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Abstract: Underwater observations are one of the most intuitive means of ocean exploration. Images acquired in underwa-
ter observations are not always sufficient for the observation needs due to the influence of underwater optical and acoustic
properties as well as clutter and aquatic creatures. The effective processing, analysis, and application of underwater im-
ages is a challenging topic. Although image processing and computer vision techniques have been extensively studied in at-

mospheric environments, given the differences in imaging principles and application contexts, the algorithms proposed for
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atmospheric natural images cannot be directly transferred to underwater tasks. And the visual applications proposed for un-
derwater scenes often suffer from inadequate consideration of the task context and poor generalization. This paper ad-
dresses two main tools of underwater observation: optical images and acoustic images, starting with underwater image char-
acteristics, provides a more complete summary and analysis of the working ideas of underwater observation solutions by
sorting out successful underwater image processing and image quality evaluation cases at home and abroad in a task-
oriented and demand-based approach for the first time. In addition, this paper discusses the development process of under-
water machine vision applications, explored the development prospects and optimization directions of related fields in de-

tail, and brings new ideas for breaking the bottleneck of marine vision applications and building the Smart Ocean system.

Key words: underwater image processing; quality evaluation; computer vision; the Smart Ocean
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Fig. 1  Development progress in underwater image processing technology
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Fig. 2 Underwater image stitching and segmentation
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Fig. 4 Examples of machine vision technology applications
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Tab. 3  Key applications of underwater machine vision
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Chuang %5 A\ 50 1 A plg — FE I 22 854, 51
AR 3 2 oy BORLAR 25, W i i iR s i 20 2 %
FIAaISHFNE TS o Cai % NRlGIK T HbRHYIE
SCRAIE 5 HALGE B35 F71E , 2237 T UDTRNet (Under-
water Distortion Target Recognition Network ) , % fi# T
TER LI UK BEAR A5 L

B AT PR 2 e ma AR R A 55 Tl ) — R
RE A, SR8 73 S XA A B A O3 e LU IR A
I, R EE T B AR B 7 i o] D7 I R A
SIHITE . Huo B N 0828 OB 2R U5 V55
LRSS I ARG G, M P TR 4 AR 28 R 28 S B 26
1555 BRI F] 97. 76% . 7 W G R AT 55 19
T — RO AR T IR AN 0 25 R P B A 7 Y
M7, AR AR RS B M 2627 >0 15 B i AL AR
K F I N I R A R R 28 I 2% D A ORI AU
I3 oSG2 R B A U 22 N 2% 107 28 03 2R OE
140 79. 6%, Tii F 1 RAE B AU 22 I 45 fE S 18
) 84%.
4.3 B

E R A IR 5T H AR & 5 2 AL H bs
B, AU EAT B AR 702, I HAT B
RAHMERE o A I BE T2 22 Hy F X85 B2 24 (B (mean
Average Precision, mAP) & P (H AT 100% , &

Yesl B MU SR vERE  HO R AR WF .
1 N
mAPzNZAPi (13)

o N 2B ECE , AP IS S P-R (Precision-
Recall) £ T H AR, EARM BT .

1
AP = > (R, -R)P,.,(R,.)  (14)
R=0

Horp, PACERAE W25 R b IR 7 L, RS 5K
PRES R REDS L E B TN Y 4 L

KE HARZ WIERS & B, K T &
HCHE HE UL LR Bt e o ) BR A, A ] 7 e A AT
PR HEAEAS I I 00 S BN H A 5 R A B A Azl
Ty $ s RSB A P BE =K T H BR A I ) 32
Mo BEF X —ME A5, Sung ™™ R A A ST
24 W) B ARFEIN R 2% ——Y OLO(You Only Look Once)
FIRERIGS K, M R Ak BRI RS 2 >, XA
A AR AR AT FH R R BV AR A5 A8 e S DU o
R Jiang 55 NN A PG BRI HEA T B
SR A0 3, PRI T4 ) 3 T A T AL T A R
(Channel Sharpening Attention Module, CSAM) il 15 [£]
BAF R I LR TG IRG B . O Tl TE 28Ry
KT B8 AR £ 28 LR AG R A, L Zhao 55 N
F Cascade RCNN (Cascade Regions with CNN features )
BRI T Composited FishNet, 1 1o i B -8 1 9 4%
PR T G RARAAR B I T OK TR R AR B )
AR A TR, s 1B T 4 B ARFRE Y 5 5
i o

P PG AT IR A AR AR B3040 A A 1 2 ™ o M
T, Jiang 55 A5 AR BTN 45, 358 B I [#]
ARy v 15 B R A REAR HEAT AR T AR AR v AR
S 1k AN DB R AR | SRR Y 5 K B
SR R ARG T S Y il ) B 2 M s A T AR
SSD (Single Shot multibox Detector) . YOLO %54 HE 4
A PRI
4.4 BEIRRER

I A R B B30 12 100 e e oy T I A v O 2
SRS RO Z 8] 1R 22 R VANl g
PR AR R (L ) R M7 > R e 4] T
o7 HORAA B PERE . HATR AU

_Jusa
3= (15)

Hoh A e BOE Y B . KT HARERER 20 Hr



1758 & =

b

539 %

R AR AT O MR IR PR S A T OCHE B0 R, T K
NEE ARG RO S LB R T IR A PR

Rout 55 Al 3o 1 38 I 5 25 e IR AR - ik
T AR URRAIE 38 B L) SRAE IS B 5, R DR 08
D A HE AT TUIN A A 588 B, S B 4828 H AR 2 R
B KN AVREEAA I G H ) 2 29 5 R
WA Ak DL KP4 (4 52 0, Gupta %8 A°F] ] Simase
PR 2 o A0 28 A0 LAY AR Rl KR I e A2
(Long Short Term Memory, LSTM) #& %l 2~ >] H kr iz
Bl R AR AL | A B 5 2% 2] 2 T DFTNet (Deep
Fish Tracker)

TS AN [a] -5 75 I AR PR RE 1) 2 5, 7 i P4
I bR R B B 0 10 PR 22 o XS e a4 H AR 2
A A AS R STHRAR L R 22 R Rl 5 R T DR R
THRECACTA A5G, 20 B0 BUH bR B ER TR &
9 H AR ER AT 55, WF98 1 56T SR il A AR IE A 48 13
B FPTIR & BRER R o A7 VRS AN PS O e Bk
12 FH BDRE7- U 4 R A v T 3 455 L I ]
PR, /D T el PR RE S PR 22 S Tl R A TR 22
S RO RES Y

5 KTEGLEEMRRARLZRS N

Fe (5 1 A1 300 22 05 - J5 T oK (198 i T R
1 8JT TR L, ) W B P 2 5 6 5 1Y
WP BRSBTS . SE /O
YR T TR o [ s i LR B AR
FESE T A /R B B [ B A 55, 1 UCHR
ChnbRE e [ TR R AR I
BRE R G KR, )R S B T v e P A s S e
T S AT o AEXS VRO RIS i E A v, T
FER B BA BRI R G H 2, A8 n et — P it
FEE TR SE SR o BEE S B ARG A5
AE T AN WA T SR A W 4 i, e T A9 T e £
SRR IR C W BB S T g se AR
Fnh T B PR — AU B HEARM R R R
PR TR, IR BT R R AP R S5 AR
7 M 00 R A 9 ) £ LRI R R v 1Y Tk
HMe s> BGRAE iEE R B E 2R BE S, 51
G NI RN 50T & o T RILHAEF, A
TRRE R R W 2 e T HAE R S /181R
AT Xk G I A U A5 D7 A 5K RE T o 2

TIRBE 7 2] 2 o it i R RE IR EOR , (15 11
{5 SAL LR 1 H e RO R REALKF, A K R R
INAPUAT A% Hh 2 e 1) HL A R R RN s o ke 5 i
AL L KRG, vl LLIE o K 45 12 B BERE J7 5t
FIR 22 R 28 5 R U 5 T BE T 2 AR 38

FESEBRIHI AR BB AL BRI FRR J3 Hr Y 5%
fifl , BEAG S TS B0 A B RCR AL LB B A Y
PR WA A ShE T 5 SN TR GRS
KRR ATRE T G R A AN ORI 55 4
SFHORAPERBIEE Z — Pl g R IPERESRE T IR A
AR NP S PR AR KT R REAL U2
BRI SCTEAWT BTt R 2 Bl R A R 22 ) 245
AR K L 2015 4E 5 RIS i ST

AR DA bR B9Ie ik, A R AL B 5 3T
W B ILGE BEAN R A TR RS
LN R LRI A AR KR T 23 18] 5 B 9K 3l 1Y
T5 A EZ A VEREA FRAY BRI .

T TR PR BT SR AR 1 R 15 22 B AT Wk
TR A E A BRI R EUFECR , RARK T
BETE R T R, EERAR AT LA

1) M R A HOR 3R B, oA 2 AN
P, N YRR S TT A AR AL P BEE o A
A8 B AR B R B8 XS, 3 — BHDPR A A W] B b 41
1o 1 UEPE R A MR E | TR A0 B 1) R AT
YR EBEAEEA T IR . B ER
A TRE P S SRR, AR (R TR Y I i i R 2
2SS SICEC Dt I Y SRR O ¢ RSB
fifp B A B, R AROR I R KR R b th 2
B, — 7 A B TN GRS R % B K TR R
(4 AL L 25 P S BE 25 S BB R K &R
AE PRSI, I3 —T5 T, T R B R | PR 5
SEROR ST IS BAT SR

2)7K T G Ak 3155 0058 FLAT WY B 7 5
RIOK T PR 5 B PAT 4 2 AT 55 T AR S 2 fR] T
BRI SR YR DUME S R OR IR S Ak I
A B TRt — PR TR CR IR AT 55 17 5%, iE
AT PEPE I 5 Bl 46 , 45 2R AT RE i 1 L SR )
U, AR REAE 55 vh AR BCE Rl 4, I, R R OK R ]
85 L BE 0 R SR B AN AT 5575 S Y 20, [) -t
ATHLS BRG] %.

3)igFEY st KRR TR B SF A A /0T

=
b
=
B



5510 1 WRERFS 25 o TIEEEE 7K T EUS AL 35S e F AR i e 1759
KRG B R & E
Accuracy 7N G R VR RMSE RMSE
— R RS- 4 K 0 s - ) s - -
100% KT SRS ULk, RICETFAREREK T b L0 =10
ek k= [l 42 4 K I At | R4S
2005%F, Kalwa®: A B Ul A% WML, 20219, ZHAOBAFA | !
B [X 43 Sy Rl s KR SARAE BT T
- ‘ ’ . Composited FishNet —-
20% — BERREEE SRR, 20154 T P S L os Los
K T SLALBLE SA e S
| SR o~
/ - -
60% — —0.6 —0.6
4 20154F, YANGZ: A4 HUCIQE 20204, CHEN%EA L L
H 1 Q
) PEHSIQP 500148, CHEN%A
40% = e 424 T TPSIQA —04 04
TP N 0 RS _ 20164, PANETTA%EA
1 kzmkaaRERSEE -~ | j2iT UM - -
) J A E’Li&mﬂﬁ -~
20% —| - —02 t—02
— -~
-~
N - - - -
1 1 1 1 1 1 1 1
2012 2015 2016 2017 2018 2019 2020 2021 2022 g

K5 KT EIBERE K RS

Fig. 5 Trends in the development of underwater image intelligence
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