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Abstract An adaptive multi-focus image fusion algorithm based on algebraic multigrid (AMG) method is
proposed for the capability to extract structural information of an image. The data of the coarse level is extracted to
reconstruct the image block, appropriate source image block is selected into the fusion result according to the mean
square error between the reconstructed image block and the original image block. For smoothing the fused result,
an adaptive strategy is used. Experimental results show that most of the clear objects can be retained in the fused
image with the proposed algorithm without loss of effective information.
Key words adaptive algorithm; algebraic multigrid (AMG);
multi-focus image

image fusion; image reconstruction;

FESREUEA N RRE M Z AR B &, |
TRZRENHRE, FPEIIENAFIRE )RR
RIS LLEOEMT I ZE R . — P R APV X T AR R
FERIAARAE AN R O B BE HEAT R4, SRS 7 5 B
Aab P v 47 L il A RS AN 0 A IS LU A I R 1 — T P
%, BhE RS FAE L N B A ST 2 T A HER
W5 E, ARG S YR m & m E IR
FESARMEE NE RS R . BGm A 2807 K g
) —ANEB S, 0] LASR R s TE R AR sk 1) P
R 2 759 BT R4« 3% BT (PCAYRL &
PRALECAT 43 AT (ICA) Rl A 7 V555 # a] LAH R =3 1] 5
Jiik, HE SRR A S R p e T A AR .
AR s ) 77 3 £ B N 7M. Contourlet i

Weks FI . 2012 — 02— 06; f&EIHW: 2014 - 11 -13

%, BEEZ PR ITER I RE, 20 PRl
BRI R T ECRIIR A, WiLaplacian<: 75577
ERL bR S Br il N I TR X
T AR Gu i) 2% (A1 77 v SR A AR . HeAh ) 7
P, WS, BUEE . CRFRENL. TR
B R 47 i« K% Fisher 53 43 B RURL T BEOL A0 SR 55
N 2 2 R E G A U, IS T R
iR,

RELZ I (AMG) J7 72 I 22 5 5 B SCHR[5)
Peth, FEAR AR 51— PR X R 22 51 0 A X A
& IE & AL 3% LA B POl BRI B 45 3 . AMGT
5 U 2 R TEA LG, AN T SRAE 1] 1)
JURIRENE, fEAA P IR ERECE G R, 2 AR

FEWH: R HZRER AW 700 H (kJ1400408); 5K i 3-S5 5T WA 78 %1 (cstc2014jcyj A40043)
PEF TR WA(978 ), F, L, miEdz, EENEHFEGARL., BRIRHIRN T 5877 HffiT 5.



Fi23 TR, 4B

A AT 2 RER GRS 273

1R % WL AE s U Fa i w2 RS AMG 7%
AR 77 PR A B 45 RoR AR R4, RVFTE
ToEER WA EREATRAR, BULTER 53 R 2 EE
AEFR AR . AMG J7 V2 7E G b 1 B F 2 B 1
IR FG AE R [E {5 2 0 i 2 4) 75 78
(PDE)E R, FEA#EHAMG 7 VK 3E AT Hd K i -

AT AMG 77 7 B T G Rl G AT T —
WG IR FE . AR S HT AT T, AMG J5 v 8 2 5 1
185 JE 46 MG 2 (R I35 77 22 R 1 - b e e R 1)
TEWRE, A DU RIE S 2 RERB MR E. 4
FE G T TR EERAUBCN 2 A AL R ORAIE fil
HEERINESENE, T WE 5 H I — L HUR R 1) 45
Ro ATERHIIX 4R, RCRH T BERM 5
B iR AT bR

1 BE&GEEEEMAMGERE X

11 EgrEEERENT

AR BT BT RN & R
L AR, R —F 2 RERIRE .

TSP 2yl A A2 B BT L R A v, R
18 oA TR B B SR B AT I YR il e 24 P i
HEIUE, Rk h:

1(x,y)=¢,1,(x,y) + 4,1, (x,») 1)
X, ¢ Mg IR E, —HRiEEMNL.

ANBEITIE ) FBEARIBAE T e B I EA R T, X
TG I AME B A5 BB BT e I RE
o E—MREME /NI R, A EBOR BN
o AT 2R BOnT I8 A PR AG Hp Sk Ll R AR 8 5 K P
fE, anih . L R X IR R . 386 A [R] i
G0N RBCGI TS, AT DK b R 2 ) B AR AR
B, K& h:

1(x,y) =W HOW (I, )W (s (x)  (2)
S, WOR/NBE IEAR S, T W RN AR R @ ()
JERAFI eR
12 AMGEAIRHEBREEZL

AMG T BN R4, e I e i SR
R RRAARGHE R, W R T ER 2 8] AR
KRR s A% . AMGTT VL ISR gt
RIET R — BRI S Au=f . B, X
AN Q,  FIE— NS 7 51 -

QcQ cQ -8 3)

AMGTVE N ~FIE A NS IR 7R
ST R AT DOREORE S B 2, TR AR T
LR DU AT LA IS M G RS Ay B, AN

AR ILIRORE By AL FE ) . AMG 7 V2 1) LAk JEL B 2
JeAEGH IR EARA SHIEAR, ARG R ZE R EIR —
I T = T T Y € VT W VP = e G O
RIS Sy KR, HBIBHN—)E . fER
H—ZHEREEKRME, A5G EE TR0
RZAEIRE B AW L, HUMEIEEG SR, HEIR
M — =

XTAMG 7 145 2 IR 2 2 m 347 70 #r, A I A
rhroe R B SRR 20 T L L9 1B 8, B IX ML
il S B R AL EE, 7] LR IAMG 7 VA AL 1 X A
A AR B ECRH I ERE B . FEAMG T RAL I
SIEEAE, AR ZUR AT R RS,
IR 2 R AT &) . AMGTTVEAETH B
FHIA ST, RRA& 5 B 2 AR 4 R b ) AR AL 1 0 T 2
AF o WIERAGIS IR A6 B 2 v A% R S5 T, BAER
Pk, EEORK BEARASFIEIX, RS 2 FE RO R R
AECACHUN, 17 249 2K BE AR A SURIINE, RS 25 B AR
M AR, X RAE— R BT
AMGHELE P B N A% IVE ] o AR A ARe i,
FHPI RS b2 AT R EEAL,  DRDRE RS B e DR
T EMG I, BRI nT DAS BRI EE A 4
% 8 AMG FFTRH WY A% 7 51 1) R ER 5 A 42 R R A ) A
A5 BOX BN A2 BRI K BEAS BB BT, By DAH
RS B AN, 220K B J2 P R o ) R0 B 3 Ji
IEEMR AN, IXFEA R AT BB B4 3L
e

R LA e, (8 FHAMG 77347 G E
LR

1) wEEEB A, FIHAMGEIEMGRINZM
s Q,Q,,+-,Q, , i HPythonis & 4 5 1)
PYAMG I 11 % $ruge_stuben_solversk 2 ;

2) EFXTRE— ML, Wi —A s E G4
FE RN EIR L, L, 1y s SN.Q,Q,,-++,Q, T
NI E G AR 1 XA B R R E RN, H
fth Az B O IR:

3) HfE, K Q,Q,, -, Q, F AOKIER X B
L1, 1, PRGSO 8 RS 2
EUE 1,15, 1), -

2 BlSmMEEZENDRER

KHAMG 7 &R IR G M JZ 508, kAT &

#, BIEREMER S E R 2 1k R ST %

(MSE)% 7R . MEBIEAT /-, Xt 43 Bt HMSE SR
FRGREEG . HERSRSWANEEIZRZEFMSE



274 L N

44 %

(122 KT EABMER, 7T E s Ras T A
TEWTLE, WE e, Bk BUE O R
G55 o T 245 U MR IR 22 /N T S A AR gk
X ] e IR L — PR 1 s Bk R A
BT REANEWAA, AR AL WA LE AR S
HE FHAMG 7 VA B e 2 s b, Rl 8
HEFSHMEERGHEER DN, WELFR: 5
— PR DL LA PR B TS AR R N4,
Kl 1cHiR.

MSEA=4.267 5 MSEg=111.293 8

a. gr P AR R
MSEA=8.012 MSEg=9.163 8

b. e 5 DX bk
MSEA=10.941 5 MSEg=8.691 3

C. Iy HH LS TR R B

BIL 72 b A R R I
BT IX L6 7 B oy AN T B AT B A, R E
BIFANTRmER—8, BS E—Rothpigd R
—E, MR RGN, BEEARES RIEHE
EREUG B A S5 RED AT B HA 28 —

TEOL, X 7B TS M RO R L R, A

I.(xvy)  MSE, > MSE,
QM°:{1(x ) MSE, < MSE @)
g%y A B

BT I3 R A AT TR M OB B K 15 5L, SR E
TR PR TT IR AT A B AR A 1% B S L
Ty YIS, X AT DA AE 2 A7 1) b A A 4T
LGB R KIREFEARIEAT FIE . IR PAETAT7
[ EAREEANR T4 58 BB TIN, W BEAT FRie, 752
HBE— DA EE . R PSR AR L G FEANR T

18, WE2apR (KT BMERZ R AR IR), WF
TR D, W H A T H (B R B IX
SRR ) AT P I BB AR ARSI A UL L
#WEA LRGN, nER2bprR, WEEH S —E
BIFHREAC

CR R RIBULY R IDN
TBUE RO

K2 syt gt

b. 3ANHHABIL BB EEAIR
THREKR L

WA IR0, ARSCRLE BE R R BRI

1) FIHAMGIEEURANEIE 1, 5 I, I Z
s 2) B BRI PIIE B sad, R E 2
PEXT R T A, K Matlab Fgriddata g £k
1T WA E G5 145 5% B R s He 2 8] 1
MSE, 185 AR EUR 2 0 12 KT A BE,
M B B Bt B ) B e N A 45 s 3) Wik A
REUER Z (R 22 /N T3S BME,  WRRYE 2 He 1
DUIE A S TE TR B 4) SR de
T RO, gk gl oy M, fe IR 245
JRNHEAT AL T, R E 5 982), 5) ELAFTA HIB 6]
(6 B2 AL/ NTF RS, ZabiZidfE, HRlmssR.

3 SBHEREEDR

AR SCASE F B R R VR ER an 3 s« 1
A9% Xt clock ASE B HIRH A ] o MCRH I A 1 25 SR v
ATLAE H, AMGHESEBUIA G RHERECA . B
HA I DR B T P AN SR 10 RN R A ) R BT A
7, Elac Eldarb A M eh R 0 R EIROR,  RER SE T
Wi ) B H R i LA B

TR A% 0 B 0 Sk it 1 33k 7 55 2 i 45 R 5
Fios. BN, 980T LAE s I EHR
RS H AR AT R 2 o B3R R 4 MG Y EE AL &5
R 5 FHEGH LR INRLFTR . NRLF A LUE H,
BE ot — L fE L4544, Wmeningg &, 532 RN A%
R B TR E . SN LR R A5,
fricombinel®, 7E%— EHHRESRIBF ISR, Y]
AMGJ7VEX T SU L G5 W R BB LU A A, 1672
XfclockAFIclockBiEAT Al & f5 I 5 HAl L 34T LE
BHI45 58 . PCA. Select minimal. Laplacian. Wavelet



#2

P A RS ST 2 RE R GRS 275

25 )5 A8 F Imagefuse T 2L 528 .

f. eggplane

g. combine

K3 S i A R R R

h. meningg

a. SR AL b. & FHALE &

¢ AL R0 O
B4 I FIACK 2 SR A% A5 21 1 22 2 R (U B 12 -clockA)
MBS AT LA Y, KRS T7 A RENS 4R )

o IEm R, EHAM R ER T REE B
B2 15E R . Select minimal J7 ik 595 & K14 H 15
FREEAE /N UG AT RbE, 80N T BRI LB .
PCA T 15 N Rl J7 7240 2 5 R i i s PR AT
LMHE, REREMRERRAR, HERZEE
KTy R GRS B . Laplacian 7 A1 /N Bl & 5 v
TEAR IS EAT RlGr,  FLUR T IR DG B2 G B T 11 5%
ih, AERERAEAE AR Ml 5 R A5 RS oL, a0 N7
HeEREGNEIES .. A7 S 2 m
AMG J5 iEFE i ok T i SR A B, 3 s kAT
B, WAHMEEGEGUE, B EEGH 6]
HEATRR BRI, SRR BE B /IMb, ARIUE T B ]
HESEME, W T RPN A R .

a. BB R EA AR
KI5 RS — RS — AR R B AT S A 4 R

b. = ZAE A &

(JF % :clockA)
x1 FRLI~3EHEMEHITERNSER(EAMSERTR)

o R

Y clockA clockB face
1 8.82 31.32 10.21
2 31.31 46.35 29.71
3 89.47 76.80 70.01

"y U5
R 1R :
eggplane combine meningg

1 11.76 39.19 1.83
2 41.18 132.26 4.37
3 102.80 283.08 10.29

P 7 72 disk A TN diskB 1) il 2 45 5 3 5 HoAth 7 i
AT T . MEITHISE R AT AR, AR SCHIETE
KR R AEAS I I B B R R R, (ER: 243
FVBR (30 2 ANAE Ay BT S, 272 — L JRy
[ /NERABRS, I 2 2 Bl & iR B . (A
S5 B P R A DR 4 (1037 WA 43 AR B TE R
R, BRI LR B FE AR T m A
SEAEWMNEEG PRI EA B, X2
ASCHE R A 1 — A S EH /N Laplacian®s
Jiik e MWL G 2 1B i B R SR, A {E fh A
Tk AR IR R, (H R 45 ARG R .
AL HERE NS BT A B PR TE T A Ly, B



276 L N

44 %

N T SRR RS RE T .

a. WEAG T

d. Laplacian/7 %

e. Wavelet /5% f. AR

K6 AT HAM AR L

f. ATk

e. wavelet /7%
K7 disk & A iR 25 2R
N kB I A2 T R, AR LA
HA SR BB TE 18 SCH BRAG 10 B R BEAT X EE I,

x5 Jyclock G . A3 Hh F B 3 B ARV 65
WA (5 M ELPSNR . BAZ B $77 1% ZMSEFIZE I
o RONGHAMERRT R, WER2H LA
Hy RS EHPSNRAIEAS Bk, 28 XU AMSE
w/N, ShrdEEG SR L, BH ERMES
A s B, WA AN — e R R EIAR S
Tk .
72 SREXEERMELER

ik MSE PSNR %&g TX HER
AL 21.8 32.7 6.98 0.04 2.94
ETRED s
%Tf;fi;]m 85.9 28.8
%iﬁﬁm 68.0 29.8
o
;Sﬁifgfﬁm 7.37 111
ggg%ﬁﬂ 434 37 744
bRt U - -- 7.06
4 & R &

ARICH T — R T AMG 7V 1 3E B R
MG L. SEIR A RRWIA IR B ZRA MG
B RENS RO FE MR T I M O B AE R & R
Ho ARSI AMG I F — B I AMG 7 157 figf ik
PDEJS T IS, 1A SO 35 B AEARH 22 WS g
FARME G A TTIRE ), RAE—E R YR
AR S E R T TR L AT

& £ X M

[1] SHAH P, MERCHANT S N, DESAI U B. An efficient
adaptive fusion scheme for multi-focus images in wavelet
domain using statistical properties of neighborhood[C]//Proc
14th Int Information Fusion (FUSION) Conf. [S.L]: [s.n.],
2011: 1-7.

[2] WANG M, PENG D, LIU Z, et al. Image fusion using a
contourlet HMT model[C]//Proc Int Symp Intelligent Signal
Processing and Communication Systems ISPACS. [S.L]:
[s.n.], 2007: 678-681.

[3] SCOTT J, PUSATERI M A. Laplacian based image
fusion[C]//Proc IEEE 39th Applied Imagery Pattern
Recognition Workshop (AIPR). [S.1.]: IEEE, 2010: 1-7.

[4] SADJADI F. Comparative image fusion analysais[C]// Proc
CVPR Workshops Computer Vision and Pattern Recognition
Workshops IEEE Computer Society Conf. [S.L.]: IEEE,
2005.

[5] BRANDT A, MCCORMICK S, RUGE J. Algebraic
multigrid (AMG) for automatic multigrid solution with
application to geodetic computations[R]. Fort Collins,



Fi23 TR, 4B

AR BT 2 R GRS 277

Colorado, USA: Institute for Computational Studies, 1982.

[6] WATANABE K, IGARASHI H, HONMA T. Comparison of
geometric and algebraic multigrid methods in edge-based
finite-element analysis[J]. IEEE Transactions on Magnetics,
2005, 41(5): 1672-1675.

[7] TORRES-MADRONERO M C, VELEZ-REYES M.
Integrating spatial information in unsupervised unmixing of
hyperspectral imagery using multiscale representation[J].
IEEE Journal of Selected Topics in Applied Earth
Observations and Remote Sensing, 2014, 7(6): 1985-1993.

[8] DENG Juan, BAN Yi-fang, LIU Jin-shuo, et al. Hierarchical
segmentation of multitemporal Radarsat-2 SAR data using
stationary wavelet transform and algebraic multigrid
method[J]. IEEE Transactions on Geoscience and Remote
Sensing, 2014, 52(7): 4353-4363.

[O] fT5% 4, M, ®iz, ¥ ZHREZELZELSIRES
AT R[] AL AR, 2008, 31(3): 486-492.

HE Gui-ging, CHEN Shi-hao, TIAN Yun, et al. Synthesis
performance evauluation of multi-sensor image fusion[J].
Chinese Journal of Computers, 2008, 31(3): 486-492.

[10] VEKKOT S, SHUKLA P. A novel architercture for wavelet
based image fusion[J]. World Academy of Science,
Engineering and Technology, 2009(57): 372-377.

[11] LI X, HE M, ROUX M. Multifocus image fusion based on
redundant wavelet transform[J]. Image Processing, IET,
2010, 4(4): 283-293.

[12] ADU J, WANG M. Multi-focus image fusion based on
WNMF and focal point analysis[J]. Journal of
Convergence Information Technology, 2011, 6(7): 109-117.

[13] 57 F, %, RRX=. AT DA E#AARBHIEN SR

BRI aRAS RN Bk Tk kK F 4R, 2011, 29(3):
454-459,
GUO Lei, CHENG Gong, ZHAO Tian-yun, A new and
effective mult-focus image fusion algorithm based on
wavelet transforms and neighborhood features[J]. Journal
of Northwestern Polytechnical University, 2011, 29(3):
454-459,

W OB ORRE

(L35 244T0)

[7] =t A, €%, & &, F. 10 GSPS# F =T H 5 A4 H
RAF 5[] B AE SR, 2012, 33(12): 2688-2696
YE Peng, ZENG Hao, PAN Hui-ging, et al. Key technology
research on 10 GSPS digital three-dimensional
oscilloscope[J]. Chinese Journal of Scientific Instrument,
2012, 33(12): 2688-2696.
[8] 2241, =t R, ¥ HFTHB LM =412 &4y H st
ZEA R £ F M E 5AE F R, 2010, 24(11):
1018-1023.
WEI Li, YE Peng, ZENG Hao. Research on software
mapping technology of waveform three-dimensional
information of digital oscilloscop[J]. Journal of Electronic
Measurement and Instrument, 2010, 24(11): 1018-1023.
FR, Bk —HETEAEEFRONFT TREAN
ICYIF BALE AR BB Rt &, Bk %] [&
M Ai%], 2008: 280-283.

[9

—_—

JIANG Jun, TIAN Shu-lin. A display luminance levels of
digital oscilloscope[C]//Chinese Instruments and
Measurement and Control Technology are Reviewed. [S.L]:
[s.n.], 2008: 280-283.
[10] kv, ERF. sh&KEIE R REA PN T E
AERI]. LB AR F 4R, 2012, 33(1): 42-48.
ZHANG Qin-chuan, WANG Hou-jun. Research on system
model and evaluation method of dynamic acquisition
process[J]. Chinese Journal of Scientific Instrument, 2012,
33(1): 42-48.
[11] =t 3, ¥, @l=, ¥ XFEHTLZ LB HRE
MR 7 k&[], &SR, 2010, 31(6): 551-554.
YE Peng, ZENG Hao, XIANG Chuan-yun, et al. The
testing method of waveform capture rate for DSO[J]. Acta
Metrologica Sinica, 2010, 31(6): 551-554.

W OB ORRE



