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Abstract: Current nonsubsampled contourlet image fusion algorithms, with the number increase of decomposition progression, are

inclined to bring computation burden as data volume of high-frequency coefficients increase sharply. To address the prolem, an
image fusion algorithm based on NSCT and compressive sensing was proposed. To reduce the data volume of high-frequency

coefficients, the compressive sensing measurement matrix was utilized to measure high frequency coefficients obtained from NSCT
decomposition. The images were reconstructed after fusion in the compression domain. The image fused with low - frequency
coefficients was transformed by inverse NSCT. The experimental results demonstrate that the proposed algorithm can improve
robustness, retain the important information of source image and reduce the effect of image matching accuracy.

Keywords: image fusion; nonsubsampled contourlet; compressive sensing

0 3|5

FURALA e i Z M R B R 2 — BRI 244
SRR X ] — 37 5 R R EHSSRIBUCE AN T AR 15 2, Al
Yy BAT A R AR L BRI R R
PR g 8 RS U P A SR B A AR 0 S i v
TR Z =7 R E G S Rk K Z R T A
SRE AT — MR A 35735 0 3 18043 4 B ( PCA)
Bk, WE,FZHR AR iR Z RE ST AT
1983 4F BURT S5 A48 th T & F 3 BRI B ik IR et
AR P 43 500 %k AR B 45 T R G AT AL A DL 1990
4E ZHOU Y T BEX} HBE & 38 A8 0 i T B Al &, 7%
AT AE T REES L . 21T 90 4FAR, 25 R/l A8 e iy
BAH AR, MALLET S G #2115 T 528 /N 32 R 1Y 5%
2407 RANCHIN T Al WALD L T 1993 4E 3 YO bR
RN B B R R AR 2R AR
TN A TR T2 T B 2 RO A AT S
MR R, BT R B BR 2 ROBE & 43 #T Ak B
PR SRS R AR L, 3K vk B T TR
SIRE 7 0 EIR W i K 7R BB J. 2002 4E, DO M N Al

VETTERLI M JF 2t 7 —Fh T8 5 50 () — 4k B A9 46
WIT R ER A vk (CT) T CT 283 A IR 710 =)
TR R Z ) T DR [ SRR RUBE 0 o3 R
B, EREHE R B s BRI R £ i BUG SP R gn Ty
FIBE 320 S nAE . 2006 4F, DA CUNHA A L 7E CT 7%
e L Al b 4R AR TR SR A F8 R % A2 45 ( nonsubsampled
contourlet, NSCT) #iE™ | LR T X5 S 1 | F REE#
Vi M AR N RAE 4 - B A8 4 (NSP) FlAE T SRAE T 1] U8 I8¢
4L (NSDFB) il T Gibbs Bl %, I B A5 904 5
A,

PR, B T8 2 5 T HE TR AR50 B A
(NSCT) UG RlG 3 . Sl g 2 a8 BUG Rl & A
Fb, — 7l 35 T Bl Bk A9 NSCT AU T8 [k wh B8 4 il 48 I 4%
(PCNN) HT Bk B ok ) 23k m] AR T il A 2k
R, KONG W W &} 1 —Fh 3T NSCT Fa ik i) Spiking
JEEBAL(ISCM) () 2 R R B Rl A 5 ik, 22T NSCT-
ISCM 3 B MG Rl & B 76 2 & W RE RS 7 #R AL T H
RIRATH RS A HRDT . ZHANG Q $2H T —Fh T
NSCT 1488 ( compressive sensing, CS) FJZLANHIT] I
MR A 38 R A Tk, TR IR R E M R A
U, LLH F 4RI T —Fh3E T NSCT AR 2 0056 A5 1E 1

E—EEE AU (1986—) 55, LRz W-LATFEAE  BFSE 5 Il A RS AR 3L,

- 106 -



- fEREA .

R 5 - TR B Sm ity NSCT B AR ak A

LLANG R DGR R & 75 58 107 ST AGAS B 2

A EATEZE, S EMS 28 (RPCA) AT NSCT
L Ry I R S A0 T i HE S S = Y B
AR 20 R T LG s B R AE T WL EHR
i % m (SR) Fiksl AE G &>, Wt T
NSCT B A7 R A& > A Ja I EUR R B T 354 45
FIARRIPE RN, WANG Z S Bl B &0 T JF L35 F
(MSTO) $2H NSCT 73+ -7 i BH 5 EUG AR A, SRR IR &
filA WA R ) DR PR G e S Dl ih Y 0 WU €M
P T XU NSCT A1 PCNN $53 ( Dual NSCT-PCNN) )%
] SE A BT UL FUS R SUHAE B R T SU BT
AREsE A RN 8, BA NSCT FUE alA 535 T LAR
IRl A G (RS A0 3 A B SR, ks T8,
LA R 380K RIR B RUE 2 fi  B5  T) A R BER
B, BRI AL A SORE NSCT 1 % Rl B 5 TR 45
BONHENE LS A, LA /> NSCT EE fil & 7 b 2 A4 5 4
RS EEBITRE,

1 NSCT ®Eig

NSCT & — i 5 1 — 2 1% 2 ¥ & i T 5.,
NSCT AELE A T 4886 i AR e 3t G 22 R 27 ) 40 it
P B R TR A SRk 1 46 86 U0 20 48 T BB 2 1) R AN
PE, NSCT 846 Hh 5 J5 e F AR T SRAE 19 4 555 (NSP ) 47 fift
8P AR AR T RAE Y 5 7 U8 0k #8 4H ( NSDFB ) X — 26 R4
BEATAME , Had B S R NSP it IR 1% 3647 22 U 1Y 4%
fi# , SR J5 Fi>R JH NSDFB Xt =i 4 o3 1 4647 22 75 1] 431 , DT
PARARFRE AR T 07 EER . NSP Aok BIR
O3 it R — A T HE AR AN — Al 1A R BE R 4%
fif AR R AEAGE 71 Lk R AT, NSDFB 1% £ 5 [nl 43 fif £
NSP 22 X 43+ 25 55 47, NSDFB 4 NSP £ 24 3 fRt 5
S 18 T s A AN 7 1) B UG, LAER U
KRR WA B, T NSCT % 43 fige ozt A2 v A FH 1) J2
BT RFEM & IR YAy R B A F AN M, X 15
Gt Ja B IR RGNS

& 1 JERH NSCT X MG o g s =

» [0 - LETH R
NSP JT Il R A0

g - O] -
NSP Tyl A2

1 NSCT &R EE

1.1 NSCT RInR#FE

ARSCEF X NSCT AL HeARA 5417 (1 il & PRI, R T 2k
TIXBCF R RE i[OS RIS . FRRLE IR A B IR

T 4 X S T AR
ENooy) = 2 w(m,n)[Ch(x +my +n)]* (1)

meM,ne N

Ez(x,y) = z w(m,n)[C;f)(x+m,y+n)]2 (2)

e FER KT T MV 9 /INT B 3x3 5§
F 5 x5, A Xk BE 3 x 3 BN, w =
[1,2,1;2,3,2;1,2,11/15, AHEZEE LW,

Ep (x,y) 3
w; =
B () +hE} (x,y)
W= 1-w) @)

Horh by SRR RS, B B B R
BT LASE X
CF (x,y)= W2 C () + WP C2 () (5)

10 Jo o Jo o

1.2 NSCT S5z #ma

TR RO T R 1 G 2 A SR R AR A
ST 22 B AR R BT XM, X A R A
XL R RN A A Ry 20 o (L A 6 IO 3 B 9 B 19 e S5
AR, DRI R 5 T DU AT DAAR A i 5 s PRI 5R 4 4 5 R A
TEdre i NUE J 70t )2 1Rl G R 0N

Vo) s [V (ey) [ 2 Y] (ey) |

Y (x,y)= (6)
o Yo,y s [V () [< Y (ay) |

2 [E4aRkEN

XA AR T B 0 (545, R 4R BRI g LAt 1K
T Nyquist [ REEA R 308 18 W00 (404 7 11 308 0 R A
AR DEE TR A R R g )y N (= AN (s W =R= 2 |
JESCHEATRAEE T RS BRI TR TR kA3
FORAE AL FEOER R T 5 i R 4R B B 2R 52 1 R R 3
PR Ao AR AT N T OROHE 1R R G i AE
fifiit,

BB UGS « KN N, AT IERR I v R
Jh v=Wa, Fx FEIERIE O TFH EADNAN O BE(HP
k<< N) ,WIFRILE SEIEASH & T2 F i siay, it
KN MxN 5900546 1 @ X o HEAT DU, 45 30 I = {E
y=@x J\ y ARG S o &4 NP XERY )8, R
x=VafU AT, 1 y=®Wa, %> A=®¥, N y=Aa, Hh,
A=@WIE— MxN B RGBSR A B

RAET y hff i o IRES AT R o ZH G
B, BRI N, ot #5005 R 2R 0] LA 3 a4 A A B T
SR, Horb R @ T AL PR PEAERE (RIP) R,

3 ETF NSCT-CS TipEGaE

ARSI ST R BCHE NSCT PRl 5k 14 32 22 R AR
JE 2 B, I NSCT A2 e sy fifg i A W I DR IS, 23 A+
F5 H AIRAT 28 R S iR v A AR K AR AR Bk A
HATRgi M, B A FLAE TRl 5 MU A 7 il 5, 5 21
il i P AR 28 5 o I 2R MO A A i e, T P T 4
RORS R 0 A, o 0 A R X 7 49 il 5 0 ) 2247

- 107 -



- fEREA . R, 5

- BT R4 R ety NSCT B1% g b

A, FER P E AR S X Rl A I 0 v A0 R R T RS B
oy B e AR S R i, A NSCT 33 X R A il 45
FR ORIV MY Ji F) R A0 5 2R A Ay 0 A 4, DT ZRA- R 45
JRRIPEE P 2 Bt R NSCT R Rl G Sk

TREERA

TRIEEB

NQ(’ T

\1&%%& AR
CS«DTJ

ZECST
o

NSCTi A8 e

H2 Bt NSCT EigRA HARTER
4 ZLWERSHH

h T BGAEAS SCHE A R e NSCT PR il 43 5 125 A
AR SO, ¥ ik NSCT 5 b ml & 535 64T T 1
BB EUINE AS i (DWT) 845 | Contourlet Z8 4 (CT) 55
MGG NSCT Al & Sk 45 kA7 0 b, RAHBE R 5
G 4 9 R A SR I 3R . L L e
G2 —FP AT GRSy HER 10 ok BE AR . AEAKRUE |
WEEHR B IR AR AR I R A 5 T BORE S A R RN RS
e TR S R TR SR AR AN iR 25 MR L&
ARAT LA R R 22 T PR R RS, A& 3 BTN, BT
UG AT AFEA [R] 0 52 25 PF T A I i LG 8R4 7 o, )
FH MG R AR 3o 195 07 0 0 o 9 YRR A TRl T L3R
5 T AR BT LR

SRS
FEf%1

I@Z

=

st %

UU

l’é’lf% @1%4

|I=L\. E@ﬁﬂlA[_I

W,
B

3 BRRERETEE

- 108 -

Zliigf‘iﬁiﬁigﬁ’fﬂkfﬁﬂ%(PAAM’E?@WTB@#E&&E
ﬁ%ﬂ#’ﬁﬁ%“ 5%, AT SR R B A T I 4K AL 5
S5k, AT LA A e A L B, X (- 1o i+ 10 20
Fl+20) S B F W5 ( SEM) IR 4 SURF 8 ik #:47
BCE, R 1 7R, SR FHGE{E 5 M L (PSNR) ¥y 5 AR
P2 (RMSE) K14l SURF B3k Rk, 458 %£W,
SURF k48 55 7 R A X Lo B2 (0 e o A9 11 4% 58 i

F1 MWARER SEM BSRRIEEERL
MHFRIRE
Bl AR EE %1 HEH® %2 xE %
Pexn 14.198 6 14.239 8
Ryse 0.044 9 0.044 6

S T RUE R HE NSCT 5 5 75 155 43 B 32 EAR 2] 48 v 1Y
AIATIE 4 22 BE O HE IS B9 SEM 23 5 #E4T DWT . CT
NSCT F1 NSCT-CS W@l . [ 4 4 4 Fiy kY SEM &4
MG aE R, S 1) NSCT 51648 NSCT fv & Bk
{5800 BB 25 RIS BT T, an sk 2 s . 4R
T, MG R BRI SS A DL BN AH 25 T L 3l 3k 407, 75 1
F SR A LA W L B A, AR SO IR J& 3 F NSCT il & 57
HARACAF RN AT b I8 2% A A5 A A R AR AR, R
JERTAHSCHY Al R EAT T ek, B Ah, B —
S AR SCHEIRAT NSCT AR Ab (1 LAl 1 51 AR 46 A1 B 8
P AT TS Y A R, A 4(d) RS Rl A Gk
SR IS ST T 60% B R 46 , 78 B 0 1 A3
TSR BEE SE AL G5 NSCT (9l &850, = B 7R R WAL
P A F NSCT 19 @il & %08, BRAE T A SR IR 3

FRTE,
(a) DWT (b)CT
(¢) NSCT (d) NSCT-CS
B4 FEEXNTEHSSA SEM BEHBEER
R2 AERMEFENENEENH
i EEE TUHRE TERE BXRH SHENE
DWT 6.3056 39550 13.2701 0.268 4 0.102 2
CT 9.7228 53730 16.0322 0.263 6 0.094 1
NSCT  9.7044 53010 155458 02647  0.0936
NSCT-CS 9.7774 54165 15.8910 0.258 7 0.090 2




- fEREA .

R 5 - TR B Sm ity NSCT B AR ak A

SRR K 4 B8 PAA F148 i BRI EHR AT RO, 3¢
1B IORS B 09 18 Bl TR1R SR 140 HL gt 47 Rl 5 5
5, AR — R RCIE RS, Rl e B PR R 22 T /N R
BhE P I AT AR LA IR R B AR A ) 22 FL AR B A
i, AT BT RE SR RSB R, PR, A SO
F1 Pl 5% Rl 5 B 0 0 W TGS 9 SEML TR R A7 R 25 4
1E, T RASRAS S AR 0 O R SR S R

5 #iF

NSCT BA RAFA45 I v SOP B AN A8 M (H ARl
K2 NSCT Z3fif I , e W (s 15 Y EICHE i B 20 ik 0880
ST TR R B A, O M R D — e R T 4 SRR 1
NSCT PRl & T, ARG Kl . %0778 SEM 4]
BB RE I T B B L, ek NSCT
B & R IR RO A AR R G R BABOGR
AT e RE J1 . X T i 23 B S ANC AR R 1L, A I 1%
2 IO ARG R SR H LAY, T R4
49 NSCT 3 1) PGl — PPV TE 4 TR P 1y Pl A Ak
PR, T T v e A ) I R
B30k
[1] ZHANG Q, GUO B L. Fusion of infrared and visible light images

based on non — subsampled contourlet transform [ J]. Infrared
Millim Waves, 2007 ,26:476-430.

[2] LIS, KANG X, HU J. Image fusion with guided filtering[ J].
IEEE Transactions on Image Processing, 2013, 22 (7).
2864-2875.

[3] XIANG T Z, YAN L, GAO R R. A fusion algorithm for infrared
and visible images based on adaptive dual-channel unit-linking
PCNN in NSCT domain [ J].
2015, 69:53-61.

[4] YANG HY, WANG X Y, CHEN L L. Geometrically invariant
image watermarking using SVR correction in NSCT domain[ J].
Computers & Electrical Engineering, 2011, 37(5) :695-713.

[5] TOET A. Hierarchical image fusion [ J]. Machine Vision and
Applications, 1990, 3(1).1-11.

[6] ZHOU Y T. Multi-sensor image fusion[ C]//Proceedings of 1st

International Conference on Image Processing, Austin, TX,

USA:IEEE, 1994.193-197.

MALLAT S G. A theory for multiresolution signal decomposition ;

Infrared Physics & Technology,

07

[

the wavelet representation [ J ]. IEEE Transactions on Pattern
Analysis and Machine Intelligence, 1989, 11(7) :674-693.
RANCHIN T, WALD L. The wavelet transform for the analysis of
remotely sensed images [ J]. International Journal of Remote
Sensing, 1993, 14(3) :615-619.

SELESNICK I W. The double—density dual-tree DWT[ J]. IEEE
Transactions on Signal Processing, 2004, 52(5) :1304-1314.
[10] LIU F, LIU J Y, GAO Y. Image fusion based on wedgelet and

wavelet [ C ]//2007 International Symposium on Intelligent

[8

[

[9

[

Signal Processing and Communication Systems, Xiamen, China:

IEEE, 2007.

[11] YANG SY, WANG M, JIAO L C, et al. Image fusion based on
a new contourlet packet[ J]. Information Fusion, 2010, 11(2) ;
78-84.

[12] CAO Y, LI S T, HU J W. Multi - focus image fusion by
nonsubsampled shearlet transform[ C]//2011 Sixth International
Conference on Image and Graphics, Hefei, China: IEEE,
2011.17-21.

[13] DO M N, VETTERLI M. Contourlets:a directional multiresolution
image representation| C ]//Proceedings of International Conference
on Image Processing,Rochester, NY, USA.IEEE, 2002.1.

[14] DA CUNHA A L, ZHOU J, DO M N. The nonsubsampled
contourlet transform:theory, design, and applications[ J]. IEEE
Transactions on Image Processing, 2006, 15(10) ;3089-3101.

[15] LI T J, WANG Y Y. Biological image fusion using a NSCT
based variable—weight method[ J]. Information Fusion, 2011,
12(2) :85-92.

[16] ZHANG B H, LU X Q, JIA W T. A multi—focus image fusion
algorithm based on an improved dual—channel PCNN in NSCT
domain[ J]. Optik, 2013, 124(20) :4104-4109.

[17] KONG W W, LEI Y, ZHAO R. Fusion technique for multi—
focus images based on NSCT — ISCM [ J]. Optik, 2015,
126(21) :3185-3192.

[18] ZHANG Q, MALDAGUE X. An adaptive fusion approach for
infrared and visible images based on NSCT and compressed
sensing[ J]. Infrared Physics & Technology, 2016, 74.11-20.

[19] LIHF, QIUH M, YU Z T, et al. Infrared and visible image
fusion scheme based on NSCT and low—level visual features[ J].
Infrared Physics & Technology, 2016, 76:174-184.

[20] FU Z Z, WANG X, XU J, et al. Infrared and visible images
fusion based on RPCA and NSCT [ J]. Infrared Physics &
Technology, 2016, 77:114-123.

[21] YANG B, LI S T. Multifocus image fusion and restoration with
sparse representation| J |. IEEE Transactions on Instrumentation
and Measurement, 2010, 59(4) .884-892.

[22] ZHU Z Q, YIN H P, CHAL Y, et al. A novel multi—modality
image fusion method based on image decomposition and sparse
representation| J | . Information Sciences, 2018, 432.516-529.

[23] LIY Y, SUNY J, HUANG X H, et al. An image fusion method
based on sparse representation and sum modified —Laplacian in
NSCT domain[ J]. Entropy, 2018, 20(7) :522.

[24] WANG Z S, XU J W, JIANG X L, et al. Infrared and visible
image fusion via hybrid decomposition of NSCT and
morphological sequential toggle operator [ J ]. Optik, 2020,
201:163497.

[25] WU C M, CHEN L. Infrared and visible image fusion method of
dual NSCT and PCNN[ J]. PLoS One, 2020, 15(9) :0239535.

[26] £, 3E0F, FHE, 5 FRE S & B8 05T 45
WI]. MUbHES A3k, 2019, 48(1) :112-116.

1 Fs H#A:2020 - 10 - 23

- 109 -



