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Methods and Technologies for Visual Perception of Underwater Environment

YU Junzhi!?, KONG Shihan', MENG Yan?
(1. Department of Advanced Manufacturing and Robotics, College of Engineering, Peking University, Beijing 100871, China;
2. State Key Laboratory of Management and Control for Complex Systems, Institute of Automation, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Effective perception of underwater environment is the key to the autonomous movements and operations of
underwater robots. Firstly, the common problems of underwater visual environment perception are analyzed, and for two of
them, i.e. visual degradation and refractive distortion, the influences on underwater visual imaging are summarized. Sec-
ondly, the research status of mainstream underwater visual environment perception methods at home and abroad is reviewed
from 3 aspects of underwater vision restoration methods, underwater 3D visual perception methods, and underwater vision
enhancement methods, to tackle the above-mentioned challenges. Finally, the future development tendencies of underwater
visual environment perception are prospected, focusing on the hot research directions such as clustered visual perception,
information fusion of multi-modal perception, as well as bionic visual perception.
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Fig.1 Schematic of the underwater image formation model

HLpRd, BRI N7r B ot 55 Al LU T 5206
AR

A§(x,y) = A (x,y)e ()

X, A°(x,y) KRR SO CRERIE,

a(c) NI AL, d(x,y) JHH L2 P& B BE &,

e~ (dty) Syt FE WLt (transmission map, TM) B
FEL, JEREE 5 E R R IE T N

AS(x,y) = Ju(c) (1 — a0y

A, J.(c) NE I (background light, BL).

R IR ISHTRI L, LK AR IR, RIS
M FEEERN B, ERKTEEREG
REL TTHU ISR R AR K T BB 5 %
Bl [, K BURAFE R R B SR A5
PRI R, M-S EBRAE B E, XL
BEAT I B AFE R IS H AR I AR .



226 I SN

2022 £ 3 H

2.2 KRG BT STRGEE

FEIK IS P FTAAL, — BCR AL E T B
KR, HTBIKMER,. = K 3 R
SERANE, LM H R B AINL G O 2R A
PRS2, & 2 fros. &l JL BRI H]
R T RN ) 28 Ji /LAY, W] o5
HH SR T F7 R W T L 8 3 T BT AE 7 T £
BN g, 1025 R8T PRI S M v S5 B0 7 17 17
BN e HUCTTAL, B AP RAHPURR &
I U I R 2

- HIBLEH
D c |
O G ¢ AL
W AR T
BT
i1 i
1 Jﬁﬁﬁ & B T

LUE=RER 7
PITAE -

B2 KR APLRSASR S RE A S e AR

Fig.2 Refractive distortion in underwater camera imaging
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Fig.3 Underwater structured light imaging equipment
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