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Abstract: As the Non-negative Matrix Factorization (NMF) algorithm has a higher iteration time com-
plexity and the Gradient Projection(BP) optimization method can significantly reduce the NMF itera-
tion time complexity, an image fusion algorithm by combing the Improved PGNMF (IPGNMF) and
Nonsubsampled Contourlet Transform (NSCT) is proposed in this paper. Firstly, the registered orig-
inal images are in multi-scale and multi-direction decomposition in NSCT domain. According to the
characters of the different areas, different fusion rules are designed in the NSCT domain. The low-

pass sub band coefficients used as original data impose to the IPGNMF algorithm to obtain the fused
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low-pass sub band coefficients and the band-pass directional sub band coefficients impose to the Neigh-

borhood Homogeneous Measurement (NHM) algorithm to obtain the fusion band-pass directional sub

band coefficients. Finally, the fused result is obtained through inverse NSCT. The proposed algo-

rithm has been experimented on two groups of different scene images,and experimental results show
that it superior to those conventional fusion methods based on NSWT,IPGNMF and NSCT in subjec-
tive and objective standards. As contrasted with NSCT method in two group images, its entropy, defi-
nition and Qusr have been increased by 0.0627% ,0.901% ,3.1201% and 2. 769%.2. 203%,1. 049 %,

respectively,

Key words: image fusion; Non-negatie Matrix Factorization(NMF) ; projected gradient; Nonsubsam-

pled Contourlet Transform(NSCT)
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Fig. 1 Structure of Nonsubsampled Contourlet Transform

1 75 2 b — g3 gk (8 AR A 43 1 LAAH ] 19 5 X0
iffe s K6 B — A A8 U 25 4 L3R B 22 ROBE 43 i 1) E 1
7 ORUEE T I U8 U AR 00 AR R S X R o [ —
(/29 Cae/27) J% T AR NN 149 5 30 08 90 45 174 JHL AL 40
B A [ — (/277 (/27D PP/ —(=/
2. (/20 ], BME% L RAERFEIEX DS,
AARE] L+ 1A 59 R E A R RSE /748
B, B ARy 2 HA 207 19 o3 P B R AR R A T
] W& % 28 20 %5 # ( Nonsubsampled Directional
Filter Banks, NSDFB), NSDFB /& # F Bam-
berger F Smith F#4) 38 i bl & 5 1) 38 0% #5% 41 7 42
WA IR B AR AL R T 5 1) DR A A PRy bR
FEFNT SRAEZR T, XS 5 1] 38 3% 5w 25 v AH XS 10 1Y
UEUE AR IEATHER A BE D= (1,151, — 1) RAEMG
BIR LA 3 BroR . XF NSP 2 i i 5 —
RUE T W7 B 4T L %7 1 4y f# I vl 45 2]

25 A5 R AR K /N R TR /4 A 38 1 1 AR
T S B4 285 L 2% NSCT 43 % J5 71 LLAS 3] — A4~

TG TAF QR D) 24 A3y 1 T 14

Hy(2)
Hif2) L] Hi(z')
u Hi(2) I
H(2) = )

D .

B2 BRI = g0 8 BE 5 i

Fig. 2 Three-channel nonsubsampled pyramid de-
composition
U[n(:@)
Un(z) Yo
[ ﬂ‘ U\(z%)
N
x—
Un(z)
U‘[[Z) —
- Us(z%)
i
&3 SR Ty 1] 8 U A% 21 40 1
Fig. 3 Decomposition of nonsubsampled directional

filter banks

3 RSB HBHEIENIEE S B

3.1 AEREFES#E (NMF)

47 JE % /> % (Non-negative Matrix Factor-
ization, NMF) J& i1 Lee 1 Seung T 1999 4 7E
Nature E4H A9, 3 HAE 2000 4E3E B T %A
S L B RS TR S R f
(B CELR 2l vk 9 # 34) , JF L IR i 52 B0 3E 21k 1Y
YR8, HE SCAE .

Xf—A M AR BENL ) & v #E4T T N RO
WAL LI A o5 j=1.2,, NJIUV=[V .},



1146 e KE TR

519 &

Vs, Vonlo P Vo, =v,j=1,2,, N,
NMF ZR ABIERA MX L BYFEE W=
(W., W, W. B LX N B REES H=
[H.,,H.; . H.y ], ff VaA~WHY ) 3% a] D)
P AR BB G 34 80 # UM V.~ S
W. . H.;, X LN LE(M+ N) L<
MN,

Xof 5 3 7 R 0 A ) A0 SR AL Sk T S R
SRS T-23 18] WOR HLL B B9 WA B bR o6 5
FRRN

M N
ECV [ WID = || V=WH || 7= 2 2 (V; — (WHD;)*,

¢h)
DV || WH)—{ZU:I \Vi,- log (W—H)U—Vﬁ +(WH); |
(2)

Hrpx (12, Yiva. j W, >0 H H, >0,
| « || & Frobenius 783, (1) & Euclid 15 &,
()N K-L BEmE. K VAWH (13T o f# 5t H
TR AR D (2 TEAS B br R iy Ak n)
3.2 KB EIEER S (IPGNMF)

NMF 553 1) B i) 2 4% 3 AR v, B3 3 1 B 4R
P BB DA A5 O Al B A B BT DL S PR
HEARKLI S A4k NMF J7 ik 4 3 3 8 ik 19 1
ek HE B, NWE R ME I RE. NMF
e — P R AR L AT Ak L AR b
LY LA b AT AR 22 Fh o A S0k < an e
AT 52 B3R B SR/ e BB T B A
B EE LAY A B (Projected Gradi-
ent, PGk J5 i i K I NMF 2 sk
TR AR R] R B ] 5 4 BE L A 45 NMF 76 K 408
A TP L FH v A S B S T LS LA B R SO A
B A TR0 B A R A SR BE B DL R B[] 9 FE
KIFFEAR 4S5, Lin C J 78 2007 4E48 ) —Fpik
PR AS E H 7 1 IPGNME) , K KRR T
B R A, AR R R

NMF 23 5454 W F1 H #4953 2 7l e 5 4 LA
T AT )

m}in?(H)E% I V=—WH | :=2 3V, — (WH) )*
i
subject to H; =0,V r,j , (3)

minf (W= | V= H'W' || =X XV, —(WHD,)’
i

subject to W, =0,V r,j , 4)

Xt ()L A H & RTEE R R BB A=

P(H—a V fCH) FHSai45 8- Hoy A, XD

HE A [ BE  RL U B 07 . X LA R B e Ol P

() =max(0, ), BCF 0 Wil fg KAE ., #EH T

Y o R, A K I AR I R 5 B B T v SRR

I IS5 S L TR 7 (1

Stepl:fi AJE U BE V, A2 5035 51 50 A6 Y BEHL W

L H AR EARPI IR E

Step2: W T EM 0<p<1,0<o<1, ¥ o =1,

A SCHL B=0.1,0=0.01;

Step3: X EARREL k=1,2---,

Qo< 1.

@ & o WL

fCH D) — f(HH<a V f(H)T(H"'—H) ,

(5)

M o< a/B EHBNA R X G HH H(a/p) =

H(a) ;45 a ARG N <, + B E 22

5,

@ #% H"'=P[H'— 'V f(H") ],

Step4: Ji| Step3 ki E W,

Step5: Kz H'F WH A5 0 I 2% AR08 1k A 1

(5) 2516 2 I 1 W Rl H, S 2 0 85 42 Step?

~ Step5,

KiiF H=P(H— o V fCH)) B T 75 B 19 I i)
FOCamr), EH ¢ 4~ H, I 4 W6 5 4= 5N
OCtnmr) o R T B BEAK S 8] 52 2% B2 8 o 1Y 2%
PFAFBR

1—o(f(H,.H—H)+

- (= HL (W'W) (H— 1)) <0 6)

KO E R FELETWW) (H— 1D, H i ]
HREHA Otm),
3.3 15 IPGNMF A TE&R ST

PG R r 9 R AR Ry L ST PG A A () A
A R TN a1 7
NMF 535 T B & Rl G b, nl B0 S o B A7 5
BUG Fie FRAT B S 1 =X AL B 9 JE B V2 Hh A
R HE R WH FITT 50 M o AR 3 19, Horp
Fera) B WO bR UEER . H W ACE R R30I,
MW RS IR AR B g =1 B, WAL E T
DG S0 1 R PR R AE L AT DL T U TS 3T R
W BB o M T sk, A A T R A



& 5 ]

W 8 W5, 55 R PGB B B A GO B 23 % FIAESR AR Contourlet ZRH -+ - 1147

ik 2 E AR gl A B Y, IPGNMF J& £ 4t
NMF () — M 8k, R KRR T AR
&P i A NMF 76 R8s 42 b i i F A8 S 352
UL, % IPGNMF L HF EHR AL A & 58 2 v 17
[

4 IPGNMF 5 NSCT 484 4% &
mk a5k

4.1 FEA M A% EL

— R UG 0 3 (LR 24 R A 2 s T 4 3k
(R AR 4 o T30 358, b 4 s A0S 4 3R B 1 R 340 %
GO R MR B . A SCRI A NSCT ik,
R Al A BRI = AR o A7 4 8L AR R
X v ARV AT 43 R A 43 1R A T 5 B D)
HEAT AL PR, X AR RE 98 HAN R T i & Fh 485 (5 2
i A RS LA R 4 T B T DA R R R A 1Y
AT B

IR 3E T4 R BOR AR 43 9823 T % 4k B R Y
UEARL, AR B e RS A8 FE AR A 5 i 4 L X I g
JER S R AT T MR B . DR HOAS SCHE AR T AR A
A F S IPGNMF 83 15 3] 7 40,2 7 i U5
PRG54 K Al 4 MR R AE 19 b A R AIG 38 F7 &R
o 5B SR R R sUASUR DX IR 1 i A 1Y
FillA T A IPGNME 2% 5 9 i 77 4 1RR
AR HEAT LA, BT T 24 AR FE R S RN
Tl A R S AR 05

A5 7 ] T R ORI T BRI A0 fE
BN g 2 A UL R X B 1 A R A
2 H AR R A R AR R EMR S g fE R .
W AR SCHE A% 7 3 7 T) T 3R B LR 3 AR B —
FOMEIEE (NHMD [ J5) 38 [ 386 5 @l A 80, 58 i
TG T IO &8 48k 1) — SRR B e o 2R R R D) 1 i
HUCIX S8k A RN 255 RO L 15 31 @l A % Y 45717
W TR 5B R R R A R K
RN IX I 2 16 B Al A R A L, NHM X —
ST FE A [ 4B 35 3 07 b 2R BOAS [ 19 k45 0 )
A RCH R BT U TR 2 T 40 R Rl A R
A ER,
4.2 FEURE

WO A E KGR ACB @G KR F.
A AAERRME 4 LI T .

NHM,, (m,n=

A

oy ~|='.ﬂ g

i B — NSCT

B4 mAREmERRE
Fig. 4 Flowchart of fusion algorithm

(D FFREBR A BitAT NSCT 2 RE 7 fif .
PR A RO 7 1) 73 R (C) Gmy ), CF
(m, )} {CF Gmy) G (my )

(2) Xt A, B ikl 1 R 4L C,{?(m,n)%ﬂ Cf’)
Cms ) P TE IR A6 FE V

Vel D@

U Uup
(DO vy Fvy SRR ER A B BENMER
HF AT ey o KA R ) & . n S UR R
MR R B, XV R AITA S 3. 2 W ik i
IPGNMF 53847 43 o o3 i B A5 19 W RIS il
FEMR F MR 74 R 8 P IPGNMF 57 ik
e, i KB ROB 1 000 W, K o MR LAE a0
=1, B KER A B=0.1.6=0. 01",

P ER AL B B & 8 J7 W1l R AL
CCm, ) AL CE L Cmy ) B FH — ol 3 1 4 30— S ik
i B ( Neighborhood Homogeneous Measure-
ment, NHMD 15 # 5 38 5 @A 0, 58k
T

2 > )\Q‘,\[(mnﬂ G Gmm] )

(b DEN,  (men

EYGmsw+EX (msn)

®
L ®OF E (my ) FTom 2V HRT i i EWY
ARIRBE . NoiCma ) A LA Cma ) LY 3X3
R, NHM SEFR b5 1 9 i B R 408 50 1
— B, — BB R U NHM Bk, nT LR
i OSSNHM, ,(m, <1, & XICFL{H T
WO 5<T<D , AXAN LW HLEKHE. T
SRR /0 | PRI A R B o o 5 5 /)N fHL
RGBT EAE LT R BN, LR E A



1148 Gr KW TR

g b5, LA R VB B (E T=0. 75, il J5 [m)
T AR R
M NHM:, (m, <T,
FCmenw = (men) if EY(my ) =EP (m,n)
cCmyn)=c,Cm,n) if E}Cmyn)<<EPE (m,n)
¥ NHM, (ms =T,
¢ (myw=NHM,  Gm, ) * max(c;(msn) & (msm) +
(1—NHM,, (m,n) * min(c, (myn), ¢, (myn))
(3) X (2RI F B fl & R BT NSCT i 48
e, 152 E G EA F,

5 BAETETBERLE I EINH,H

5.1 BMAXR

BT WIEAR SCHRE A AR A TR Y T
A 5 TR s Ak 1 W A SOk A e L
BT EUR I TR A L A — AR R A AL
ANFAT WG RS I 5 Ca) (b) ff s . 45 — 20 R il
B ZBEEMR I 6(a) (D) FTR, HEET 3 Fh
AN T 1l B B 5 R SR B RS 4 iR
NSWT 9 fill & % 1k . B R H IPGNMF (1 il &
Bk MR F NSCT W al & 8k, Hop 3k F
NSCT Bl & 5 125 1wl G 000 oy . I 3R B0
DX S A8 A 0 K S R A 2R B AR SO A
FHIA, R NHM 2. fil & BG4 an i 5 (o)
(d) () (DFNE 6(c) (D) () (DR,

x "N
===

(b)IEIREB
(b) Original image B

e

(a) 5Pl 154
(a) Original image A4

()T JERbEE /Nl R () FIPGNMF#L0
Rl IR A E R

(c)Fusion image based on (d) Fusion image based
NSWT on IPGNMF

()3 TNSCTHERE K5

(e) Fusion image based on

(DA %
(DFusion image based on

NSCT algorithm in this paper

5 ZLAMFITT BLOE G Rl A R

Fig.5 Fusion images of infrared and visible light images

(bl E{%B
(b) Original Image B

()= {5RA
(a) Original Image 4

() IET{ERlbE /) i A (IETFIPGNMF R LR
f & [E SR e E

(¢) Fusion image based on (d) Fusion image based
NSWT on IPGNMF

(e)EETNSCTHYk & 55

(e) Fusion image based on

(OASLF

(DFusion image based on

NSCT algorithm in this paper

6 ZREEGIRSEIGR

Fig. 6 Fusion images of multi-focus images



& 5 ]

W 8 W5, 55 R PGB B B A GO B 23 % FIAESR AR Contourlet ZRH -+ -

1149

5.2 LWERNERULNM

AL RO AR o AR E R B X T
S —4LZLAMRIAT O PR AR SCHRIE 1S B Rl A
FGR T TE AR AR 15 LAY S35 e J3E i 2 7 TR 4
TRIAE T Oy PR T 3 MR
PLBERIOCR B4 X2 A 2 R ARG AR SCRIA T
I B Rl PR S0 TR WA o 25 1) 20019 DR 45 BE T 58 L A

TH A 3 ARk .

i T RE B 4 T M AR SCRDE O A RO L BR
T E A5 8 75 5 % WLV 45 b 8OE
ST AR SCOR TR B 15 B0 . 15 I B R0 SCRR
[14 32 Y Q PR 45 45 3 b I BE 18 A5 ok Xt 4 F
PRl & SR AT E AT O Hig R T B AVE
LA S R mE] . S5 R IME 1 PR,

x1 BEERNEWITMH
Tab.1 Objective evaluation to fusion results
S5 R S— A ER el R A
HREEM F Ik REM TEWAE QHER FENT /s B TEWRE QHER FERT /s
NSWT 4.582 973 0.021 369 0.715 389 14 5.057 854 0.032 189 0.899 423 8
IPGNMF  4.882 239 0.026 633 0.741 868 17 5.210 419 0.041 762 0.946 190 10
NSCT 4.896 576 0.028 898 0.752 115 176 5.247 880 0.049 017 0. 985 640 122
ARSCEY: 4.899 646 0.029 158 0.776 178 168 5.393 207 0.050 097 0.995 981 117
X TR 1 B I EE 25 2R O3 B L AR P A R
B RlA T A SCRE I SR TS R Q 48 6 % ®

FRIIR T HAh 3 Fh %, 5 H Ao SCER v iy 2
F NSCT il & 5240 e, 55 — Al & EZ o ) 2
W1 0.062 7% .0.901% 1 3. 120 1% ;55 — 2H
ARG BB T 2.769% .2, 203 % FI1. 049 %,
FERERS J7 ] AS SCH LB AR R T R AR SO
Hid s TPGNME B33k ol fift 7 SR Rl G, A
F1PAEL. S NSWT Bk L, BRAEFERT I
A B ABTE @l A BHR BT EL R Y 3 A PERE R
B, B8 7 NSWT 503k, X Ui B T 8 X [E44 i
RO AR R I X S A R R
IPGNMF H] e i B4l & 89 a7 P, R B —
LT AT WG BRI — 41 2 R L R EA T Rl A
SEEy WU TASCE A —E S,

S & Rk

[1] CUNHA A L, ZHOU J P, DO M N. The nonsub-
sampled Contourlet transform: theory, design and
applications[ J]. TEEE Trans on Image Processing
2006,15(10) :3089-3101.

[2] LEE D D,SEUNG H S. Learning the parts of ob-
jects by non-negative matrix factorization [J]. Na-
tures 1999,401(6755) :788-791.

[3] LEE DD, SEUNG H S. Algorithms for non-nega-

tive matrix factorization [CJ. Adwvances in Neural

AR SCHEH T —FhHF IPGNMF fil NSCT #
455 W EHR L G 5 % f IPGNME 5335 1 A
NSCT 43 fif J& 045 22 500 Rl B0 0] b, 75 3] 7
A g B4 A5k SR 30 A% T 4 VR RIS A Rl TR 1% BE i
% O BR VR LR 00 60 15 ., SURE 9% A R4 IR 5]
B A5 B, 78 F % U & i LR T
NSWT, IPGNMF #l NSCT % #. [6 B ¥
IPGNMF [ 8 5 H T EHR Rl& b, 5286 25 21 R
T IPGNMF 5k A F P ol 115 il & 1 m] A7 1%
S XoF 4 ) T 2 AN ] 2 A ) R BEAT Rl A
SERWULI] T AR —E WG,

Information 13,  Denwver,
2000:556 -562.

e, EEA ST HERE R 2 RERRK
AP IE)]. 5 F R 2005,25(6) :755-759.
MIAO Q G, WANG B SH. Multi-focus image fu-
sion based on Non-Negative Matrix Factorization
[J]. Acta Optica Sinica,2005,25(6):755-759. (in
Chinese)

NOVAK M, MAMMONE R. Use of non-negative

Processing  Systems

(4]

matrix factorization for language model adaptation
IEEE

in a lecture transcription task [CJ. Proc

International Con ference on Acoustics, Speech and



1150

19 %

L6]

7]

(8]

[9]

[10]

[11]

Signal Processing, SaltlLake, 2001:541-544.
GUILLAMET D, BRESSAN M, VITRIA J. A
weighted non-negative matrix factorization for local
representations [ CJ. Proc IEEE Computer Society
Conference on Computer Vision and Pattern Rec-
ognition V1, Kauai, HI, 2001:942-947.

FENG T,LI S Z,SHUM H Y, et al.. Local non-
negative matrix factorization as a visual representa-
tion[ CJ. Proc. 2nd International Conference on
Development and Learning, Cambridge, 2002:1 -
6.

DO M N, VETTERLI M. The Contourlet Trans-
form: an efficient directional multiresolution image
representation [ J]. IEEE Trans .
cessing » 2005,14(12):2091-2106.
BAMBERGER R H, SMITH M T. A filter bank

on Image Pro-

for the directional decomposition of images: theory
and design [J]. IEEE Trans. on Signal Process-
ing, 1992,40(4):882-893.

LEE D D,SEUNG H S. Algorithms for Non-nega-
tive Matrix Factorization [J]. Adwvances in Neural
Information Processing, MIT Press, 2001, 13.
556 -562.

FR.FRECEAEERESRI]L 7 28R,

EER N

BEEF (1985 —), B, )7 ARMWMM A, 1H
LRI 2007 AE T ETTRS3RAG T
e R L A SN TR PR D
B AR mh A % J7 1 B 5. E-mail:
xmuyyt@163. com

BEMMR (1983 =), B, L@ A L 1+
WFIR A, 2007 48 T AR R 2 3R 158 T2
2t 32 N R AL B
1% B br BB B 55 5 W A 5T . E-mail.:

hebaigen(@ sohu. com

(12]

[13]

[14]

[15]

2008,36(4) :737-743.

LI L., ZHANG Y J. A survey on algorithms of
Non-Negative Matrix Factorization[]J]. Acta Elec-
tronica Sinica, 2008,36(4):737-743. (in Chinese)
LIN C J. Projected gradient methods for non-nega-
tive matrix factorization [ J]. Neural Computation,
2007,19(10) : 2756 -2779.

LANGGREBE D A. Multispectral Data Analysis:
A Signal Theory Perspective [ EB/OL]. http://
cobweb. ecn. purdue. edu/~ biehl/MultiSpec/doc-
umentation. html

R A, & 5 AT AT BB A B O Y
WFEL]]. & F % 4R.,2004,32(12A) : 218-221.

HU L M,GAO J,HE K F. Research on Quality
Measures for Image Fusion[]J]. Acta Electronica
Sinica, 2004,32(12A):218-221. (in Chinese)

JE NI S, M A BICHE R BT RE B AT
BRI AL Contourlet d £ 5 £& KR Rl & 5
W10 k3 % T42,2009,17(5) :1203-1211.
QU X B.YAN ] W,YANG G D. Multifocus image
fusion method of sharp frequency localized Cont-
ourlet transform domain based on sum-modified-
Laplacian[ J]. Opt. Precision Eng. » 2009,17(5) .
1203-1211. (in Chinese)

-
=]

B 31985 ). BRIV AN T
L5 AE . 2007 4F 2009 4435 T 7 Ak
REARAGH L W20, FENFR
WAL R, B 3 B AR R B H ARG 5
RIBF5Y . E-mail: cwenzi@126. com

K OB1964—), B TP BN BESE
B S, 1985 4 TR Rt A
ALK R AT 2 L2 0, 1991 4F T v
B2 B 1 B O 28 2 ML S ) BT
SETARAFA A2 a7 T2 F A EIR
AbEE, B 3 B AR U HEAR K% B bR R
BT WA AFSY . E-mail: zhu_mingca
@163. com



