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2 convolutional neural network

3 Encoder and Decoder

4 content-prior guided

3 detail prior guided

6 Generative Adversarial Network
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! Histogram Equalization
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! Contrastive Learning
2 Normal
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! deep perceptual enhancement

2 Deep Guided Learning for Fast Multi-Exposure
Image Fusion

3 image fusion framework based on convolutional
neural network



http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

S0 Slelbl (59lid | uwdigo — pole oy pdis

1Eor ylgs @ Jgl o louds @ P juuw Jlw

St oplaill i a5 Sleasl 3G U peas ol p Al ol 09 oo oolatwl a2l o LeakyRelu

Sy ped 6l s (BB omb o3y slls oo Vol omly odslsy, b acis sbagysy Ghisel jskaieay
(o S,b) b 59 lyls canl 503bg, a5 (6 polie el 00,5 oolatwl g glS 4
sablie 51 oled paai 0 a0 (lis a5 wlb e RS Az o (59 Glaadds ;o (P) S 4 axgi b
S Slwn Fipbyy peai ;o Vb bl Gl a5 Sl @ el YL Spdg) polie (59 abl §ipbs,

2 6L Ojs sl gbls (ol as JLs s 009 SIS olie 4y Cond S50, polie il Ko

&l yraiged

Lol :
Loy ,.1.:‘
b a.»...-w K¥Y
ECSE e
S yideo

MEF_NET aSuuis ,lisLu :0 JSis

- e S g A : ‘ -
¥ = d aYe k! - A i

69939 Olgneds (ol pgad Aigeiip9d yaw (159 SALI diges gl Hlaw :F JSb

¥

A


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

‘---Gmui‘w SaS 6y 2199 Juglal Loliubg ) Sgags 2Ll

> ol Lo 9 gl j >

a byye il e fle S bl ST L) Sl
ady [Vl s, an sl bl L g JuSey 5o
SBlas jise 90 glyls DEM asiis jlisle oS
et JL3s 4 Jgl o a5 cl LaS pe, 1855,
PR B 50 g poa 93 b LSy YL
aBlax 1) pgluai 5l plasya 4 by pe sl Sy

Y 0,0 allar O g0t peal 1 aBd o Sb)gel
8 o2 S Sl ey e 59565 (00,18 elglS
ol plw oo gl AV T o s Sy ool
6‘)“5 d\_f).:j_,a.? =9 SO 9 o‘5)—?gr“’)"’ )‘ULAS

DPE s y9d1 -Y-¥
$33,9 35 kS DPE 2 )05l MEF 2,651 B3
Under ) o5 aliotis) L ng—al Jolds a5 55 o0
<l (Over Exposure) ol olisg, 9 (Exposure
Detail ) Sl jo dgpe A5 (isu 995l g, ol
Color ) X, 554 9 (enhancement module
Vsl JSo) S’ o oslazwl (enhancement module
DEM Cooud )0 a8 052 J=Is jo ool ((A) o
@by b hol nislad 5l ooz islas (V) JS2)
4 bgye aS Ghjgel jolateds 09 o agi Dglite
O e ot sl ol pglas 5l ol DEM

L

L

______

=4
i Decoder

6
[ 3 x 3 convolution B Bat

chNorm & ReLU [l 2 x 2 max-pooling [ Bilinear upsampling I Concatenation B 1x1conv& Tanh

Ol 15 dguts Al LS L 1Y S

A9 A 01 HOY

‘ i 256
128

i

256

128
64
Cry
3 3
32

l 3x3convolution | BatchNorm & ReLU l 2x 2max-pooling [ Bilincar upsampling [ Concatenation [l 1x 1 conv & Tanh

K5y Sgmt A5 s L 1A JSC


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

Lo oS pows prgal (uilioeg,S a2 pe jlade 5l ey 50
Ju\_n 9 QH‘;A oola_wl oo O)‘j ‘)MJLMSJ J,;L, )

Sl 00l oolo UL‘*‘"
5 olines,S polie CEM aSts (295 5l colesyo
5| e g 0w lCewdds uilieg) olie DEM aSiis )

S0 Slelbl (59lid | uwdigo — pole oy pdis

1Eor ylgs @ Jgl o louds @ P juuw Jlw

Ry cemwlie GlLse! QT Bus a5 CEM s 4l
pae o 4 S0 )b el prgal uilies,S polie
Se250 palal jl culio Bigel slaosls 552
59 sBslilS 4 A 10 CEM aSss S o oolil
,Cr oCh ey YCOCr S5, sl &y bgy e siall
9 50y RS 90 (8399 Ceomd )0 .S o dulme

oy sl o SOl Lales axdliogugy poad S

&L Gln G 05800 9l iliaeg) 3 o DEM

r 7 TPerformed only in training stage :

R R,
D.E.Ref linv 2Ziny
Generation -~ —~

Ry

= .
ey

T

Informative
Weighting

Function

RGB to YCbCr |

DPE aSuds ,LisLu 4 JSCi

0o L polie adBle plesl oyuslsd oy, 5l oolaul
2 dsl ey GBS sla el )l gt oo oS 5
oals 5l oad su s ybjel SBglgils Ayl
as¥eo yo il caiass § las o cols ImageNet
g0 Glime psloal plesl slae Lo Sy o
(O )JS8) 355 e Sl 45d (5 Salei
ng—ad DS Ll g0 5l s jae s 6l
& 9 A WS olyem a4y Ay pgai L edloys

] 00 ool 3 guai g0

! element wise fusion rules
2 tune

A%

IFCNN aSuuis —Y—F
Sgt 059> ;0 albarwgy slapi )65l 51 Koo (o
5oLy a5t ool Sl IFONN g ool
by 29 = edle ol oo (9IS Grae
5 S 98 d pglal ezmed (5 pglar sy «pglas
a4 ajgal 955 )8 eolanals oo i 5o 8yg0le
Sy oS98 az peal e Vel i SWS
Sgd oo plol 23,5 Jix pslal slls sols degoee
=S Sl dg2ge pglal (23,55 iz ools sl
el (3 S 258 sl ity 4 45 00 10,95
oobel ooz LS & jgmdy a8l g Wigd oo
Jol 4u¥g0 yo .l ouls 0055 Ji390! SSIM azLi
Al sle (Shg ugmal ol alS eu
L e 058 gl e &j5 04 pgas


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

- 5ldUbg ) SaS oo (2lgn uglal olubg Sgugr LUl

> ol Lo 9 gl j >

Input : Feature extraction
[nput Image [, Feature maps Feature maps
3X224X224 04x224x224 64x224x224
Tied weights Tied weights -
[ "l [ " ]

Feature fusion Feature reconstruction | Output
Feature maps Feature maps Fusion Image I;
64x224x224 64x224x224 3x224x224

oo

—CONV3

Input Image I, Feature maps Feature maps
3X224X224 64x224x224 64x224x224
CO@ FUSE
> 4 >

IFCNN asis HlisLu )+ JSCi

e 9 SRl 29l 7 (6399 polal «odsS
Caledys Nads 3)ly o0l A (055 Olyrea
gl g 43,518 SuSs LS eadadyi sla g,
285 oo adgi ol

o mbi-0

Sote yolaieary Jol Slalllas adlaie nglas sl
=95 3l edslowsa s ale bl o ol
JSs o pmas GlaS 65 o 2l pglas
Bgd oo aa>Me (V) 5 (VW Vslo

AY

25 & S 250 pslal VL Oslys, s 4
Y eore a5 mac sloaaS b o colaiuls,ge
JLSely 98 5l S (o oolaiwl (oS Lo (rB9)53,
Sl omas GlaaSd 5l (590 00 LSl jslaroas
oolizl sl 5ol o ooliceasl W (yg)ss, by el
JLSoly 5 YU py alibls e by aied yad lalce ;)
Ll FSsS Gb it 4 nugal (9,5 el pgd
Se L i S (59, = MEF_NET (o 560!
S b 500 0250l 93 9 CoLICS YT abidl>
A Lo 59) 2 S5 nglad 4 (6999 nglas
5o abadls lase Cusgasme Jdo an wigd o |y


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

S0 Slelbl (59lid | uwdigo — pole oy pdis

1Eor ylgs @ Jgl o louds @ P juuw Jlw

Original

DEP B MEF

P

E

DEP MEF
Jol Wl adbie yglai gl p gl (o losd )Y IS

AA


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

-esldig ) SaS oy olge juglal by Sgagr byl
> oLk Lo g gl g

el oo oole L (VF) s VY sl JSis jo b jedated (pgs Slallhae adlais pglai gl y
sasliwdds zls YU olidg, b gble jo oledbl

T @l:.ma.o adlaio pglai gl p o @Lo.af)f AF USSs

A9


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

Jolss il (6 pmay STl 51 Slsl STyol 5l as 3
s gl g oo oolizul [¥+1Qgy ¥4l Qs
50 eabodls byl sla atli L (2,5 plas
s cewloas ooy lis (V) Jgasz 9 (V) 9o
9 a8logity po—al e dmmlis Gulul o a3l
FoS QOV (als Jlade 4z e Bl s @2 o pogad
Lo jasls lo ;05 e o Shas odunoylid bl
Ahle 5 o 3l plas sl i polde ax e
y pals o (gl aml (e 708 S5, L olael

e o Hlas

S0 Slelbl (59lid | uwdigo — pole oy pdis

1Eor ylgs @ Jgl o louds @ P juuw Jlw

W b, -F
00 A8l po—al CplS (o jo—Laledy
3 edd sladeand )5 saiby cilisee lacSaSs
4 )lSe oledlbl (5,55 p (e sbaylne (203
95 4 e gl JuSms IV (EN) (g5, ol
S8 e 4> LSy (sla Lo [ YY] (PSNR)
58 @l [YY] (AG) bwsio Lol,S bt g
slabas [0l (SF) oloas Lwls s [Y¥] (Qp)
Sy dYE1Qe) So e Jolt b e
Gl ales sl 6 ,.5eslul [V (Qy ) S
el sl sl lae [YAl MEF (MEF-SSIM)

@ Leig) ol 0 2505 (110 1905 51y ool cumwoay sl 3L b oY Jgur

Qp | AG | S F | Qy | Qcv | Q¢ Q¢ | SSIM EN psnr
¥
MEF S FAAYS | YAE e | VeyeqN | /2AYE| £ YYA | < YOAZ | c/2AYSE | cAYAR | VYA YY | 2YeAY
DEP SEYYYAY| VAQQ | Yoo 08 | </522 £ZXNY | < YSYA | /5229 | < JAAAY | VY EYVA | £FVOA
IFCnn LN NSV VANRA | Yeye0F [+ BV YAYAYY | c/NYAY | </« NPE | «YOYY | Vo YYYYA | 2TV

o jlailyl b 2Ly 61yl pguad (sl o.A.oTC«.m.bdg LI E e T CHR gy PR

095

Qp AG |S_F| Qy | Qcv

Qcs Q¢ | SSIM EN psnr

MEF SOYYe| YEAYY [AYAQ4 (<004 YVAY

EACE | 0B | CABYY | SAYSEOA | S5 A

DEP FOVO| FIYARY AYA0A] - #EYE YIAA

</fYFA ey <Ay \ARAZR [4ZARN

IFCnn FFFA| VAN |\ OY | 2PV YV

RO | YOV | CAY. | YALYYS | FENOV

e ;2 epglal sl B30 ooy Ol oz 5o
x> b oS 5o sl ai8o ) oy Gley )0 b,
ol b 4y (aSnle Yo olans) bl A
MEF_NET 2 )5Sl gl oalitaal o5 58l
YY o) oS5 A akisls U RTXY -0 (S35 (olls
9l 90 Bl e KVYF v g (g (o 5 uLIKS

ok [l oS e 59, 2 5500

90

U")—’C—") wola S 9—0 ‘_ngua}Lu r:L,o.s O )1
el asg L cwl NVISSIM a3 ls (asls
5o gy 59 3 it MEF_NET b, (V) Jsoor
LS’L‘_“)a)) r:so @L&]Ua.a S)yge aslaia e ASGA J.Q.C
0§ (eS BT (V) Jga o (ojlailsl ion


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

- 5ldUbg ) SaS oo (2lgn uglal olubg Sgugr LUl

> ol Lo 9 gl j >

L pgal oldy) o5 slp a5 (olaei ;68 G 5o
Wl 00yl 5SS Gaee (650l 5l oolal
s o bty o801l 58 ol 5l s L))
g asg bcal sais (5,9 i bl o olse
)O L;’L'—“"ﬁ) °9—~€r‘ ‘5>l_'))‘ md_wr:l_?u‘ 6L®$~u))4
I lecal as 8513 b3l 8,00 ¢ ol 5 o,
059>, odh piiin gl oSl ST 8L
oS S oloss U slwosldgg, s 5 S0l
L pobad oloj)l Gl oobaie ued a0 ailoadaige
Sl sl 09l oo oslaial JSaly g0 51 YL ojlal
)Uo|) u.»_;ojé 9 '}/l_: ) U‘)"’A l.: )‘)S‘W )l oolazw!
2ol pleol s § S Sz sS polal 4 (gl
S9—rte 5l (el pgmal adg g oo LS 0 2l
B el ool ) ‘d,..o:u U‘J‘ )Q el @L“""ﬁj u‘;«a
S9y = Gt 5ol pi oSl s idu S lree
L cgliie SlS (5590 Lol 90 10 2lod poluas
aox b pglai oy jo guly Lals Vel ool
SeS Gl comizren 098 (b))l 2lidg) 4z o
JSy slas jlas” plen polad (pdgls;, b (S
S len U g oadlaas s o5 0 oYL
0, Sdoe by iz (pl 50 D5 go (o) 9 S
Lol 28,5 51,3 23, 0590 00 oapdbj50T (sloaSds
61\54:: )JB[_»AJ )| OOLO.\_MJ L» ‘) Lbéi»_w U"‘ U‘yk.';‘
20590 1, Lagl oy Sloe urw g 0315 559

ol 8

[1] X. Zhang, "Benchmarking and comparing
multi-exposure image fusion algorithms,"
Information Fusion, vol. 74, pp. 111-131,
2021, doi: 10.1016/j.inffus.2021.02.005.

[2] Z.Ying, G. Li, and W. Gao, "A bio-inspired
multi-exposure fusion framework for low-
light image enhancement," arXiv preprint,
arXiv:1711.00591, 2017. [Online].
Available: http://arxiv.org/abs/1711.00591

[3] K. Ma and Z. Wang, "Multi-exposure image

91

S domi =V

P9y o 5 4 bl 990 slapi sl 4 ax g L

5 ol &Y V L MEF_NET .l 4¥ )\ L DPE
s ) (S i oles 4 F L IFCNN
Lo as s gt soslocwsas mls ol
ol slaa¥ (il as o5 ol (g b,
ool Gl ol o a1y (6 gy Ao
agi g Lazal) (olo 2Ls 51 oolizl SuS | MEF_Net
bg; Ol L nolad sl 039 Lo ile
2 S 2 sl 09 e 2Ll g sline
72 slp @lds; Ol on el waldplis] ngai
Ol S )0 S e QL) ol gl 5o oSy
Sromad g3 4 | 355 LSl DPE 2,681 5o ()
e ol gl eomnd 5o 0S oo e liee
g 0l Cwdds (63959 pobas slo g 5l casplesl
liz®y) bl 2slas b olron pgd Caond o o
7508 Glagby, plo BNk oo 05 o] S
Sy PSSl e 1) Glids; s S5, 0sepe &
2 S i S )3 093 5Nl 3 (5995 psla
S SO Ghjeel g ot Al e S 50 g, !
odbally 429 50 pyal (olidy) (iludinge dux
2 Sz pae oéy e IFCNN aSs el
30 55 s slaosls SaS a4 g oolatwls g 1,63
53 nsbas ool als Jlesl (g 5 aSed 550k
Systt 3 |y ormolio gl Censl algl 593 slaayy
e Shl Slea nolar olisg,

&l

fusion: A patch-wise approach,” in Proc.
IEEE Int. Conf. Image Process. (ICIP),

2015, pp. 1717-1721, doi:
10.1109/ICIP.2015.7351094.

[4] P. J. Burt and R. J. Kolczynski, "Enhanced
image capture through fusion,” in Proc. 4th
Int. Conf. Computer Vision (ICCV), 1993,
pp. 173-182, doi:
10.1109/1CCV.1993.378222.

[5] A. Vyas, S. Yu, and J. Paik, Fundamentals


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

of Digital Image Processing, Signals and
Communication Technology Series, pp. 3-
11, 2018, doi: 10.1007/978-981-10-7272-
7 1.

[6] A. M. Reza, "Realization of the contrast
limited adaptive histogram equalization
(CLAHE) for real-time image
enhancement,” J. VLSI Signal Process.
Syst. Signal Image Video Technol., vol. 38,
no. 1, pp. 35-44, 2004, doi:
10.1023/B:VLSI.0000028532.53893.82.

[7]1 H. Ibrahim and N. S. P. Kong, "Brightness
preserving dynamic histogram equalization
for image contrast enhancement,” IEEE
Trans. Consum. Electron., vol. 53, no. 4,
pp. 1752-1758, 2007, doi:
10.1109/TCE.2007.4429280.

[8] C. Wang and Z. Ye, "Brightness preserving
histogram equalization with maximum
entropy: A variational perspective,” IEEE
Trans. Consum. Electron., vol. 51, no. 4,
pp. 1326-1334, 2005, doi:
10.1109/TCE.2005.1561863.

[9] N. Hayat and M. Imran, "Ghost-free multi
exposure image fusion technique using
dense SIFT descriptor and guided filter,” J.
Vis. Commun. Image Represent., vol. 62,
pp. 295-308, 2019, doi:
10.1016/j.jvcir.2019.06.002.

[10] S. H. Lee, J. S. Park, and N. I. Cho, "A
multi-exposure image fusion based on the
adaptive weights reflecting the relative
pixel intensity and global gradient,” in
Proc. IEEE Int. Conf. Image Process.
(ICIP), 2018, pp. 1737-1741, doi:
10.1109/1CIP.2018.8451153.

[11] K. R. Prabhakar, V. S. Srikar, and R. V.
Babu, "DeepFuse: A deep unsupervised
approach for exposure fusion with extreme
exposure image pairs," in Proc. IEEE Int.
Conf. Comput. Vis. (ICCV), 2017, pp.
4724-4732, doi: 10.1109/1CCV.2017.505.

[12] H. Li and L. Zhang, "Multi-exposure
fusion with CNN features,” in Proc. IEEE
Int. Conf. Image Process. (ICIP), 2018, pp.
1723-1727.

¥

S0 Olelbl (5,98 uwdago — ole oy puis

1ok 4lgs @ Jgl 6, louis @ > o Jluw

[13] J. Yin, B. Chen, Y. Peng, and C. Tsai,
"Deep prior guided network for high-
quality image fusion,” 2020. [Online].
Available: https://arxiv.org/abs/2001.08941

[14] S. Y. Chen and Y. Y. Chuang, "Deep
exposure fusion with deghosting via
homography estimation and attention
learning," in Proc. IEEE Int. Conf. Acoust.,
Speech Signal Process. (ICASSP), 2020,
Pp. 1464-1468, doi:
10.1109/ICASSP40776.2020.9053765.

[15] Z. Yang, Y. Chen, Z. Le, and Y. Ma,
"GANFuse: A novel multi-exposure image
fusion method based on generative
adversarial networks,"” Neural Comput.
Appl., vol. 33, no. 11, pp. 6133-6145, 2021,
doi: 10.1007/s00521-020-05387-4.

[16] H. Xu, H. Liang, and J. Ma, "Unsupervised
multi-exposure image fusion breaking
exposure limits via contrastive learning,”
2023.

[17] D. Han, L. Li, X. Guo, and J. Ma, "Multi-
exposure image fusion via deep perceptual
enhancement,” Information Fusion, vol. 79,
pp. 248-262, 2022, doi:
10.1016/j.inffus.2021.10.006.

[18] K. Ma, Z. Duanmu, H. Zhu, Y. Fang, and
Z. Wang, "Deep guided learning for fast
multi-exposure image fusion," IEEE Trans.
Image Process., vol. 29, pp. 2808-2819,
2020, doi: 10.1109/T1P.2019.2952716.

[19] Y. Zhang et al., "IFCNN: A general image
fusion framework based on convolutional
neural network,"” Information Fusion, vol.
54, pp. 99-118, 2020, doi:
10.1016/j.inffus.2019.07.011.

[20] E. H. Land, "The Retinex theory of color
vision," Scientific American, vol. 237, no. 6,
pp. 108-128, 1977. [Online]. Available:
https://www.semanticscholar.org/paper/Th
e-Retinex-Theory-of-Color-Vision-
SCIENTIFIC-
Land/2f3f8f151a52afa3c1e80505ddb09b86
2416235

[21] J. W. Roberts, J. Van Aardt, and F. Ahmed,
"Assessment of image fusion procedures


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

e 5ldUbg ) SaS oo (2lgn juglal olubg Sgugr LUl

> ol Loy 9 gl j pw>

using entropy, image quality, and
multispectral classification,” J. Electron.
Imaging, vol. 17, no. 2, pp. 1-28, 2008,
doi: 10.1117/1.2945910.

[22] P. Jagalingam and A. Vittal, "A review of
quality metrics for fused image,” Aquatic
Procedia, vol. 4, pp. 133-142, 2015, doi:
10.1016/j.aqpro.2015.02.019.

[23] G. Cui, H. Feng, Z. Xu, Q. Li, and Y. Chen,
"Detail preserved fusion of visible and
infrared images using regional saliency
extraction and  multi-scale  image
decomposition,” Opt. Commun., vol. 341,
pp. 199-2009, 2015, doi:
10.1016/j.optcom.2014.12.032.

[24] 1. Journal et al., "Image fusion based on an
absolute feature,” Int. J. Comput. Inf.
Technol., vol. 3, no. 6, pp. 1433-1447,
2007.

[25] A. M. Eskicioglu and P. S. Fisher, "Image
quality measures and their performance,"
IEEE Trans. Commun., vol. 43, no. 12, pp.
2959-2965, 1995.

[26] S. Pistonesi, J. Martinez, S. Mar, and R.
Vallejos, "Structural similarity metrics for
quality image fusion assessment,” Image
Process. On Line, 2018, doi:
10.5201/ipol.2018.196.

[27] S. Li, R. Hong, and X. Wu, "A novel
similarity based quality metric for image
fusion,” in Proc. 3rd Int. Conf. Machine
Learning and Cybernetics, 2008, pp. 167—
172.

[28] K. Ma, K. Zeng, and Z. Wang, "Perceptual
quality assessment for multi-exposure
image fusion,” |IEEE Trans. Image
Process., vol. 24, no. 11, pp. 3345-3356,
2015.

[29] Y. Chen and R. S. Blum, "A new automated
quality assessment algorithm for image
fusion,” Image Vis. Comput., vol. 27, no.
10, pp. 1421-1432, 2009, doi:
10.1016/j.imavis.2007.12.002.

P

[30] H. Chen and P. K. Varshney, "A human
perception inspired quality metric for
image fusion based on regional
information," Information Fusion, vol. 8,
pp. 193-207, 2007, doi:
10.1016/j.inffus.2005.10.001.

[31]H. Zavar and R. Shah-Hosseini,
"Comparative evaluation of lighting
improvement methods in aerial images," J.
Geospatial Inf. Technol., vol. 11, no. 3, pp.
103-119, Dec. 2023, doi:
10.61186/jgit.11.3.103.


http://dx.doi.org/10.61882/jgit.13.1.77
https://jgit.kntu.ac.ir/article-1-964-fa.html

[ Downloaded from jgit.kntu.ac.ir on 2026-01-29 ]

[ DOI: 10.61882/jgit.13.1.77]

Journal of Geospatial Information Technology
Vol.13, No.1, Spring 2025

K. N. TOOSI UNIVERSITY OF TECHNOLOGY
FACULTY OF GEODESY AND GEOMATICS ENGINEERING Research Paper

Evaluation of the Enhancement of the Aerial Image Brightness Using
Deep Learning Methods

Hossein Zavar !, Reza Shah-Hosseini 2
1- PhD Student, Department of Photogrammetry and Remote Sensing, School of Surveying Engineering and Spatial Information, Faculty of
Engineering, University of Tehran

2- Associate Professor, Department of Photogrammetry and Remote Sensing, School of Surveying Engineering and Spatial Information, Faculty of
Engineering, University of Tehran

Abstract

Image taking using unmanned aerial vehicles (UAVs) for monitoring and assessing the existing conditions is
one of the most prevalent applications in surveying. Despite its significant advantages, this approach also
faces some challenges. Improper camera settings during image capturing, adverse weather conditions, and
changes in lighting are the primary factors that reduce the quality of the captured images. Generally, the
proposed methods for brightness enhancement can be categorized into two groups: traditional methods, which
rely on histograms, and modern methods, including neural networks and deep learning, which have
increasingly attracted the attention of researchers. The objective of this study is to evaluate the performance of
deep learning methods in enhancing the brightness of the aerial images. These images often exhibit inadequate
quality due to reduced visual details and the consequent loss of spectral information. Such deficiencies
negatively impact the quality of the spatial products, such as orthophotos and digital surface models.
Improving brightness and recovering spectral information have a direct and significant influence on the
quality of these spatial products. To this end, the study examines three different deep learning methods that
have demonstrated superior performance in the previous researches for enhancing aerial image brightness.
The optimal method is selected based on 10 brightness evaluation metrics. The evaluated data consists of the
aerial images captured from two different regions, characterized by areas with significant visual detail
reduction and loss of spectral information due to poor lighting conditions. The results reveal hidden features
in shadowed regions and areas with excessive brightness and high environmental reflection, which are not
easily discernible by the naked eye. This is achieved by recovering spectral information through increasing the
contrast between the digital values of the pixels in these regions. The best-performing method achieves
structural similarity index (SSIM) scores of 0.92 and 0.96 for the two datasets, respectively. SSIM is one of the
most critical evaluation metrics among the 10 criteria utilized in this study.
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