%43 % £ 24 H1/2023 F£ 12 B/HFFR

K EHRIK

KB &SRR OB G & 15 % U A T B U5 i

RAEY, RLEY, R RN, ZHY
AR AR BB AT AL R B 250015,
WK R 5 T BB, 1T M 213022,

AR R B B R B M B R R R | LR VR 250013

WE KR SRS E A M B v, LI AR AL Sk B 32 B K A b il it | 6 26 45 B JR DU B, 5 BOUK T 45 M R AR
R TR AR TN BOR o B X R R KR RS S 6 T s )4 UL ]2 S A R R R A T
THBRT7 5 o AR AR S MT ] 19 0 30 5 00 A1 A 5L, 18 0 6 B B SR, 3 B A AL AR 3l 5 B0 WU IR) 75 57 0 A2 5 25 B A UM
PRI L AT B 25 B R B X 5 A A AR TS A b S SIS (R A AR T A SO I T A A 5 ) — AR G S B
B iy 52T fe O EAME B i TR TR A B P DA AR A A 0 IS A R AR A R R A SOy ER R
YA ASE 0 11 R B 0 2 O A Y, Ak B Y AR B A 22 TR AR B 3 A B W AR T

KA K TNEMRE R, B TERHER; MM SR RS S SR

FES%ES TP391 XEEFRERD A

1 5 5

KT A AR AT i AR b o) BT R vk B
U 25 SR TR AL, 23 MR IR M 0 2 e ST RE R . fER
TS AN BB HE A KR S50 1Y 22 A T R X R R R
Ett @Rk B CEE . JT, FIUHKTHL
e NE BT ILDOEA AL K T 25 R AR AT RS
ST 22 A K TR 5 R UK A R I Y R B
HJE, i TR g TR R AR Z , 5 i Bk T B85
IR R IR, 25 J5 S 1 K T 5 R RS A T A ok i 2
AR

FUR, T 5 N 51 32 2 56 i 2 K A A i i i 45 K
Hh 8 VR TORE HICST 3 R FEBGR AL B4 X RR A
7 AL A B g ] 0 WG B2 5 %) LU B R B L HOR 2
My P05 P9 45 ) 2 7s o 2 R) AT e e B RO TR 4 R
N0 AT A DR, 30 T S KT AR AR B R i — A
THEMR B AR E 2 B SR K T ER SR AL IE
SEGEEIFRT Ry OF A TR 2R .
(2, DAY OF 50 28 W 1 52 B /K PR B 35 v R MR S 7
24% P o 1t 4 1 A Y PG B R TR, RS i
24 T H) S 4 TR ARG, 2336 WK T N B B 5 B /R
SRS 2% B JE S 1 AR/ DN | F 2 R A PR e AR
Y AT R S EOUK T B R, S L A

DOI: 10.3788/A0S231118

KRB AT, A ERE 5 A sh B sh 2 5 R K IR
RN, T B0 S R A i A B TR 2% 9T DU S Bl L
2 T ] R B P 1 R ™ R ) S AR Y A 8 Ak
P55 KR K S 3 IR 2 A B AR I L R, B O
KT B TR A% I R B 5 2 0 R TR KT 5 R
ORUE S € SR C I T =

HRG, K RBP4 002 bR A e aR 4 b, E B4R
H T U R D AT S M R e BR i IR R T
BVR A — 28, B i TR TR RN Sh R P 4L, H
B FE K H R s 9 AE R R AR R i T
H T 1 T 5 ORL R RS /0N, 4 AT bR 2 B L AR
8 [ 4, 76 R T ST R B i 58 5. R, iE 2
N BRI A KR A Hp i BT M S AT b 4
Banerjee %54 Hy T — 3k g VT A AR MR A0 ek ik
T IR 7 1 o %7 BB R AR 43 A AN X, O
Gi T ey i BEAR R B S 2k A7 1 P I X B A
X G U0 P T DX I AT v (30 A 3 B O B g
HEMEFMH M., M5, Farhadifard 27 3 H 7 —Fh
oA B MBS v D I A R T IO T R Y W
ARG I L Atk R A R D, DA AR U M S bR
PRI o SR, 3K R A 32 B8 FH T ARG 35 /N R R
JC LT B B R R A B TR ORI 45
AAE ES R R )12 A Koziarski % F F 46

WimBE. 2023-06-13; 1&E HHE. 2023-07-18; HABH: 2023-07-25; MK EELXBHE: 2023-08-02
HEEWB.: HEARPERS(62201197) b E A 4 5 Bl 2% 7 4 (2023M730918) | H e 35 A% 3 ARk 55 9% & 10 0% 4
(B220201037) {19548 3 8 19+ 5 113 (305375) (3 8 T 507 28 A 5 %80 25K R B 8 S 06 2 TR OAF 92 34 42 (37H2022K Y 040113)

BIS1EE . hhu_zyq@163.com

2401012-1


https://dx.doi.org/10.3788/AOS231118
mailto:E-mail:hhu_zyq@163.com
mailto:E-mail:hhu_zyq@163.com

BUR 22 M 4506 & RO B R AT 5 >, S BRI v 5 IX 4
ARSI, SR 5 AE A I 45 SR 15 = R R I R P LD
W 2 BRI B T . Jiang 25U G BE A N 4%
B 5 A RS B AR B AL T i R S B TE
WP XA B . Cyganek 548 Y 2 14 4G ) 38
HATAR A Jr BRAAE , M LR DX 20 7K 1 v e 19 F A
SRR e R RS R LI E DN [ B iR PO ER S RN i
R L o R 5 A I ME R R . AR SO SRR
BRI BEIL A BE R4 T R A 2R, B
HoE 5 B BRME T eSO o8 R
T, b 38 75 ) 0F 5 4% 3 S 7 9 T B — RS AR Y
G I R i E, Gk AR SO phe i 208 5K R B
24% T JHE 4T Bk 0 75 5K, AT I R A 50 3 I A ) R UK
TR IR BRI P X B 52 T ik

I, AR SCE Se X KR BLas A0 8% B9 22 4152 Frok
S5 R ARSI A AT WL TR 2 BT K FR B 2R TR
BB, R oK T B 2% B 5 DX S A I 45 4 52 4 3

ol -

e
underwater robotic visual detection system

o0

B 43 % 24 H9/2023 £ 12 B /KSR
eI AR B, I AR 2R i 2 8] 1 30 25 8T 5 15 B R R, #1
A I 2 O P T R O ik R A S S
PR 257K T 2 T 4% O A B e 4, DA S A ek T i 0A k
B A Rk .

2 ARXKE

o A7 R K B T 2 5 100 S P A S
UL P 1T 5% B TG 2L 7 5 T 2 5 S 1 1 S B K R 4 A
KRBT g 191, 43 b7 5 2% R 0 AR M R U S
BB B 2 R (5 . R LA LR K F &
AR IR AL i AR KN ERE . AL K
e 22 S B 45 4 Tl E K A IS B B T L 0T 2 R
66 B 2 K B R RSB A S Sk, HAs A
SR O 1 R — e LA TR A L 1 e i
B 2 G HCR T A T E A% 5 B v B )R 1052
SR L W52 B 2 1M IR /N R € A 1 L
AT E M

coscsscscscaa cecssssssssssscccsssaan
......

trajectory
>%

morphology

changes in the®

Ij.

trajectory
Em

frame 2

G
)

[

[

(]

[

s [

H [

. '

~ [

]

]

(]

Q

Q

- h
: [
[

(]

E] Q

Q

Q

.

&
i)
=)
<
3
=

changes in R

I

1 320800 A% ST P44 10 K 5 R A 000 R A3 17 50 23 #

Fig.1 Analysis of video frames of underwater structure detection with visual occlusion from suspended impurities
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Fig.2 Flow chart of suspended impurity occlusion removal method
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Fig. 3 Flow chart of background displacement compensation and adjacent frame alignment
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Table 1 Quantitative analysis of detection and inpainting results of suspended impurities obscured area

Video frame

Index
1 2 3 4 5 6 7 8
Recall 0.918 0. 860 0.912 0.938 0.962 0.978 0.962 0.854
Precision 0. 183 0.169 0.236 0. 286 0.205 0.202 0.187 0.204
Mean absolute error 0.034 0.051 0.025 0.024 0.041 0.038 0.027 0.041
Mean restoration error 0.272 0.331 0.293 0.245 0. 509 0. 466 0.470 0.493
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Fig. 12 Comparison of image quality evaluation indexes before and after inpainting of synthetic underwater suspended impurity videos.

(a) Comparison of PSNR means; (b) comparison of SSIM means; (¢) comparison of FSIM means; (d) comparison of GMSD means
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Table 2 Analysis of running time of the proposed method

Average running time /s

Dataset
Adjacent frame alignment Detection of suspended impurities Elimination of occlusion — Total time
Real-world dataset 7.192 1.426 1.197 9.815
Synthetic dataset 6.978 0.138 0.955 8.071
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Abstract

Objective During the visual inspection of underwater structures, the camera lens used for observation is often obscured
by suspended impurities such as dead leaves and algae in the water. This obstruction leads to a loss of clear image
information, affecting the effectiveness of the inspection. Currently, there is limited research focused on removing these
suspended impurities underwater. To address this issue, we propose a method for eliminating visual occlusion from
impurities using the intra-frame spatial information and inter-frame motion information from underwater video sequences.
Our approach thoroughly analyzes the imaging characteristics of these impurities in water. Then we provide prior
information according to analysis and leverage the dynamic perception and information complementarity between adjacent
frames to detect and repair occluded regions affected by underwater suspended impurities. We aim to enhance the quality of

underwater images and enable underwater robots to more effectively detect the condition of underwater structures.

Methods In this study, we propose an underwater suspended impurity occlusion elimination method by combining the
characteristics of suspended impurity imaging, the motion information and complementary information between adjacent
consecutive frames. Firstly, we take the current frame and its two adjacent frames as a set of input data and estimate the
optical flows of the three input frames. Based on the distribution of optical flow between adjacent frames, a displacement
compensation strategy is proposed to eliminate the background shift caused by camera movement. Secondly, considering
the imaging characteristics of suspended impurities, we build a dynamic visual perception model by extracting the motion
and color information, which aims to accurately detect impurities with different shapes in aligned neighboring frames.
Finally, a hybrid guided restoration model is constructed to determine the optimal complementary information between
frames and restore the areas obstructed by suspended impurities. In detail, there are three steps. According to the built
hybrid guided repair model, we match the complementary information between the aligned adjacent frames to initially
repair the occluded regions, maximizing the retention of the real scene information. Then we adopt the STTN algorithm to
carry out the secondary repair of the occluded regions that cannot be complemented by adjacent frames. Next, the two
repair results are merged to obtain the final image repair frame. After the current input data processing is completed, the

next set of adjacent frames are updated and the above processes are conducted until all the video frames are repaired.

Results and Discussions Test results on both real and synthetic datasets demonstrate that the proposed method can
accurately detect and eliminate obstructive impurities, resulting in significantly improved image quality across multiple
metrics. Specifically, the adjacent frame alignment by background displacement compensation effectively eliminates the
interference of background movement on the detection of suspended impurity regions. The detection of suspended
impurities by dynamic visual perception is not affected by their color, size and morphology and can accurately detect and
segment various types of suspended impurity regions in the map (Fig. 6). The estimated hybrid guided repair model map
can accurately judge the best matching region in adjacent frames (Fig. 7), effectively guiding the effective repair of the
occluded region. The proposed method enables good smoothness and natural transition between the repaired region and the
surrounding pixels, and the original detail information of the crack and other regions is better preserved (Fig. 8), which
improves the clarity and quality of the image (Fig. 9). This method takes approximately 8 - 9 s to process each frame
segment, and the processing speed needs to be further improved. The selection method of parameters also needs further

optimization.

Conclusions In this paper, we propose a suspended impurity occlusion elimination method in underwater structure
apparent state detection video for information loss caused by suspended impurities occluding the lens in the actual water
body environment. Experiments on the real and synthetic underwater suspended impurity video datasets verify the validity
of the proposed method. This method can accurately detect underwater suspended impurity regions of different sizes,

colors and densities and can effectively restore the original information of the occluded regions. In conclusion, this study is
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of great significance for improving the quality of underwater images and helping underwater robots to better detect the state
of underwater structures. However, this method still has some limitations that need to be further overcome. Since the
proposed method mainly relies on motion and color information to detect underwater suspended impurities, the detection
and removal of suspended impurities with unclear motion characteristics due to slow movement or convergence with the
camera's motion direction and speed are not effective. Therefore, in future research work, depth information perception
will be combined to further improve the detection and removal effect of underwater suspended impurities. In addition, a
dataset containing more scenes of underwater suspended impurities will be further established, and an end-to-end
underwater suspended impurity detection and repair model will be established. Optimization terms for various parameters
will be designed to decrease specific parameters, reduce the complexity of the model, and improve video processing speed

to meet practical application needs.

Key words underwater image restoration; elimination of visual obstruction from impurities; displacement compensation;

dynamic visual perception; hybrid guided model
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