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An Approximation of Gaussian Pyramid Top Layer for Simplification
of Image Pyramid-based Multi Scale Exposure Fusion Algorithm

Tae Hun Hwang*, Jin Heon Kim""

ABSTRACT

Because of the dynamic range limitation of digital equipment, it is impossible to obtain dark and bright
areas at the same time with one shot. In order to solve this problem, an exposure fusion technique for
fusing a plurality of images photographed at different exposure amounts into one is being studied. Among
them, Laplacian pyramid decomposition based fusion method can generate natural HDR image by fusing
images of various scales. But this requires a lot of computation time. Therefore, in this paper, we propose
an approximation technique that achieves similar performance and greatly shortens computation time.
The concept of vanishing point image for approximation is introduced, and the validity of the proposed
approach is verified by comparing the computation time with the resultant image.

Key words: Approximation, Exposure Fusion, Image Pyramid, Single Scale Fusion

LM E

F2 Welel IAE AT e vioks HAEst
wiEhs g el HYOoR ofFL G B I
AEE A ASE ¢ ok 2 &l A2 gE
EEgoR o W Y &, e I 2
ate] ol EAIE AR o] AFE s
A= & w38 (Tone Mapping) 71H[1-5], =& &%

(Exposure Fusion) 71®H[6-11]¢] F2 Al-&FH =0,
o= A AlZto] HholEolE £ 53 Wl (High
Dynamic Range, HDR) 9732 %2 53 H2l(Low
Dynamic Range, LDR)®] T2=&# o] X TU3F

o r

[*]

A 2817 s AHEAT 1% sl SE ARt
Ilg}ul = E3)|(Laplacian Pyramid Decomposition)
71He HE 2AY FHANAH F4ES ST Multi-
Scale Fusion, MSF)3l] =&o] Th& o2 9 4
e Ad=HA FFEH, B2 8 FokollA 1
|A4e BRIt [12] 28y FEEAIt g8 =
ol 7198 & F4 @718 B4 A7)
1218t F(Layer)s+7F S7Fsk7] wiZoll o= =] 3
no Ad A we dAirEe] Zasith C 0.
Ancuti et al. [13]2 &2/ 8F D= &3 71
o] A4 BRAEE dessts Uete g TheAIRE I
v = (Gaussian Pyramid)9] A9 A& &=

o

ol

2,

T fe Jo
i

L

% Corresponding Author: Jin Heon Kim, Address:
(02713) Bukakwan 513, Seogyeong-ro 124, Seongbuk-
gu, Seoul, Korea, TEL : +82-2-940-7747, FAX : +82-2—
940-7114, E-mail : jinheon@skuniv.ac.kr

Receipt date : July 11, 2019, Revision date : Sep. 24, 2019
Approval date: Oct. 2, 2019

" Graduate School of Electronic & Computer Eng.,
Seokyeong University (E-mail : xognsdl82@gmail.com)

™ Graduate School of Electronic & Computer Eng.,
Seokyeong University

% This research is supported by Ministry of Culture,

Sports and Tourism(MCST) and Korea Creative Content

Agency(KOCCA) in Culture Technology(CT) Research

& Development Program 2019



OI0IAI H20IE 718 O =2 ¥

AleF 3] g}v] = (Laplace Pyramid)®] #3F¢ Al&TH
& Agste ZAEEE 9dd 2AY FR71E
(Single-Scale Fusion, SSF)& A Al th. sFA| vt
SSF &1e8|ES G488 A 7H9-AIE getr| =9
A ATH 2L ZHE e & A o=
97 | 94S 28 vt AR FEr =9
G AZe A v A Al MBS d
RS 8738k dAlolth O wiEe AA g =

71k FAEH A o e dF FaAHo Y
AAES A EA Ferh

B =2olAM e ojvA| Av|= 7o BF =F
T SR AN dedE A Wder 9
2AYL FFEE dngsel A, TR 7}
S v 2] HASE wEol W dAE 2
Agtetaizl ek AA Th-AIQE v =] HAg S
o] B 22 Axe] A7|= A& Fde] v 2
o5 Hol 2 9% AR hRES G
ol AAE dde 2AHNA F27, F 49
BS A @3 A g=A Gk o] "l At

= oA THRAIRE RS Al S st
A HHS I o g teslaln, AgketE
SH U el S AES B FHstaA gt

2.0 2

2.1 0|0|X| mato|E

oju|A] ¥ E= oA E o7 AL 2A
g =E EX35tE 713 7| 2ZF Q] Wy o g By
AIFH WA 9 4= 58S 98 P. Burt et al.
[14]01] SE %ﬂﬂﬂ Atk Agrle Fe 498 9
¥ & F 12 Fa3H0] ES F& A4 E

=, 98 A4k A ot 4 (1)F 2t
N = log(min (row, column))/log(2) (1)

919) 4] 1014 Ne uhE dabe] 5 5, slejn)=
o A9 AFE ulshel o gl =)ol Hle
sto] A4 olv x| Tt =g B thE 2AY
2 28 Gge A s se) Ay A
3} A AFE FAE A F 3 ASA A=
BHEo] Wl BEeAQ ol n A Be) Fo AR
& AYAY F Ak old T HAL oA e}

) & A 74 (Image Pyramid Reconstruction)®] 2}aL

o S|
S

N
(i3
a
Ay
ol
ﬂJIIlJ
ﬁ

JIRAS ISDIE FAE 28 1161

st ofef o] =2 (2)9F 2}

ZL{[ )+ GAl(z)} (2)

urzﬂnal

9] 54 @A G Le 7]
=9} BEeAet HYu =g ofv
e AT L olmA Fehu =R
S ek et =e] H 453 2
o] o AWAY & Ue

2.2 ZE| AL 88

gEes depr s Baol e F ohE 279
FRHE wFo] OE o Zo] YL AAH
NEAE sl AL gRaT olw 2t Ao
MY E EAE v AR, tan So ARSR
[15-19] Z4ale] AR BT wFo] ThE 2t Gabol
i e e

& N2 galA Feus ATHE B w5 54
B T S ez TE olniA) )
gule slvke] YA F AL obelg 2

s

Ryse= 3 D36 ) % £} G ) = 6]
3)

AA olm A

Q)M M2 &l A==

N % stk 9E 2AY §F9 A5 olnA v
gtol = AT 3 FARRE “o“ﬂoi et k=
Gel ojvA Aeu|= 7 AFo HFnEe 24
e A Y w)E JS—? Foz A3 e
=0l & &+ Utk

2.3 e AL S

MSF 71%9e] 45 wdo] e oy & 447
2t 7152 Gl rw oIe1A kvl =8 4o}

C AUAGE Folnd olE A SSF
ol AE Utk TR SEehAeh ofn A7}
2 2AE AdSnE 00 e RS B
#3}3, B ol A sk 7HEA Gl T
2 2AA BEAA G @ = FFL MAA
F2 AT of Mol 4EA Gl AL
A EE AL A3 AS FE oA S
o w3, A BB SeEE olnlA F b

rl o



1162 ZEIDICNES ==X M22#& XM10=(2019. 10)

A A e AR E GBI T =9 H e}
9 AZoE AA GEFAL FH =S A
. 2A8E SSF 7MW e obelel 44 49} 2ok,

M

Rygr = 25 {OW{W} + ol {2} < 1}] (4)

e 24 (4) o= FETH2 =] K9
AT HFH &S AAshs FrEE BE 02 e
ARGRIT o] Fho] 245 1T o] FxdHh
Single-Scale Fusion Multi-Scale Fusionol AH-&
Hd o]mA IgnE AAE &t A= F
sh9 Al Zhe-AIQE dEtrEe] H49 At
=2 ZAEE A A RE 7H-AIQE d et =0 H A
A ASE B AL o|v|A der= YA 3
T 7S B2 AANE ARG o] wiZof 2

< A BESHJA T, DA AR dEe 7Y

B =foAe olmA dgu|E 7|vke] I3 &3
71 o] A4HE dEsisteE Weto 2 Jhe-AIQE Het
=9 H4H ASE TAEEI Adste 71HE S
A A8tz gt Fig. 19 Albetes ZASHE 530
HDR A3 974< Adste dagse] dAZA &

2

O0s =8 94< o]83t9 HDR 23 94<
A, T. Mertens et al. [11]o4] =<t
3 Al 7FA G4 H7 A F(Well-Exposedness, Con—

3]

pil

-

FE= A

o

trast, Saturation)& AM-&-3+e] 7153
o} o] & oju|7] FFH EE THE Y& WAl FAF
3 a5 Uy A4EEr £ o wE C. 0. Ancut
et al. [13] 7} A|¢HeF SSF 719 & AHg3te] 94S
Tt dGEES AsAE A Aeie s
o] H49 AT eHEepAet =9 Hstel Al
ol Zastrh kAN 7RIS HEtu| =] H 49
ASE AR He AL B2 Azl A8FHER
ZHE-AIRE Tt = H 49 AlSE tialste] B =&
ol A3t A2 JAH(Vanishing Point Image)<
AR-g-ghT,

M

R o= Z [V, + ol L{ L} X I] (5)
918 4 G2 & TEad ATHE 99
4 @OIA AR FHAIQk ekl s el A4
R AN A P
o BT, Btk AN A ASE HE
AR G Hall A HE TR Gl HH, o
& w@o] OE 2479 Qarel FANA kel HDR
A7 o E Fd

t e g8
7] 9% AEN GHoRM FeE ), Y5k
B Al 208t B =Rol At 1942k ve}
M A48 A ol A& YA NS BE
L ogoto® 28y GAolet: Ade =Ysng

Generate Laplacian

High-Dynamic Range

v

Multi-Exposure Image e

Generate Weight Map
Using Quality Measure

v

Generate Vanishing + |
Point Image

Image

Weight Map
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Table 1. Computation time comparison between proposed algorithm and existing algorithm

Proposed Proposed

MSF SSF M(iho ] MSF SSF Me‘iho ]
Epel-Tower 0.79 0533 0.327 Fog 3937 2.859 1.681
Victoria 12,563 12,712 515 Igloo 0.285 0.176 0.154
Garage 0.248 0.118 0.106 Cathedral 4233 4076 1.384
Belgium 3.695 2.683 1597 Door 0.299 0.164 0.148
Dome 2.987 1.99 1.221 Window 0.282 0.149 0.153
Memorial 1.316 0.779 0599 Vine 0.969 0.561 0.483
Synagogue 2.955 2.024 1.199 Average 2.6614 2.2176 1.0938
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Proposed Method

(c)

Fig. 4. Comparison of results image of MSF, SSF and proposed method(PM). (a) chars, (b) memorial/Epel—tower,
(c) Igloo/Fog.
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Table 2, The similarity measure between SSF and proposed algorithm through SSIM and AMBE

SSIM AMBE SSIM AMBE

Epel-Tower 0.985 20.014 Fog 0.994 12.123

Victoria 0.984 26.866 Igloo 0.986 10.691

Garage 0.978 12.811 Cathedral 0.977 28.027
Belgium 0.992 10.251 Door 0.991 5.81

Dome 0.98 155 Window 0.948 10.298

Memorial 0.998 6.06 Vine 0.994 23.319
Synagogue 0.98 155 Average 0.98 15.5
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