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Abstract

This study proposes a multi-stage super-resolution network that fuses edge information and bicubic interpolation
information to more effectively restore structural details contained in low-resolution infrared images. The proposed
model consists of two stages. The first stage, called the Edge-Enhanced SR module, combines the input image with
Sobel-based edge information to enhance object boundaries and high-frequency structural features. The second stage,
called the Fusion U-Net, takes both the Stage 1 super-resolved output and the bicubic interpolation result as inputs to
improve global consistency and local sharpness. The proposed model was trained and evaluated using the M3FD
Detection Dataset. In the 4x super-resolution experiment, it achieved a PSNR of 31.29 dB and an SSIM of 0.907.

Keywords

super-resolution, infrared image, edge, bicubic interpolation, information fusion

FHFLTHAUEY AFAFTUAEHASATA ATY - Received: Jun. 01, 2026, Revised: Jun. 19, 2026, Accepted: Jun. 22, 2026

- ORCID: http://orcid.org/0000-0003-2092-2769 + Corresponding Author: Sungyoung Kim

# ST EdTY 20 EAAATAE YA Dept. of Computer Engineering, Kumoh National Institute of

- ORCID: http://orcid.org/0009-0005-8660-6058 Technology, 61 Dachak-ro (yangho-dong), Gumi, Gyeongbuk, [39177]
ook T O ISt w AFE T w(mAA A Korea

- ORCID: http://orcid.org/0000-0002-7722-6759 Tel.: +82-54-478-7530, Email: sykim@kumoh.ac.kr


https://crossmark.crossref.org/dialog/?doi=10.14801/jkiit.2026.24.9.1&domain=https://ki-it.com/&uri_scheme=http:&cm_version=v1.5

| A 44

fol 2bAs

I

3o A= A el o

7}319} Bicubic B K.

=
4 A

E
=

4

T

EEPU IR

i

)

Lk
N

1

.

3}
FAl

0]

3L

o

.M
A7F =

o X
- =

e

%

A
o

9l

3l

&

1. 7M1 el Al

2

o

A=
=

FeleH, 0

g

9

] 98 b 2 AlA

o

Eik!

=

749 2L VEYT T2E 4

A

ATt

°

A7E EA

A =
s

|

o

=

Pou_
B2, 2

5

5

A

0]
pil

ok 2y R

gataL 7] mizol okt B A '], 4k

A0 Az vlgo] o

(A=t
w1, 49 AA}

o9s 539
[2]. 13}A9] A9

5
X

L

1°
of
B
B
£
0
Wi
oy
v
B

o

T

o

o
ofi
)
ol

= AU (Bicubic), 3 B (Bilinear) 52 X

7ol F2 AREEST

53 o) 49

st3act.

Hek
3

=

A A

A

°

=

R

RER
& AR o o

v

A

sla tm)

)

}7] ofdn.

bR olelg mabge
o

< 7l

-
Ry

A

o] A ATH3-[6]. 12 22

& I At ge a7t e

=

;ﬂ_ ™

O]: 2

oA Tl AT &
[e)

oy

P A AN AT 5

o

7, SR AN A7 ul

=)

9l

=
&

bk
5% 294 AW AR 3830l o

g 7de A4

0

rEES A

o W37k BA FGelM FEHAA YEhiEE,

o}

1

Is)
o

Ziky
1=}

07 @zolt ol me & AT

A
N

o

o o

|

st ol%, o &3 AdE 7l

)

=

o}
Bo

_=
o

of
Njm

s

kit

O

Z27 AR} HEFEE A7
A YEYIE A4t

==
o

gl

013

AAZ

¢}

INE 719MS Aot

}9th T3 Residual MultiBlock T3

[

T2 A



Journal of KIIT. Vol. 24, No. 9, pp. 1-7, Sep. 30, 2026. pISSN 1598-8619, eI[SSN 2093-7571 3

£ Agsje] nx} AR RE TdHow By
sk

rH

X
f
o
i
i)
ri
e
S o |

S
A
e

-

mln

4o g

£

=

Jor S o
[
Ay

oo oo

fr
o I
¢l
NS
Y
&,
P Ao
= o
o ==
Buipynd
>

2
o
fu
b
kd
=]
)

ot 2 o R
N
o
b
ol
o
ie)
ol\

i
iy
S
l.:(g
[
oy i,
o
o
&
(@]
o

2 dAFdA AL EHIE F BAE #4
d g @A zadE 25 e it Y
OF AREHE FM G (100, 100)2] A=
Fejolr, =HL (400, 40009 AT EA FA+
o|t}. Stage 1< Edge-Enhanced SR EEZ, 44 4
e AA BAEE WA R ZEste] FxF A
HE BESIH =S EUTT) Stage 2+ Fusion
U-Net EEE, Stage 19| A4} Bicubic EZF ¥4

S Agsre) nEde A% 2
1e Ak wdle] AA A

A Stage 1914= ¢

2

ha
HE Fdf 9 9 54 93 IHHAES AL
3taL, ol& 7htem oA §iE AT o] A
P A7 AT Ad WFor AFHo [B, 2

100, 100] &efe] dHo= FAH oA ZAF
H ¥ vEYITL AA BEE HAFoE
2B E o, EAY &8 AR F2E HES
T =& . 54 FZ7]& MSRBY}
SEBlock -2 T4 ¥t} MSRBE Padding®] 191 3x3
3t e, Padding¥} Dilation©] 291 3x3 FAH
FE], 8|3 Paddingo] 291 5x5 §AF LHE
2 FAToEA ke F8FYdN EAS

g =
=28 F UEF ALY 4 AR 2E2 2
u} 3

3

i N o @

==

aRHo s wgsh, uFvh AlRe AFa 7z
BHE BN 58 4 Stk SEBlocke Ad
Attention WIAYES 7|9HO.Z 3}, Global Average
PoolingS &3t 5 F 719 1x1 FAFF Rell,
Sigmoid E43tE B3l AdE FAEE A=A

%
o ol T3 Fad
o
.

T8 1. Metsts U E 3o MMl

Fig. 1. Overall architecture of proposed network
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Fig. 2. Visual comparison between Input and output images (a) Ground truth, (b) Bicubic interpolation result,
(c) Proposed model output
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