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Multi-focus image fusion method using energy of Laplacian and
convolutional neural network
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(College of Computer Science and Technology, Nanjing University of Aeronautics and Astronautics, Nanjing 211106, China)

Abstract: The aim of multi-focus image fusion technology is to produce an all-in-focus image in which the clear
parts of different source images are integrated to a single image. Most of the existing fusion methods still suffer from
the problems such as block artifacts, artificial edges, halo effects, ringing effects, and contrast reduction. To
address these problems, a multi-focus image fusion method using the energy of Laplacian CNN is proposed in this
paper. The focus information of source images can be extracted effectively by using Laplacian energy operator, and
the focus feature extracted from focus information maps by the trained convolutional neural network model can
effectively distinguish focused sub-blocks from defocused sub-blocks. The trained convolutional neural network
model not only has a good ability to extract the relative focus degree of active windows, but also can obtain an
accurate segmentation boundary. After multiple rounds of training, the convolutional neural network model can well
establish an effective mapping between source images and a score map, which is essential to generate an accurate
focus map. Then, the focus map is further modified using binary segmentation and small region filtering, and the
final decision map for fusion is obtained. Finally, according to the weights provided by the final decision map, the
final fusion image will be formed by fusing multiple source images. The experimental results show that the proposed
method is superior to other existing fusion methods in terms of visual effects and quantitative evaluation.

Keywords: multi-focus image fusion; energy of Laplacian; convolutional neural network; deep learning; focus

measurement

FERA SRR T, i TR 2 B A IR SR, R
AT — IR AEE H AR R L i 2 R AR A — i
oL, A AT i B H AR R AR s e
iR AR B2 S T TR N VAR L e Iy

WisHER: 2019 -09 -05
EL2TH: HEARKRB%IE4E (61572253); iz Bl %34
(20167ZC52030) ; IT. 75 & B+ £ 4] 357 & 4 ( KYLX16 _
0381)
EEREN: B W(1987—) 5 LA
JE - B (1965—) %, 342 1A i
BEEE: F % ,2y16@ nuaa. edu. cn

Z e ) FRRIUHR R 2 A A i O Y. 2 B AR S
Rl B S — Pl R T LA A [R5 5 AN
RAEVCERETNN Z IR IR R, 05— 17 5 — A H
A EFRIES EIUR. AT, 2 RE R GRS HOR
CL 20 FH B 1 IR A 10 FH AR, 4912 S A B
$REY IR A BT S ML 45 U ST 24T
BT R 0 22 SR SR IR AR Rl 5 T vk AR 2 ) S Y
AN, I BBl 5 7 1 R BT LA R R - e TR i
BT R T s I s



- 138 - /S NS N A N -

552 4%

TR M Rl G T vk — ) R AR A
R < 0 Rl RIVER A R T R A R O A
AU 22 RAR EUR A 7 IR R R 20y
VT8 1R DR PG T A A o o P T B i LA
W, SR X I e T R 4 A5 SIS o — 1 W ek
G, o Je R i e s R AT A5 2 DR, PG 2
FIR E R Rl & BB 123, 56T B i i
£2 Sl LISEprS 8P SN YRS B R
PR B I AR A 3 i SR R U TR 5 A o 3 7
SRl /R i il e I EA @ L s i
Frbe B B A B Rl & R AN, 2 T 2 H0B 2
SRRSO 1) S ML 22 SR AR MR Rl 5 7 1 Bk
R 3 P 2 Y 25 53 T i U
FE, IF N B SRZ S BURFAE 1] . AR5 (P Zhid 7Y
TSR B LG SRR ] B T2, RS RS
FEOV A ARG RS X 28R & T AR b S B0
LR UG HE X HORE IV IR T R IR R

[ 56 TS sk i T VA A B, R R T s A Rl
D7 R MU R B | BRI X .
ARG R AR 75 PR B BRI W AR R T
Bl DA T H A SRR AR 2 A Rl 5 TR — b
T U SUR 25 M) A R 5 £ ) 22 SR AR TR (5 il
BT IR R KRR AT A0 I SURY S it S
JEWR NG I3 it DY SURS Z5 48 fe L RSH A 1B, 2R
SR 65 P25 7 307 0 A AGE I 35 AT DX, - sk 2
TE M XA & e R B ER. 1283 , T 2 NS
PR R SN 2 RER GRS INEHR
KT BT IR R R A SR AR B R ok
ARIGL I ISR 10 5 DI, 98 15 2R R Rl 5 125 0
B DS RIAR 2 5 X BEA T Rl P, i BAR
RN R TR R IrE " s T IR 2
(9073 AR T s WU R A D R R T
DB AR TR B 58 8 D LA 2, e LD T
23 B Rl 5 D7 1 ARE RS B (9 ZRATRT B 142050 14
G, Ot HAse A (G PR AE 3 ) i 5 B b 2 7 A
FEE RN ACR.

CNNZRE

—fE#

BN L R, A7 T BE B AT CNN [ 2
REEEMG R A T IEBHR R 20k e 2 2R
BUAELLT =5 55—, EHSRHTIR RGP i (5 ik
FrRG , vE R T Rl PR 5 rp i il 32 i3 X HE JEE T 1
A TR AL 55—, SR I 38 7 30 B B A0 Oy 2R 8 2 vk
DU, R A 2 S R PR A5 B 1 15 S, S0 T
P N BT RE A TR G E R A Lt TSRS Y
A B 22 0 238 A AT AR5 ) 25 > B O SR A
IRETT , DRI 5 46 Al LASRARAE R R 04 23810 5

1 EHE T %

FHT, B R 2 W 2% 2 28 iz i TS
A K Ak NP ARS8, 91 B R R
I R R L R BB R L . 2
R 28 I 28GR A R AIE SR ORI 53 26 v AT 5 R e
AR &, FIREE- RS e 1 A CNN B 22 3R £R 1 {5
FOT B R, FEAWT ST 32 BRI R U 5
AR T T, 2 M 6] 0 A il 5 T AT L2 O W
DR PR A Rl 5 WU AR A T Rl . 48 Hh 7 16 O HE B
R 1 ps. WL ARl DU 4R A A R 8
55 BB AR ONN B4R —{H 5] /N X
SRE WA R A B B

FETOR TR J R 2 AR RS R 5 7
>R Lytro %3 5 1) © child ™ S AE  SE 50 X 42,
PRI RL G o AR AR 2 BT, 1 SRR A S
TR AL, 73l ARAT P ek UL 1] 1500 7 A 2R £E 45 B
Pl ARG IS S 1 B MU, SR FH 8 sl 8 RO R
S5 B AR NP [ 8 5 T S IR R
B T A R ARG BRI A RORR AR, JEix L8
FEARE S =N Z0)5 i) CNN RO, 3R X SEAE AR
B A PN AR 25 (B A 1 S A 26 (L F BT 1R 51 AL
BEINSE R R B, e, R B R BT —H 7
VRN DX SR 204 g Ak B, ARATE— 4 TE U A Y i 28 e
TR EL. AR B A PRSI X P PR RS AT R T A
RZH RS 5.

/NI BB fil &

BAE [ ME [ AR AT

Bl RHFEMESR
Fig.1 Framework of the proposed method
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Fig.2  Fusion process of the proposed method
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Fig.4 Partial multi-focus image set
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Fig.5 Fusion results of different methods for the “disk” image
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Tab.1 Evaluation results of different image fusion methods on the grayscale dataset
PEM IR PCNN pPC QT BFM FFIF CNN Ours
Oxur 1.168 8 1.206 5 1.210 1 1.208 2 1.176 0 1.184 4 1.2109
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Tab.2 Evaluation results of different image fusion methods on the Lytro’ s dataset

PEM R AR PCNN pPC QT BFM FFIF CNN Ours
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Tab.3 Evaluation results of different image fusion methods on the whole datasets

PEM R AR PCNN PC QT BFM FFIF CNN Ours
Onm 1.157 1 1.192 7 1.198 7 1.194 7 1.158 5 1.167 8 1.1995
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Fig.8 Intermediate fusion results of partial multi-focus images
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Fig.9 Fusion of three multi-focus source images
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Tab.4 Experimental results of different window sizes

TEMTEhE 4«41 8 8 x8/18F 32 x32/f4% 16 x 16/4%
Oxor 1.0252 1.189 2 1.196 2 1.1995
Q¢ 0.723 1 0.738 5 0.735 1 0.756 9
Qssiv 0.940 3 0.971 4 0.979 4 0.9855
Qup 0.737 1 0.791 8 0.793 4 0.7955
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Tab.5 Experimental results of different segmentation thresholds
PR AR 0 0.25 0.75 1 0.5
On 1.190 8 1.198 3 1.196 9 1.1918 1.1995
Q¢ 0.747 3 0.7544  0.7553 0.7498 0.756 9
Qssiv 0.976 8 0.9819 0.9821 0.9775 0.9855
Qup 0.7709  0.7917 0.792°5 0.7715 0.7955
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