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Effective Data Classification and Weighted Learning Model for
Wideband Image Synthesis Training Based on DenseFuse
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Abstract

In this paper, to improve the slow processing speed of the multi-resolution based visible and NIR(Near-infrared)
image synthesis method, we present a fast synthesis method using DenseFuse, one of the CNN(Convolutional Neural
Network)-based image synthesis methods. The proposed method applies a raster scan algorithm to secure visible and
NIR datasets for effective learning, and presents a dataset classification method using luminance and variance. Also,
in this paper, a method for synthesizing a feature map in a fusion layer is presented and compared with the method
for synthesizing a feature map in other fusion layers. The proposed method learns the superior image quality of the
multi-resolution based image synthesis method, and shows a clear synthesized image with better visibility than other
existing learning-based image synthesis methods. Compared with the multi-resolution based image synthesis method
used as the target image, the proposed method has the advantage in processing speed by reducing the processing
time to 3 times or more.
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Fig. 1. Visible light and near-infrared input and result

images: (a) Visible image, (b) Near-infrared image,
(c) Fused image

AT 2 EeM o 2 A Ay

(i

I8y o]ge #Ale 9 7Nk 34 71
< &3 N 2 AoHel 9A Held FEdFA
&S HalMe 7HE 2 2HYA G A
olEjAle] Fasith 53] Aoket A7
AR o AT =& 9 E8Y 29
 Held g EES fdl B B4 4 HolH
7b a3t FEg 29 e T AHy
= =A7F Aok

B =rdAe oldd £AE sidskr] sl 7t
NG D 2AM A L 93k aFA9 §)
tolElAle SR & AAStL, 8w AE%
e @ g5 WH 5 sl DenseFuseE €8

3]

ol

2R rﬂﬂ% 800~1500nm°ﬂ 6H%Hﬂ,

e R R R i i i ?ﬂ ATHT]

Vanmali 5 ZHEEFAQE7HE-AIE —4?/}“] ‘3}

A= Eelo 5 JdEZY 2 JIA AFE 7]
gk 7R We ol gste] ThAR @t 229

4 HHYT, A 2 HRE TR 3
A e ANSATHR). BEEARLTES A
o

M Ts 2AY =



Journal of KIIT. Vol. 20, No. 7, pp. 1-10, Jul. 31, 2022. pISSN 1598-8619, eISSN 2093-7571 3

FEoe O 2AY B8 daEE F shuEA
PR Al A F A9 A :L]a}u]_t_ Qo 7h
Zke] gjgpr= gl wet dxs FAH ol
gEEAeh s tE 2AY Y 9
QA A G THeASE B ohe AEY
< o]&3t] d& & Stk

9 2& 7HAISE B E B
T g5 ¥ie BYEt oe 7MY 2HE
ofm] g4,

=]

]

lo

22 Held 7|8 A4 oA

Prabhakar®] ¥/ A174% 7|%ke] Held 2de
2HSiamese) U EYZ o7|HAHE 7IAH, Q1T
= A9 zg/uz Al A w a]o]o] 3G A A9
JojolE FHAdstar SITH5.. F 7HA
Ul 7—}7—1}9/] AIHE So7kA EAWE A6t

1 olE 7hter FAdsta tATAA HF Y
< I ol P L S5 HoM
g Aee HAFAT YEQD 727+ UF d
st F2 EAES Adz F28 5 /o =3
A=Y HIES I Sl A Folojdl 2sf A

AR ARt ARgste] F3E glolofd gle fr8dt
AHEEo] AEYE TA7}F AT

DenseFuse= 7]-/\]%}\'] 0?])\]-31]. 249,]}\'] 05])6]- ig-/\é
woll 488 AA% ZdEA d2EZ(Dense block)
olghe 7270 E(Cascade) 729 FAF AW
golo] e AHdate] 919 AR &4 EAE &
Asi),

I9 32 d2E59 F2E HAFEH Conve
glojol+ 2 A3 &

A
ot ArEEe )o BEFAY B2 X

Conv0

Conv2

a3 HASES 7=
Fig. 3. Layout of dense blocks

O" 2. 2lZefAer ojzlo|s X2l 28k
Fig. 2. Block diagram of Laplacian pyramid processing



Y

4 DenseFuse 71W) Juie] o34 B4 Sheg 918 B2l

o
-(_o‘
E!

I3y DenseFuse FolAe 7HASBA 73}
A F A9 HlolEAlo] FEste] RAIFA
%97 tlolEJAlSl MS-COCOTHS 8holl AME-3lSiTh
o|Z Q3 g Al IH HEY]IANA st A
ks Ao EN F i AEdE ARgete &
A op1aAe 27 gt A Al S #E
< BASHA] Bt EA7F AThi[10].

I, H|ot g
B Rl iE S48 NG 2 2HAY 9%
doleyl Hueh EdH0l B Y B AT
dole] £F @ /5A 8 mdg Aekdh

NIR B4 HlolHAA AN ta 2HEH 4 b
OJEJA(SSMID) ¥/AHS Vanmali®] T4 WL o] &
o] FATGR[12]. T BF 94 7%
2 ZHYM 4 HelHAMOERE A=AHE A

23t Sh5g YEDd Z71% 256x256 7]

[o

Ladeth 4
a7 4 BlAE A WAl olF HAL HS

Fig. 4. Image acquisition by a raster scan algorithm

a9 4= P2 270 WAl d4gEs E3)
1024x679 7)) Ao 2HE QA Gato] FEg
S age et 94 B9 2Rk o)
A= AR daelEe A8AA S5 XY
3 =3,
32 X0l st&2 Qs HA BR

pi

dolE #7 % 34 % 2

ASE AL Wad B 99 By Ao} 2
ool P4 I} Aok 71E P4 PR 5
Qo) F1kstel I Aol gt B Aol ghe
@she] BREAG:

[diff(%y) =

N—

Dif,-

r=

A7IA I,

o =X
47 den Ao @4

E E [diff(x7y)

ryd
o
[2d

_)&

s

2

rlo
T
?X; dlo
wo > o

o

fr of2

2
to

|[vis(x7y)_[nir($7y)| (1)

1M—1

/NM 2

0y=0

e 7% 2 AR AE 9L

Ly Al

[¢]
Dif = 2ol 949 & HAs Yvlsia N

= [diff‘o’] AA HA37)|E 9wt}
)

=
Yol 2% B g 2

<
Il
—
H\Ms
|
=
-
|
J
[ S

AN e YEGY 19 T BFE ek
Ve 7 AN R B4 ge Uen, 18 2
g9 71 oral AWPRAIHE r=28 A

4 9%

V1<x+x’,y+y’>]/<2r+1>2 @)

”Z],.J(:c+:c'7y+y'>2 /(2r+1>2}—u2

Fo 9o A7) BuggoRrE
A 4 o



Journal of KIIT. Vol. 20, No. 7, pp. 1-10, Jul. 31, 2022. pISSN 1598-8619, eISSN 2093-7571 5

Vdi/f(%y) = | Viis (.y) — er(%y” )
N—1M—1
z=0y=0

NN

o
N > 1l o fo x

2 of
™
:>I.l:”4
v
T
a
IS
3
IS
2
~
2
N}
fr
o
i

o

4 2

DC11, DC21, DC31(DC12, DC22, DC32)E 72740
E 72 7P Wil 4 dE2FA ol

L=10°< L, +L, (6)
L,=10-TI, )
Ly =1—8SIM(O, T) (8)
A71M o9} 17E 47 249 Y 5X FAs
oujgty, g4 A e =Y AT 51

&
— L
o] FZ2E 72 (Euclidean distance)©|Tth.
()& 24 AR dAAE Yl F
QA 7t F2AH FAEE v ZTHI3).

Ak B 9 E HHES 18 6o Uehd
At WA, FEL Y-S CIELAB 437 WS
S A= A 1 A Ad o, bE BT

3 A0S AU &4 glo) AHT F Uk 4 & N
. N ) sl7 ol o U= 0 2 NPAE HZ ml
38 SAUTS B4 dlolojoln] RAR AgAsL S AOTL A B fasta 498 uE g
A 3 FRAD SR LS Esle] A HAgE Sjal 93 B 2o go| E8-HTH14].
At F48E EARe tanle] dgoR Sojztw PR B A A a0, BEH T4
Hadeld & v go AERd doloig Ax 4 e A AR AREH £ 10, 2 B
F Qe AART A4E A3 Qe 2uig 5 8 /1Y 4 AN d9ez Soika A A
i G vlaste &4 3 Lo] HA) HEE of Yo U2 EAPSS A dololdA T
o1z, &4 Hlolol, 11 tRYE 53tk 59 HEE AT FHE S HAn 9
E]-% )’\']loﬂ/ﬂ '1}':_:@ ?:l-_/ll LTC_)_‘ EHME] {'E}é 3\4—:}: Lp C‘):}Ej"g‘i -3-017]— ?;}/\élﬂ QE%}B]'?_]_ l.fused% ;"};:':_
94' ‘:TL}—Z;I] %/\]-E(SSIM) v{l-:/\E] ‘;‘:}—/’:% LSSHIL% O]% é‘—]-]:]- a%‘;ﬂ"g‘i lfusuloﬂ E]‘%E] S\)j‘r‘;j a'{;i‘s’buis% BC:’]
ahod AT 38l RGB AE7H WS B3 A 9L 3=
et
Encoder / ;g ; ; ; ;f\‘ \ Decoder
177
C11 DC11
Inputsr 1 ¥ =
1x16 1616 . c2 c3 c4 C5
Fusion |lf 33 [| 3a || 33 || 33 [
c12 DC12 e 64:64 54:32 32:16 15:1
Inputs (1 e
1x16 16x16

J% 5 Mot mEo| kg X
Fig. 5. Leamning architecture of the proposed model



6 DenseFuse 71%ke] JFhe G4 94 s 93

Encoder

RS

e Channel1 |p

&

RGB B lm,s 1{ Channel 2 |
1

Fusion
Layer

L 2

Decoder I

CIELAB
to

a2
Near-infrared |mage to

RGB

CIELAB
-

Fused .irﬁagé ‘

Vis

Visible image

Jgl 6. Mot ZEo|
Fig. 6. Image fusion scheme of the proposed model

A e mdel Axe s 9
2719 WIS AURAL T e

e P 0 2 o

@S B3 BEQP} AAGR AAEE v
gtk & 1 7} woleyl

# 1. olo|e{Ml ¥ SSIM Z gt H| W
Table 1. Comparison of SSIM values

Dataset SSIM value
LLum_var_above 0.94288
Lum_above 0.94169
Lum_below 0.92600
Not_considered 0.93581

lum_var_abovee 7FA %3 A A HolHA G
B 3 = B4 Aole] Bagel 47 133k 47

ojdel FEEE AET HolHAES
lum_above> 3= Apole] B giihs

E2 94 Y got EE

Table 2. Image quality metrics score

o) | 3h,
23}l

O#AI- ShA Hid

Ho oHd

Mg dolEAE U8l lum belows 3= A
o] Btgko] 13 wwkel Ho|E|Alo|tt. miA|Rto®
not_considered> 3|59} 4t Ao S 1Y
34 e doleMeolt. A4E ool hun
var_abovel 2 Bt5¢t Bdlo] £ PG AT
M Ete s g0 itk
T3 4 dolojddA &

o wet I J
JECR TS
et 7129 AR 2
Lowrank, DenseFuse, ~12]
X]i§ 3l Hlask T 15]
® 29 O 7& $A %P HZ F 1039 71
P4 T AN GA AL

[e)

o “ o

E B 9 FXY B UERATE Weighted
addition 1 A WS 4 golojollM <29
A ERRA FelAle 7sA Rk =
YUEN 3L, Weighted addition 22 294 E4
BH ERY BAAE HEAE A2 o

s Ehdt,

{e

= /\O = o)
g5e 3 RdS

=
e

Method LPC FMI_pixel S3 Qabf
Lowrank[15] 0.92784 0.83760 0.13249 0.46567
DenseFusel1] 0.92169 0.85317 0.14407 0.53109
Vanmalil2] 0.93204 0.85554 0.15531 0.56184
Addition 0.93725 0.85979 0.14920 0.57635
Proposed model Weighted_addition1 0.93634 0.85849 0.14945 0.56836
Weighted_addition2 0.93869 0.86039 0.15074 0.57138




Journal of KIIT. Vol. 20, No. 7, pp. 1-10, Jul. 31, 2022. pISSN 1598-8619, e[SSN 2093-7571 7

LPC FMI_pixel s3 Qabf
095 0.88 0.16 06
0.94 0.86 0.15 0.55
: I I I I 0.84 I I I I I o I I I I ; I I
0492 I 0.82 I 013 045 I
0.91 I 08 0.12 I 0.4
u| gwrank mDenseFuse u Lowrarnk u DenseFuse u L owrank mDenseFuse u| gwrank m DenseFuse
m/anmali mAddtion w'anmali u Addition w'anmali m Addition mV/anmali m Addtion
mi\Weighted_addtion1 mWeighted_addition2 m'Weighted_addition? m Weighted_addition2 m\Weighted_addition1 mWeighted_addtion2 mWeighted_addtion1 mWeighted_addition2
a2 7. 94 HY HIE 8|1
Fig. 7. Comparison of image quality metrics
Addition- S% el F3A= 7HEAE SF6HA Al e 2™ 10 FE Y 18 10(d)H
%3 o T4 HiH(Addition strategy)ll ©f 3 FA 2ol AA wdol AH I 7HAAgo] ¢aith
® mdojth. LPCOF S32 ¥/ AW tiste] F O3S AGERAY] =3 Y TH P
B7kekal. FMI pixelS @8 + YHBE] A Vanmali®| 4 @ AQE Y G FA A

HE duiy BESGERA YERAT Qabfe 978 2] AIZHE Yehdt
4ot HIFO16)-[19]. 71 Weighted
addition 27} 27VA A E(LPC, FMI pixel)ol tha] 7}
A FL e B, YA A(S3, QabhllA F
HAZ F& S B o8 53 A I F
Weighted_addition 27} 24384 94 @Al ©f W
< 2945 Yt 2 30 4 Qloh AAF
OS2 A9 WL LPC, FMI pixel AZEoA 7]&H
el 1% ~ 3% HHIgE AAEE BYou S3,
Qabf AFoNME 8% ~ 24%2] AHFARE MHNES
B

a9 8ol I8 1074 AR 719 S
WA 2 A G JA e A
B 7E Stk Ak I8 8(e)%t
o 18 §dE 28 8o 1 8m)el PR i
=3 ANA Fde HeHd BRI & (b) Low rank 2 Z3 (o) Densefuse gH Zm}
Utk 53 18 §b)= IE (b) Low rank (c) DenseFuse
o] ¥ HA weth =23 1
B dege] & Yt
ot

@ 7Mg 4 2 NR 3z dat
(a) Visible and NIR images

ox

k
ox

ofr

E o
pau of
m

S

ﬁ‘ \
S
&

P

NS

i o o |
clo

A

AC)

1o ox

ool X ool T of N
P
dr

o

lo

o o flo

i

s
2oy

s

)

rr

S

o

fo 12

e

m U

>

X0

i=]

F
PN
T

>
52
o,

X rr
do
rO

ISR
¥

Jlm
ol
=
=2
rr
>
1o
u)
i)

e
©
<
LI

=

o &
o
E
(o,

ol T oo
H g 2o
2
X
&
rir
H
pv
ol
=
fd
i
o
o
N

(d) Vanmali 2 ZIHZSEHAY (o) Mot wh ZHo}
(d Vanmali method(Target) (e) Proposed model
a8 3 2 Z3b JAK1)

o U 5 e 5o A Edo] "oty Wi Fig. 8. Input and output images(1)

]—m
£
SN
oy

oz

g 10b)et 28 1009 F48 A= 4 BA



@) T Hat 2

o oo x

(a) Visible and NIR images

NIR 3= H4&

(b) Low rank & A1}
(b) Low rank

(c) Densefuse #HH Zz}
(c) DenseFuse

g ZIS

(d Vanmali
(d Vanmali method(Target)

(e) Mot gk A1}
(e) Proposed model
%l 9. ¢lEd 2 Z3f HAH)

Fig. 9. Input and output images(2)

N e I NR FE G4

(@) Visible and NIR images

(@

# L34 dole 27 % AEA % 2

. = —

2 At

(b) Low rank g Zo}
(b) Low rank

(c) Densefuse
(c) DenseFuse

a2

o AI-)

I
L oo

() Mot g ZAm}
(d) Vanmali method(Target) (e) proposed model
a8 10 23 ¥ 23 HAQ)

Fig. 10. Input and output images(3)

(d Vanmali

E 3 MtREn SxHatd X2| Az Hln

Table 3. Comparison of processing time

Image resolution Processing time(sec)
Vanmali model | Proposed model
580%320 0.3747 0.3589
1024679 0.7111 0.3690
1920x1080 1.7711 0.5584

2zte) el A e B 1099 9
AR, ALt Brg P vimats
oAl AdSS gend sle] Yol
TAZI ARG AelsEst 953 we A

2 ot of ryd
ox, mE e > ox

of o
o> J|n
o ok

fH
=2
R
rir



Journal of KIIT. Vol. 20, No. 7, pp. 1-10, Jul. 31, 2022. pISSN 1598-8619, eISSN 2093-7571 9

o
Y
ot
b
:‘\_l‘
i of
ox

N X
<2
ﬂ-l\l'l
<2
e o
Bl
of2
o
do
ol
ox, M
o
iRt
b

2
Anj
Ho
a2
ol
)
ol
hins)
o
frt
=

el
&
%o,
dlo
tlo
1o
=)
r_?_{: O_>L
Al

References

[11 H. Li and X J. Wu, "DenseFuse: A Fusion
Approach to Infrared and Visible Images", IEEE
Transactions on Image Processing, Vol. 28, No. 5,
pp. 2614-2623, May 2019. https://doi.org/10.1109/
TIP.2018.2887342.

[2] A. V. Vanmali and V. M. Gadre, "Visible and
NIR image fusion using weight-map-guided
Laplacian-Gaussian pyramid for improving scene
visibility", Sadhana :
engineering sciences, Vol. 42, No. 7, pp.
1063-1082, Jul.  2017.  https://doi.org/10.1007/
$12046- 017-0673-1.

[3] H. U. Lee, H. J. Kwon, and S. H. Lee, "Visible
and NIR Image Fusion using the Subband
Information of Wavelet Transform", JKIIT. Vol
19, No. 3, pp. 77-86, Mar. 2021. http://dx.doi.org/
10.14801/jkiit.2021.19.3.77.

[4] D. M. Son, H. J. Kwon, and S. H. Lee, "Visible
and Near-Infrared Image Synthesis Using PCA

Academy proceedings in

Fusion of Multiscale Layers", Applied Sciences,
Vol. 10, No. 23, 8702, Dec. 2020. http://dx.doi.org/
10.3390/APP10238702.

[5] Q. Yan et al, "Cross-field joint image restoration
via scale map", in Proc. IEEE Int. Conf. Comput.
Vis., The Chinese Univeristy of Hong Kong, pp.
1537-1544, Oct. 2013.

[6] K. R. Prabhakar, V. S. Srikar, and R. V. Babu,
"DeepFuse: A deep unsupervised approach for
exposure fusion with extreme exposure image
pairs", 2017 IEEE International Conference on
Computer Vision (ICCV), Venice, Italy, pp.

724-4732, Oct. 2017.

[7] C. H. Son and X. P. Zhang, "Near-infrared fusion
via color regularization for haze and color
distortion removals", IEEE Transactions on Circuits
and Systems for Video Technology, Vol. 28, No.
11, pp. 3111-3126, Nov. 2018. https://doi.org/
10.1109/TCSVT.2017.2748150.

[8] C. H Son and X. P. Zhang, "Near-infrared
coloring via a contrast preserving mapping model",
IEEE Transactions on Image Processing, Vol. 26,
No. 11, pp. 5381-5394, Nov. 2017. https://doi.org/
10.1109/TIP.2017.2724241.

[9] L. Schaul, C. Fredembach, and S. Susstrunk,
"Color image dehazing using the near-infrared", in
Proc. IEEE Int. Conf. Image Process.,Cairo, Egypt,
pp. 1629-1632, Nov. 2009. https://doi.org/10.1109/
ICIP.2009.5413700.

[10] T. Y. Lin et al, "Microsoft COCO: Common
objects in context", FEuropean conference on
computer vision. Springer, Cham, pp. 740-755, Sep.
2014. https://doi.org/10.1007/978-3-319-10602 -1_48.

[11] X. Soria, A. D. Sappa, and A. Akbarinia,
"Multispectral ~ single-sensor RGB-NIR  imaging:
New challenges and opportunities”, 2017 Seventh
International Conference on Image Processing
Theory, Tools and Applications (IPTA), Montreal,
QC, Canada, pp. 1-6, Dec. 2017. https://doi.org/
10.1109/IPTA.2017.83 10105.

[12] M. Brown and S. Siisstrunk, "Multispectral SIFT
for Scene Category Recognition", International
Conference on Computer Vision and Pattern
Recognition (CVPRI1), Colorado Springs, CO,
USA, pp. 177-184, Jun. 2011. https://doi.org/
10.1109/CVPR.2011.5995637.

[13] Z. Wang, A. C. Bovik, H. R. Sheikh, and E. P.
Simoncelli, "Image quality assessment: From error
visibility to structural similarity”, IEEE Transactions
on Image Processing, Vol. 13, No. 4, pp.
600-612, Apr. 2004. https://doi.org/10.1109/TIP.
2003.819861.

[14] H. J. Kwon, S. H. Lee, G. Y. Lee, and K. L
Sohng, "Luminance adaptation transform based on



[e)

10 DenseFuse 71| i G4 & 9

oX,

%

o

o

brightness functions for LDR image reproduction",
Digital Signal Processing. Vol. 30, pp. 74-85, Jul.
2014. https://doi.org/10.1016/j.dsp.2014.03.008.

G. Liu and S. Yan, "Latent

representation  for segmentation and

[15] low-rank

subspace

feature extraction", 2011 International Conference
on Computer Vision,
1622, Nov. 2011.
2011.6126422.

[16] R. Hassen, Z. Wang, and M. M. A. Salama,

"Image Sharpness Assessment Based on Local

Barcelona, Spain, pp. 1615-
https://doi.org/10.1109/ICCV.

Phase Coherence", IEEE Transactions on Image
Processing, Vol. 22, No. 7, pp. 2798-2810, Jul.
2013. https://doi.org/10.1109/TIP.2013.2251643.

[17] M. Haghighat and M. A. Razian, "Fast-FML:
Non-reference image fusion metric", 2014 IEEE
8th International Conference on Application of
Information and Communication Technologies
(AICT), Astana, Kazakhstan, pp. 1-3, Oct. 2014.
https://doi.org/ 10.1109/ICAICT.2014.7036000.

[18] C. T. Vu, T. D. Phan, and D. M. Chandler, "A
spectral and spatial measure of local perceived
sharpness in natural images", IEEE Transactions

Vol. 21, No. 3, pp.

2012. https://doi.org/10.1109/TIP.

on Image Processing,
934-945, Mar.
2011.2169974.

[19] C. S. Xydeas and V. Petrovi¢, "Objective image
fusion performance measure”, Electronics Letters,
Vol. 36, No. 4, pp. 308-309, Mar. 2000.

‘ HMARATH

2l Zt 7| (Chan-Gi Im)
20184 39 ~ A7) : ARt
ot WA e s

A Eo} : Deep Learning, Object
detection, 97 A, ¥ &%,
opdE 3E, YAE 3=

.

dole £5 % 7133 o4 2
£ & 9l (Dong-Min Son)

2018” 9¢ ~

o]w] A 414, Deep learning,

‘ . I Object detection

2 &

— 1

Z (Hyuk—Ju Kwon)
” 1 20109 29

AAA 7]

il
2019 84 ~ @A« AEhstu AAESHR A Fu
FAIEOF : Color Image Processing, Color Management
HDR 9732, 2o)d 944, dsAs

ol M 3t (Sung-Hak Lee)

O 1S
= >
ok
El

P Of ox 0111
1x
>
=

o
=
ri
(@)Y
o
=
)

oy M
4o 2

=

AT
20099 89 ~ 2017 79 : 7

Boigta ITofet Agsht-

ATz
20184 3¥Y ~ A . ABUE Y T AAZLIE S
FAEoF ;. Color Image Processing, Color Appearance

Model, Color Management, HDR %¥’g#12], ¥4-8%,

AEA 5 AT



	DenseFuse 기반의 광대역 영상 합성 학습을 위한 효과적인 데이터 분류 및 가중치 학습 모델
	요약
	Abstract
	Ⅰ. 서론
	Ⅱ. 관련 연구
	Ⅲ. 제안 방법
	Ⅳ. 실험 결과
	Ⅴ. 결론
	References


