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Non-linear distortion correction method for underwater
perspective projection image

Yao Qinzhou, Zhuang Sufeng, Tu Dawei, Zhang Xu, Xie Liangliang
(School of Mechanical Engineering and Automation, Shanghai University, Shanghai 200072, China)

Abstract: Aiming at the non-linear distortion of the image caused by the multi-interface refraction of underwater imaging, this paper
proposes a method for correcting underwater perspective projection images, which converts the underwater images taken by the camera
through multiple interfaces into the perspective projection images of the camera in the air. First, under the multi-layer plane refraction
model, the imaging process of the underwater camera is modeled in the form of a four-dimensional light field parameterization, and the
mapping relationship between the underwater image point and the corrected image point is calculated from the direction information of the
light field. Then, using the mapping relationship between the two, the images acquired by the underwater camera are converted into
perspective projection images in the air. After simulation and optimization, the average error of the perspective projection image with an
object distance of 2 m to 4 m is within 1 pixel. The experimental results also show the reliability and accuracy of the method. When the
object distance is 2 m, the average error of the corrected perspective projection image is 0.56 pixel, and the average error of row
matching is 0. 4 pixel.
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Fig.1 Underwater encapsulated camera
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Fig.2 Underwater camera imaging model

1.2 KTEFREMGREEL

TR, B T R TR S, S st A gk
{1 SR RO e R ROT- 1 P 2 2 0k %
ARGHNL = [u,v,s,t ] 000 3 TR

K3 St g E e ERoR
Fig.3 The four-dimensional parameterized representation

of the light field

K3 LR — 0L AT RIE A B R - 5 0(u,
v) MOTIEAEE - W 0'0,(s,0) , WY1 A BE B 5 SO
D=1, X Farh RS, Wl LR DGR Iy MK i a
FNZRALE q s, RN R R T Z RO R AT
L=[u v s t]"
B s
2 G ]
g =[u v depth]”

(D)



178 %/ L £ ¥ R

Fal1E

WE 4 Fis, 45563 N4 S50 2R 7 i TE AL
W AR A T J5 o 22 2 P T AT SR AL A0 - AR HLAR AR 2R 7
FAEPLIG AL I 2 Sl 5 AEPLGEH 17,0 D 2 )2 Ak
gk (W AHAUK FhRE RS ) , HEEH T 5m; U E
JZE R n o 2 i, R n SRR 2 Bl SO & B A
BZ M A PR AR A PR R Z RIS R AT

P =RP, +t

‘R, =[nXxZ,

‘¢, =[0 0 0]"

Z.=[0 0 17"

KA E-T (uo) 5 A2 2P AT 5 A5 &
XY V-1, H 5 AR B 5 A5 O 1) T (st) R B
T — AR B, B 568 AT, B4 d AL
BN PR RS s d, RS P AR B su, A AR BT
P

nx(nxZ) n]

(2)

d/;z“*'t”é'%
d, | p, ~3H
{
d. /,uz—ﬂ(

K4 Z)2Fmr s

Fig.4 Multi-layer plane refraction model
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Fig.6  Simulation results at an object distance of 3 meters
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