2 7 DR R . A T 5 E X
Wi UEAT H A, F R 1 1) O 5 R 1 RGB 4% U 1k
F T YCbCra& =, 344 YChCr & =X v 19 52 BF (luma) B
VAN @A IE R o il i X He B 6 (a) FTE 6(b)
AL, 00 e B 4 2k B 26 5 o i B B
THRZE SIS RS R R R RN
255, A =0 (22) 115545 2] i 1 B 7 1) ek KA 5%
W T AR R S E R M EEE . K6(c)h
T 2 R D f 1 00 48 5 BB A D 3 AR T AR A B B Ml
PR BE IS, AT LLE Y, 32 36 7 [ S 1R R o5 i
) R ) R W) E R G 1 R X3 b AR B R R
S DR R 5 B /N ] LA AR AT DX 5 R A IR AR
B, Ul A S I BR 5 B B TR L. B 6(d) R A
T 58 A 4R 2 A 10 10 RN SR R B R TE R B R 1 TE B
D7 ) 6 i AR A 20 0 I Ik B R, 5 R 6 (c) Al
Eb |, R DX 55 P i 41 R A ] BRI o X3 A B (L
A R AT, Ul I AT A B A i R R T 42200 S
A T 48 E T AR ST 4R 3 T 52 4 O PR 43 i %) A0 R
ik 520 S8 T 3 T 5 T O i RSO D' DX 8 PN A B B
A R o

Intensity /arb. units

300 o
250
1200

150

Intensity /arb. units

100
50

6 5 A D 4R 20 ik B K A2 U T D 1 PR A IR R S Ca) T8 5 o 0L A PR 4R 5 ()R B2 38 07 ol PRI 5 (o) 0L O 4 2 1]
185 ()RS i I J32 &1 4%

Fig. 6 Perpendicular polarization images and polarization degree images before and after restoration with complete polarization

decomposition method. (a) Saturated perpendicular polarization image; (b) restored perpendicular polarization image;

(¢) saturated polarization degree image; (d) restored polarization degree image

¢ B L7 [ 46 O 58 R R B W B ), R T T
i 1 S AT 68 2500 149 74 T 1 DI A1 ] B30 9% Xk oK TR G E AT
R o T IR S AT S RO 4 K TR G A o B 3 4
PR BRANTE < 1 SE ) A 00 S0 i % 48 00 4% 54
AREARD A, 368 2o O AV 3+ B34 00 4 D00 45 A XsF 7 7K T A9 WL
DA 5 2R e AR L 73 SR HR K TS S O 31 2 A 3 55
PR 2 5 fo e it o X (14 I ) S SO U 2 3 50 s 4k
JE 3 T 1) D5 R P AT D7 1 Dl 5 AR K T
S O R (LRI S ' R L, 3 A4S B A S Ol o

(B2 7K T S S8 PR R DI i B L, 3530 A+ B 9 47 S Ol 58 B
{ELAIE 2 10 A K IR DG AR B B 4R

M) P 22 T i 31 S A7 S0 2008 618 7 TR D' 41 7 B 3 X
25 PN AR K TR D't P 52 AT 4 A, R ' 0 ol 25 2R
BT R o T 7 Ca) 2 B 0 O 4 48000 26 2 B0 3
7 1) AR M 8 P AR 4 T 17 0l 5 P 45 Xk oK T e ' 2k
AT e B2 53, nT LUA WD DX i U 28 00 2
FEAICH 3 BT 18] D' 9 AR AR5 2 WM AR R A,
S FOR OG0 R R IE R BLAR RO S R K

2401009-6



R

=42 3% $ 24 81/2022 £ 12 B/R¥EEHR

B SRS AW TAE W . B 7(b) D AT 2
T o8 2 4R 20 ik ST K 2 ) B8 3 BT 1 Ol 55 [T 4R AP
A7 75 15 S 5 P A5 40 A K TR D S A5 B Y PR A
W O X8 B 28 A A7 7 K T B TS S T8 B i O 1R 3R
s K TG O B W58 42 00 8 T o

VL7 KT 0 ' 0 ) 45 23 () B R B 7 T AT 4 0
S50 5 (b) 3 B 7 1] R B B2 U 10 ) 45 2R

Fig. 7 Suppression results of water saturation glint. (a) Direct

suppression result of saturated vertical direction image;

(b) suppression result after vertical direction image

restoration
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Fig. 8 Remote controlled submarine
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Fig. 9 Four-channel split-focus plane glint images captured by polarization detector. (a) Scene 1; (b) scene 2; (c) scene 3
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Fig. 10 Perpendicular polarization images. (a) Scene 1; (b) scene 2; (¢) scene 3
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Fig. 11 Pseudo color images corresponding to perpendicular polarization images. (a) Scene 1; (b) scene 2; (¢) scene 3
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Fig. 12 Gray histograms corresponding to perpendicular polarization images. (a) Scene 1; (b) scene 2; (¢) scene 3
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Fig. 13 Glint suppression results using saturated perpendicular polarization images. (a) Scene 1; (b) scene 2; (c) scene 3
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Fig. 14 Glint suppression results after restoring saturated perpendicular polarization images. (a) Scene 1; (b) scene 2; (¢) scene 3
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Table 1 Quantitative comparisons of contrast and local signal-to-noise ratio between target and background
- . C Risn
Glint station Image type
Scene 1 Scene 2 Scene 3 Scene 1 Scene 2 Scene 3
0" image 0.0028 0.0166 0.0238 —15.6125 —7.2902 —4.4086
) ) 45° image 0.0229 0.0397 0.0271 —7.2584  —4.3801 —4.9193
Before glint suppression ..
90" image 0. 0808 0. 0804 0. 0445 —2.4557  —2.1119 —3.6459
135% image 0.0213 0.0321 0.0284 —7.0451 —5.0115 —4.7969
) i Saturated image 0.1888 0.1826 0. 1475 0.8711  —0.0800 —1.0346
After glint suppression .
Restored image 0.1992 0.1829 0.1931 1.4326 0. 2575 1.1752
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