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Abstract: Compared with traditional underwater cameras, the detection distance of underwater range —
gated imaging can be increased by 2 -3 times. Furthermore, based on this technology, fast high —
resolution 3D imaging can be achieved. It has great potentials in underwater target detection and
recognition, automatic navigation, marine scientific research and natural resources exploration. Although
range —gated imaging can suppress the backscattering noise by space slicing, and achieve higher quality
images, the backscattering noise of the sampling water volume still exists in gated images, resulting in
low image signal —to —noise ratio and contrast, especially for distant targets or low reflectance targets.

This paper systematically introduced author’s research of deblurring methods for 2D and 3D range-—gated
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imaging. In 2D imaging, two methods were proposed: the first was an algorithm of self —adaptive

double —plateau histogram equalization to improve image contrast and better meet human vision; the

second was to use a water—noise—reference denoising algorithm to improve the signal—-to—noise ratio of

target gated images. In 3D imaging, there were also two methods proposed: one was to use the water—

noise —reference denoising algorithm for 3D reconstruction, and the other was to use the threshold —

dependent joint bilateral filter algorithm for enhancing 3D images. The four proposed methods can be

used independently or in combination for denoising enhancement of underwater range gated imaging.
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range—intensity correlation;
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Fig.2 Enhancement results of 2D gated images of jellyfish: full frame images (first line), histograms of full frame images

(second line), ROI images (third line), histograms of ROI images (fourth line)

BIG B e A B G, B s 403 52K, K BE 9 on A e
200 LI b, [ 3 N 0 R R RO B A 9 A
15 0~255, G0 LY BERINZ0 15 153 21 2 #0018 3 4

H AN [ A2 TR A [ B 4 i i ] A R G 5 P 1R
S5, 3 B0 TR B KT Y ER R H bR S AR 4
T 85 W I R R4 T BR AR, L RO i i IR E’J{ﬁ

0203002-4



bk T2

%24

www.irla.cn

549 %

USAF1951 target and floats

Raw image

Enhanced image

Rope on a lake bottom

Fishnet in sea

P 3 AN Tl PR Y- & S 038 5t 55 75 48 58 00CR

Fig.3 Enhancement results of different gated images under self—adaptive double—plateau histogram equalization algorithm
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Fig.11 Experimental results under the threshold—dependent

joint bilateral filter algorithm

KAEERBEREARLE L

TE S PR B b, ALK X & E 3 N
SR S HORIR R SR = R B R
%ﬁ%#ﬁﬂAr—@,/\M:If/lf{)lﬁiﬁﬂlg 12 fis o &
T bR e E 1548 A Rl B, S % KRR R R T 2
%KW%%ﬁﬁﬁﬁ%%:ﬁzﬁﬁw%@ﬁ,ﬁﬁf
W i KR A B AR e, — D7 T ] TR B B

W

IO 394 50 O ik ok — B S B R AR 5, 55— T T AT
B K Wik ﬁIEH%A?FﬂB?F'JFHEE*%‘EEW%E?’EﬁE

BAE B = ST, 1R XU g = A PR
BRERELH=RRBRBE R, w2 b3 se Az L
J Y 4 56 5 1A AR = IR

Raw gated
image A Water-noise- e
. Denoising
and B reference :
i gated images 4
denoising
; and B
algorithm
Reference
image of water
noise l
i ] - Self-adaptive double-plateau
Triangular range-intensity histogram equalization
correlation algorithm algorithm
Enhanced 3D T‘hr'eshqld-deper‘ldent Enh_anced
Ok l— joint bilateral filter gated images 4
g algorithm and B

l l

| Output of 2D and 3D images |

P12 o R = £ B 3ok o A f UK A 25 M A O R 1
Fig.12 Flowchart of denoising of underwater 2D and

3D range—gated imaging

B13 .14 25 ) T 2o K 4R 25 W B iR B R b B fS
PR 7K L S 6 45 2R o S0 /K it /K BT ok 0.36/m S5 5 v i
FH Y A TG 3 B AR AR B 3 B AR, i B
2304 3.5 AL, & FIEME 20 5 AL, ME 13 .14
Ab PR S ) — 4R = 4E RG] LUK B, 2t |12 B

0203002-9



% 2 M

bk T2

www.irla.cn % 49 %
Distance/m Distance/m
(@) 14.1510 9.8773
200} (a2) ; Q I
200} el
_ 14.060 4 200 o 9.8379
# 400f = - .
= = \J§ ~
2 13.9698 £ w5
% 600} 2 600f b 19.798 6
z g -
800F 13.8792 a £
80018 9.7593
1000k, : . ,
200 400 600 800 1000 13-7889 1000k . ! y x
B 200 400 600 800 9.7200
x-axis/pixel
b Y = Y o e
(a) Dlf — 4 BRI = 4E B 1% (a) JE 0 = 2 1% 00 = 4k P 1%
(a) 2D and 3D raw images (a) 2D and 3D raw images
Distance/m Distance/m
14.046 8 9.8592
200F I 200F (b2)
13.989 3 9.828 3
5 400F = 400}
=< o
Z 13.9317 = 9.797 4
% 600F 2 600}
: F
soopt 13.8742 800} 9.766 5
{
toooL "2, : : 13.816 e 9.7356
200 400 600 800 1000 38160 200 400 600 800 1000 "

x-axis/pixel

(b) ALFJE — 4 45 0 = e I 1R
(b) 2D and 3D denoising images
P13 4 B E AR K b 5 2

Fig.13 Pool experimental result of pyramid target
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