Opto-Electronic Engineering Art|C|e

% ¢ x 4

20184 , 5545% , 5512

DOI: 10.12086/0ee.2018.180233

K TNimm SR R IR E
s

BRED o &Y, BEKRT, WHB:

! 430062
2 430074

WE: A7 20 LA AR K T ARG BB F, R BRI ok, BT —ATHEEAE A
FHARRGKT ARG LR A%, A ABITKRIEH FIKA TR R IRE, ABL A BHFEMAE, BBRERERR
TR G T o) EZFLEAATROGRMGLER. AR T Rk, BEIF RN KT RGN A, 26BEIL R
SR EERAR, R TEAFZARMEEG AL RHMTIF)G EFAERAR., £REH, BAARGEKREN
F B R MTF brik T i, RRHEFAANR NS G TR RE GRS R ERKTHRARCEBRIRILTY,
AR MTF E6BBER, A2EHARKNTH MTF 25 BGER.

XHEIE: AT, AR BRARERE; BonE

hE %S P733.3+1; TP391.41 HEARRRRD: A

SRR dmFE, HE, BRA, F. KTEARGBOEMAKR I R[] Lo T2, 2018, 45(12): 180233

Degradation and optimal recovery of underwater
turbulent imaging

Chen Yuzhang?, Ye Ting!*, Cheng Chaojiel, Yang Wanlu?

!School of Computer Science and Information Engineering, Hubei University, Wuhan, Hubei 430062, China;

2School of Computer Science and Technology, Huazhong University of Science and Technology, Wuhan, Hubei 430074, China

Abstract: In order to comprehensively and objectively study the degenerate factors of underwater turbulent imaging
and optimize the corresponding image restoration algorithms, a reusable submarine imaging experiment system with
a controllable turbulent flow condition is established. The circulating water pump is used to control the intensity of
turbulence in the laboratory tank.The bubble generator is used to generate micro bubbles. The image sensor is used
to obtain the images of sinusoidal stripe target plates under different conditions. The effect of turbulent flow field,
path radiation and fluid media on submarine imaging in turbulent flow were studied, and the differences and appli-
cability of modulation transfer functions (MTFs) of three degradation factors are compared by combining image
restoration and super-resolution reconstruction. The experimental results show that the turbulent flow field causes
MTF declines of the low spatial frequency, and the path radiation and fluid media lead to the decrease of modulation
contrast of the high spatial frequency. In the restoration of the underwater turbulent degraded image, the MTF of the
turbulent flow field is suitable for image restoration, and the MTFs of the path radiation and fluid media are suitable
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for image reconstruction.
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Fig. 3 MTF comparison of experimental system
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Fig. 4 Blind restoration images of different MTFs. (a) Images of different spatial frequencies; (b) Blind restoration
images of Furr.motion; (C) Blind restoration images of Furr.path; (d) Blind restoration images of Fur.wr
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Table 1 GMG of the blind restoration images of different MTFs
Spatial frequency of images
ipimm) FmTE-motion Fute-path Fute-tur
2 11360881 1189020 1189020
3 1615101 1102973 1102973
5 1267690 1557851 1557851
16 7047165 7226900 7226900
Frre-motion 6(b) 6(d) MTF POCS
5(e) 5(g) MTF BD
Fyre-motion
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89 LS Zik; (d) AT Furrwr 9 LS Zik; (e) AT Furrmotion 49 BD 7 ik; (f) 2 F Furrpann 49 BD 7 i%; (g) 2
F Furewr #9 BD 7 %

Fig. 5 Reconstruction results of underwater turbulence stripe images. (a) Stripe image of underwater turbulence; (b) LS method of
Futr-motion; (€) LS method of Fyrr.pat; (d) LS method of Fyrr.wr; (€) BD method of Furr.motion; (f) BD method of Furr.pan; (9) BD method

of Furrur

B 6 KFHAFKBAROBIHETELR, (a) KTmAFLAR; (b) £ T Furr-moton 49 POCS 7 i%; (c)
AT Futrpath 89 POCS 77 %5 (d) AT Furrawr 89 POCS 75 %5 (€) 25T Futrmotion #9 L1-TV 77 %5 (f) 25T Furr-patn
8 L1-TV 7 k5 (9) AT Furrwr 89 L1-TV 7 ik

Fig. 6 Super resolution results of underwater turbulence stripe images. (a) Stripe image of underwater turbulence; (b) POCS me-
thod of Furr-motion; (€) POCS method of Furr.path; (d) POCS method of Furr.uwr; (€) L1-TV method of Furemotion; (f) L1-TV method of

Fure-patn; () L1-TV method of Fure.wr
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Table 2 Objective evaluation of restored stripe images

tem FumtF-motiontLS Futr-pathtLS FurrurtLS FumTF-motiontBD Furr-pati+BD Futr-wrtBD
(Fig.5(b)) (Fig.5(c)) (Fig.5(d)) (Fig.5(e)) (Fig.5(f)) (Fig.5(g))
IC 6.6213 5.0278 6.4778 8.8601 6.8095 6.8095
BM 0.1368 0.111 0.156 0.0612 0.4144 0.3245
GMG 920613 249308 821285 5576436 2786888 2786888
k3 RyWHEFRLECE GBI
Table 3 Objective evaluations of stripe images in super-resolution reconstruction
FuTF-motiont FmTF-path+ FutFaurt FmTF-motion* FuTF-path* Futraurt
Item POCS POCS POCS L1-TV L1-TV L1-TV
(Fig.6(b)) (Fig.6(c)) (Fig.6(d)) (Fig.6(e)) (Fig.6(f)) (Fig.6(g))
IC 6.3721 9.6147 9.7786 7.4589 6.6690 9.1354
BM 0.1111 0.0368 0.0113 0.1071 0.0886 0.0136
GMG 1146400000 3400668600 62597149 1767000000 6601191 5136100000
4.3 LMSIP—EFBEHRUEIGLE LS 7(e) 7(g)
MTE BD 8(b)
8(d) MTF POCS
7 8 7 8 8(e)  8(g) MTF
7(a) 8(a) LI-TV
7(b) 4 5

MTF LS

()

®

B7 BEaBAGNGERER. () BELBERBL, (b) AT Fute-moton ¥ LS Fik; (¢) AT Futr-patn 89 LS
Zrik;(d) AT Furraur 89 LS 7 ks (@) AT Futrmotion #9 BD 77 ik (f) 25T Fmrropatn 89 BD 7 i3 (9) AT Furrtur
#) BD 7 ik

Fig. 7 Reconstruction results of sea fishes images. (a) Sea fishes image; (b) LS method of Fyre-motion; (¢) LS method of Furr-path;
(d) LS method of Fute-tur; (e) BD method of FmTE-motion; (f) BD method of FMTF-path; (g) BD method of FuTE-tur
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M8 it aBBRORIMETRER, (a) HHEEHBME (b) AT Furrmoion ¥ POCS Fik: (c) £ F
Futr-path 89 POCS 77 ik (d) A& T Furtrwur 89 POCS 7 ik; (€) & F Fute-motion 89 L1-TV 77 ik ; (f) AT Furropatn
8 L1-TV ks (9) AT Purrwr 89 L1-TV F ik

Fig. 8 Super resolution results of sea fishes images. (a) Sea fishes image; (b) POCS method of Fyrr-motion; (C) POCS method of
Furr-patn; (d) POCS method of Furr.ur (€) L1-TV method of Furr.motion; (f) L1-TV method of Futr-pat; (g) L1-TV method of Fyrr.tur

k4 ZREBBBLEIFN

Table 4 Objective evaluation of restored sea fish images

ttem FumtF-motiontLS FumtF-patn LS FutrurtLS FumTF-motion+BD FutF-patntBD FutrwrtBD
(Fig.7(b)) (Fig.7(c)) (Fig.7(d)) (Fig.7(e)) (Fig.7(f)) (Fig.7(9))
IC 5.5455 0.6311 0.8561 6.6668 4.6567 4.6567
BM 0.1152 0.1425 0.1111 0.0311 0.5755 0.5755
GMG 170666 2642 3916 122802 1046691 1046691

£5 RHyWETEGHBHEHEINFN

Table 5 Objective evaluations of sea fishes images in super-resolution reconstruction

FumTF-motion* FuTF-path+ Furrturt FMTF-motion+ Futr-path Furraurt
Item POCS POCS POCS L1-TV L1-TV L1-TV
(Fig.8(b)) (Fig.8(c)) (Fig.8(d)) (Fig.8(e)) (Fig.8(f)) (Fig-8(9))
IC 4,9063 6.4578 6.5512 7.5888 5.3496 9.3000
BM 0.2119 0.1730 0.0821 0.1091 0.0873 0.0241
GMG 49262650 60496856 59643527 449843653 142110023 867582194
COMS
+ s
5 .2_|:| 'L%
MTF
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Stereoscopic structure diagram of the experimental system

Overview: At present, the related researches of underwater turbulence mainly include three major categories. The first
category is the theoretical calculation based on turbulent structure function and scattering properties. The second cate-
gory is to use the refractive index power spectra to construct experimental systems for indoor or outdoor experimental
measurements and analysis. The third category is the simulation testing based on the PIV system. The existing three
categories of research methods have different emphases, and few literatures compare them.

In order to comprehensively and objectively study the degenerate factors of underwater turbulent imaging and op-
timize the corresponding image restoration algorithms, a reusable submarine imaging experiment system with a turbu-
lent flow controllable condition is established. The circulating water pump is used to provide water force, and the water
valve is used to control the turbulent flow field in the laboratory tank. The bubble generator is used to generate micro
bubbles, and the bubbles is used as tracer particles. Image sensor is used to obtain the images of sinusoidal stripe target
plates under different conditions. In order to reduce the experimental error, the experiment is conducted in a dark en-
vironment.

Through indoor and outdoor field experiments, the effect of turbulent flow field, path radiation and fluid media on
submarine imaging in turbulent flow are studied. The modulation transfer function (MTF) of the underwater turbu-
lence degradation is correspondingly extracted and analyzed for the three models. The adaptation performance and
advantages of the three MTFs are compared and analyzed by using several typical image processing algorithms in tur-
bulent image restoration and super-resolution reconstruction. The objective evaluation criteria such as information
capacity (IC), blur metric (BM), and gray mean grads (GMG) are used to compare the objective effect of image
processing. The experimental results show that the turbulent flow field, path radiation and fluid media affect the un-
derwater imaging process in turbulent water. The turbulent flow field is the main factor that causes the degradation of
underwater imaging in the low spatial frequency. The path radiation and fluid media are the main causes of image de-
gradation. In the restoration of the underwater turbulent degraded image, the MTF of the turbulent flow field is suitable
for the image restoration, and the MTFs of the path radiation and turbulent fluid media are suitable for the image su-
per-resolution reconstruction. Compared with other methods of the same class, the information capacity and the gray
mean grads value are larger and the blur metric value is smaller.

Citation: Chen Y Z, Ye T, Cheng C J, et al. Degradation and optimal recovery of underwater turbulent imaging|J]. Op-
to-Electronic Engineering, 2018, 45(12): 180233
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