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ABSTRACT: This paper deals with a super-resolution that improves the resolution of side scan sonar images
using learning-based compressive sensing. Learning-based compressive sensing combined with deep learning
and compressive sensing takes a structure of a feed-forward network and parameters are set automatically through
learning. In particular, we propose a method that can effectively extract additional information required in the
super-resolution process through various initialization methods. Representative experimental results show that
the proposed method provides improved performance in terms of Peak Signal-to-Noise Ratio (PSNR) and
Structure Similarity Index Measure (SSIM) than conventional methods.

Keywords: Compressive sensing, Deep learning, Underwater sonar image, Super resolution

Lt o

2 o
b 17

PACS numbers: 43.30.Vh, 43.60.Lq
LM B 3] QWL QLow], Fu A ks 55 G4
8534 gl de) el S5 Y QAR 1]
SEAe R AF B ATEASAA Y QUHAFI G179 B S AT 9
2w glom, edelnt yizkgdel F Ropoly S FAL At A AlZEre] b ol 2
S WA T ek F Hofol A SiAW BA Fukdol nE &) wiglet i Alole] Ego
A QAL T F AN FEAI VAL 0% PoAolch AT} FE AL A 9
4O[Th UAV, 7)) Al gre s Bofel A 2 AL % wvEol Aot §e o] Bl Hats)
AL 2 gALel 2 W7k ool el Bk 1HY G 28 4 glek W) ) &

Of

N

(=)

‘TCorresponding author: Hanseok Ko (hsko@korea.ac kr)

Engineering Building Room 419, Department of Electronics and Computer Engineering, Korea University Anam Campus, 145 Anamro,

Seongbuk-gu, Seoul 02841, Republic of Korea
(Tel: 82-2-3290-3239, Fax: 82-2-3291-2450)

® @ Copyright(©2021 The Acoustical Society of Korea. This is an Open Access article distributed under the terms of the Creative Commons
@ Attribution Non-Commercial License which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided
BY NC

the original work is properly cited.



122 olzgl, sk 9l TEHA

FAF A= =] G E 5ol s shA L & I, 22 o3
FHLN7F Fasto] FH LIt sfAH Ftel 52
o ok Al dE ) S A A G s 2.1 lterative Shrinkage and Thresholding
L ez MG 7eS S AL RUE o] & Algorithm(ISTA)
éj:‘()Z:]l/\;ilg]_/}_1 ng_éj:_g_i7 =] A 0] _ _ _ B
F el S Pe s Q2 A4 HA B34S 2 B S
Bt Q] 2ot B At 2L Held 7]
Y 15 FYsh= wAl= Eq (D 2ol 2@ 4= Qlh
Hko] of 2] 7ol Al E glem 7]E AL Hof
M 93t A Aaks HojFa okl sha)gk o= .
% 2out o] 2 B A Bk ot min, 5 ly =Pl + Al M
o] AA/gFA o 7 B35 &) glolE 5 A|oFA Rl
aaz Qs 2t 7 MePEA| Sekar Sl o7 A o= = e, wi= A5 xS sparse 2O R
A= Al A= 2006 “TEEE Trans. on Information el 5= HE A, = B3} aetul e E UE
Theory”o]| '3t o] 22 & v F-2] gho] 09l 4471 Witk ISTAL Egs. (2), 3) TS yHE3a1H A Eq. (1)
Alof tfsf 22 o) AP SH o2 AT E EH o] 2|3} sl 5 2HA| Ert.
A7 = okl 2 arel sl e BA, Atk
4 7o) 2 ZA} AU GAF Belof] il o) P =00 — o T () —y)), @
o] S = ekl sh5 79t P AN AL T a st ujet
HEESE 52 B Ao 2 AT =g
‘] 152 sh5= 59l AHs4] =275 ]’?ﬂ ] j] x(k) =arg minwllly—7'(’“)|\§+>\||%'Hp 3)
Z o= Held HEYAete] HuS & 3 2

=
=] “ISTA- NET2 o] &3t A4S A5sto] 7ot 7| A k= WHE T, pi= 28 7] o]t}

L= vetulEe ARsekE o] sk 7heeit, 94 2.2 ISTA-NET

Helof gl J5g Bkl ISTA-NET2 HE2] Q] 9F3 A4 2l ISTAS
2=l ss 7R S A U EYAE - 57N U EQA R et mdlo|t}. 243} s

FAL G AT B AR Y 23] 9o Bashe W W BeX) 5 A

i chech Alekshe ol 71N U MY UENIZ Hew 45 dgajol A4S Held YEYZS B

+= ISTANET®] 7] 28 w21 Qi) s e & & Ar o2 AT JE Y EY D FH 2 A

&S el 7 =l A= 2713 R e A 9tk Eq. ()9 A1 9] 4, B 712+2] 3x3 “filter” S 7}2]

S-S RS o G A& g = “convolutional operator”©] 17, F(x)+= Rectified Linear

o|o] & F7Ieto] A HU-S flgk ks 7wk & Unit(ReLU) H] A4S HE-LS E31 gho|th

SAYHEHZLE FASISH 2ald e HHU U E

H=L0) FFeE Slall anAQ S A E 55 7 Flz)=B+ ReLU(Azx). @)

e 27)3h= A= oA FEdh=HAS A

ESLQIT). ThFet S FAE A GAdol| gt 2o 2.3 SENET

A2 Fol Al WA o] p S ASokaint Squeeze and Excitation(SE) NET-S E%] A H 9] QF
%%’EQ—] T ‘:]"%31]’7151":1' H%qu\i%jﬂ’ﬁ A __%__Ty_]_ XHZLJS]% %—B—H _@%341?1 5_'1_‘)5 o _'9'_5@_1-/},_[6]

Toll thgt 270E, M- AR A S0l gk A5 oF= 3} AL 747} Egs. (5)9} (6)2 E5o] Ay

W8 otk IVA ol A= Aok HA152] A =},

ATE RS, VA 2 =R 425 7|=3ith



EREEVEEE SN ERE PR IEC REEREE) 123

Initialization layer

Sparse layer

Upsampling
layer

|

@
3
S
=
Q

2

=

=

“
<
Sumddew 20eds 2imyea ]
=
woljeZI[BIIul
“"\RA
[=]

w0QVISI

=]
=3
Z
]
]
=N
5
e

X

pred

Fig. 1. (Color available online) Overview of the proposed algorithm network,
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Fig. 2. (Color available online) Structure of the initialization layer,

) 718 2|3 »E
718 2718 BEE 2713 R e E 64 A 5
conv’ 3702 8 VI ESIZL0) 7] 2 2 S =
8958 BEUe 2 S Al
E3
[e)

= A
7HAEEA] doke W] s Al S o83t Bk

7R EQ]A0] 7|24 A 5& dotiy] st

2) Bottleneck 7|3} R E

1 Z(Bottleneck) % 7|3} 5501]/\1: Hdo] A=A
HASD B ) % T8 S A
Aol 2V & Z7)stEch o] 2}

o] 2 s HHol et
ZEEEEEES SN
T8 of o] tigt U g e H
5 Fof Q.

(¢

)4

O:
it ru

2

\

oN,
X H
m]n

N
oflt oX
oL
ol
-1

m&rﬂﬁ
1 >

_Ikgl 1-N'
=

o M mlO
oo

3) SE 7|3} »E

SE 2713} REoAe= AdS st AREY

e S TG ol A Lrotrt A Ko 712 & 76t 7]
A

r°1'

3} “3x3 conv’ 1} SE - 22 &1 A 5}o] A A5t} S
< “3x3 conv” Fof| A8 AE ] FEH ¢
*cH 54 5 2 8% B =ea 5
7FSA & Egtt) 7t A = QI sl el 5F
A= o] aabAQl AR ES

9
p=h
=
&

i1}
Jﬁm

e

E
=

X
3

P
H 2 2

r!I II'D’ r

ol

i)

]_

[e]
=

), 24 A o, 070 ogEe AV, 1Y
ol gf-g-=wA 2 7} _J/\(sparse) B
337k 7, B oyt m®, 7Y o g0, Y
estrict Isometry Property(R[P)E THESSle S
shm T A4 Q1 A S 7RIt

b
et
a/—\

S
S

u rE

L rlo 0 10 oX
o

>

7‘ H(k <k 1 yf)- (’D
k) _ :v“") (Soft(F(k)(r(k))79(/1«)))' ®)

ISTA-block-2- Fig, 33} Z+o] 19 part@} 2™ part 2 -4
o] Qle}. Eq. (7)9] 1% parti= 24 A4k 7% o} 7Y )
Axro @ 1A= 7% = “3x3conv”, “down sample”,
“3x3conv’= FEPETE T kel Ad A7) =
e wielst, BV mVe) of ag A,
Eq. (8)°]] 8l g3H= 2" parti= 1¥ part 2 78] & ¥
£ 8 g1k PN 0 sheklel@ 7 s

thresholding function” soft(r*,6") o & 3] A3l 7‘%_1
& 7 st B 2 oaghalol sl 4t 4 e
Ex m@oz Bt phel Fn = o

“33conv’Afo]o] “Ixlconv’o] $13|5te] W] 4% 4L
ABSE T28 RS AAH Yk B £
HEATEE “3x3conv” AEE F Bl = -/ ko] “over-
complete” A 9] & &8RS et K-HH 9] ISTA- block-2
S5 u]AE F1tolA 2] 8] 4e] oW 5 Pt

3.4 o/ 37t Al upsampling 2=
U= EAL gAl Frtoz 3 BALE 9|9
0("; A

Fig. 42] “Upsampling layer™ S &



125

3x3 CONV 3x3 CONV

Yr

x(

DOWN SAMPLE

— L'BSH co

S

Y &l

3x3 CO

UP SAMPLE

ISTA block® — 1st part

3x3 CONV

Y
ltx1convll  3x3 conv FL3EON L
(k)
0 x

ISTA block® — 2md part

Fig. 3. (Color available online) Structure of the ISTA block,

=
f a
(=23 s
2R 5] |-
fe]
=l s by =
=] ] g' B —_—
a & B &
ol (= 8 T

%

Upsamping layer

Fig. 4. (Color available online) Structure of the up—
sampling layer.

SAA e Fe R TP el i EE =

= “Upsampling layer”& -&-3}5}A| =™, “Upsampling
layer’+= A<= T 711 9] “Deconv layer”2} “3x3cony”
o “Ixleonv’©. 2 o] o] lrt. YHEAHE 54
St Al o s JAF 2715 Y AT =
A A3E A7 Erh Fig 4ol A 64 92t 32 4 &2
724 “Deconv block”S- AL 0 & A% 9
B 7] B 32t o s S5k 3
o k. A HA “Deconv block™2 647}
o] Ad o] 27 &2 st Elw, 31t s = A
d AR7FANEO 2 A4Sk WhE 2H| 2 FoluA|
Hoh vz FR = = 1A “Deconv block” ol A<= 32

e LS 16702 s A U7 HH,
1649 0] EAZHS 2 0] “3x3 conv™ S E6}L, ]
F2 02 Ao “Ixl conv & S8 1 E 2] % =

o Y = 7RI

L=1L Lyt yle. ©

main

N,
1 b )
‘Lmain = MNZ”xl 7mprcdq“2
0

i=1

N, K
_ 1 Tty )Yy ()2
Ly MNE,Z]I”” (%) =/ g

N, K
1 ~(k 3 ’ ’
L= =D Y (PG 9) 2
]V;)Ni,zlkzl

The Journal of the Acoustical Society of Korea Vol.40, No.2 (2021)



126 ol %, T2k Hek, 17k

Table 1. A comparison of the super—resolution performance of each resolution in the test image.

Method Bi-cubic ANRSE ASDS
Scale PSNR SSIM Time PSNR SSIM Time PSNR SSIM Time
3 22.01 0.418 0.02 2234 0.461 14.97 23.85 0.571 152
4 21.24 0.367 0.02 21.29 0.378 15.52 22.79 0.474 139
5 20.62 0.333 0.02 20.87 0.334 15.12 22.04 0.412 122
Method RSSC RSSC-NL Proposed (bottleneck)
Scale PSNR SSIM Time PSNR SSIM Time PSNR SSIM | Time (GPU)
3 23.57 0.536 753 22.69 0.563 72.5 23.92 0.701 0.00407
4 22.6 0.433 67.9 2291 0.482 65.4 22.76 0.626 0.00464
5 21.92 0.397 582 22.08 0.42 55.1 21.29 0.509 0.00468
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Table 2. Comparison of the performance between the different proposed initialization method on scale 4,
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Ours-1 (3-conv) Ours-2 (bottle-neck) Ours-3 (SE block)
scale 4 PSNR SSIM PSNR SSIM PSNR SSIM
1 24.48 0.56 24.65 0.56 24.67 0.56
2 23.38 0.56 23.69 0.56 23.68 0.56
3 17.39 0.56 17.69 0.59 17.68 0.58
4 19.50 0.60 19.94 0.61 19.95 0.61
5 28.82 0.67 28.78 0.66 28.81 0.67
6 24.02 0.73 24.19 0.74 24.20 0.75
7 19.39 0.65 19.46 0.65 19.50 0.66
8 18.11 0.56 18.20 0.57 18.28 0.58
9 25.89 0.76 26.07 0.76 26.11 0.77
10 24.89 0.61 24.83 0.60 24.95 0.61
11 17.41 0.46 17.53 0.46 17.54 0.45
12 23.44 0.75 23.47 0.75 23.54 0.75
13 23.40 0.61 23.29 0.61 23.35 0.61
14 24.10 0.60 24.15 0.59 24.19 0.61
15 25.75 0.69 25.75 0.68 26.16 0.69
16 24.35 0.57 24.35 0.57 24.36 0.58
17 22.34 0.63 22.40 0.64 2238 0.64
18 25.17 0.61 25.19 0.60 2527 0.62
19 18.83 0.57 18.93 0.59 18.99 0.60
20 22.61 0.63 22.73 0.63 22.81 0.64
AVG 22.664 0.619 22.765 0.621 22.821 0.627

Original

RSSC-N
PSNR : 28.12 dB

RSSC
PENR : 28.01 dB

Ours
PSNR : 29.32 dB

Fig. 6. (Color available online) Comparison of the
super—resolution image output on scale 3.
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