1007-4619(2017)04-0549-09

Journal of Remote Sensing

B UHINSSTIHIZ XIES £ BEIGMS

= 1,2,3,4,5,6 1
F— , TE*x

1 MM MR K 5 B DREPE, &t 210016;
2. FERUE B TRRR 2 VLR KA A T BR F S S0 %8, W9 51210044;
3 W bR WT A fE S A B s SE 0=, Al 310023,
4. TPEIIRER A TV 2R B2 S 2 A E RS s, FEAR 541004,
5. BUHREE TR [ 4 DU b= s (Al BB AR E S S0, il 610059;
6. TEHLF R EBEW P FERAN T T B A PR R A S PR E S S =, dEat 100037

OE. RS 2 GE RGO GEE B A R MR, S TR TR R AL R Ik
W 25 R 25 (PCNN) B R SR RE Shearlet I e (NSST) IR U G il & 7 v o 8 46X 2063 18114747 Intensity-Hue-
Saturation(THS)E 4, 4> (74 [ {4 i B J7 [R1 e WA 22 I PRI (s 2 A3k 4 B0 7 R HEAFUC I 5 SR IS 3 S0 22 1 4
SERE SRR A (A YR TNSSTAS # , XA 53 b (8 FH e A R & B BEA TR, DA 15 LA i I B R
¥, PRI RS R B R IS R R X A iR P RG22 R 4% (PCNIN) T A TR G, T
NSS T A5 4 ATHS A4 A5 Bl A PR . A SO B AE BSOS B . G i e 2 2 W T8 b
AR TRTIHS A . 3T F %A ContourletZE i (NSCT)HIFE 174 FF4H(NME) . 3£ TNSCTHIPCNNZESFEL &

B R FR

Trikie ARSOTEAEARTEUG =S B BeR iR, AR TR S
KR BBRmMEG, 25 526RIR, JE T RH: ShearletS 4, TRMMERFILI, BOH MK &2 W 2%

hESZES: 0433.4; TP751  XHiRERE: A

SRR R—£, XK. 2017, BEEHALONSSTH S LT 5L BEGME. BREPIR, 21(4): 549-557
Wu Y Q and Wang Z L. 2017. Multispectral and panchromatic image fusion using chaotic Bee Colony optimization
in NSST domain. Journal of Remote Sensing, 21(4): 549-557 [DOI:10.11834/jrs.20176273]

1 50 &

128 % PR A5 il 2 4 H B AR ] DX e ] —
PRI ]G 1 5 5 18] 45 B, A 28 2% P F it e i —
ERHIEES B IR E R (Dong 47, 2015), £t
EERE EOLEER, HEEEARS. 20
PR REAS P W PG A4 25 TR 419 (5 B, (EDE ISR B
A2 o P RS LURIEDE g A As 1Al 5 2 A ok
b, MIME TIRgeab 8, 7215 B2 . K&
PE AT ML B PRI R A TG BT AN
i A7 R 22 5 T R SRR AT Rl e 2 4 1

RS EHE: 2016-08-12; WEDZA: 2017-01-16

A B 2 6iE EHG 4 G ml G 7 ik 8
W T BN, T2 RES M. SLTHER
FEL R 53 fift (NMF) S e TR 28 2 5 s, B2 T
[HSZF #i(ChienFlTsai, 2014). 3T F o4
(PCAY(E AR HAL, 20145 kB TRT R
BB Ik XTI Re A e KR 1Y 25 (6]
SYHEEE, SRS 2Ot 5 At USRI B ek
FIARFR, SSEEEEERBIOGER IS, i
T2 R 69 R4 7 72 A5 2L T Curvelet (4
AR AR, 2008) . FETF/NEARH(EETE AF, 2011),
5T ContourletZE e (X HIZEIENE , 2013) 25 /l& 77
Peo Horp, JET/NEE AR RlG T R O

EL2WB: ERARBEEEGT: 61573183); MufaE TR, VLIME REIEMTHARE S0 R TP 4E S : KXK1403); #iLA
AL S R T A (U5 . ZIKL_6_SP-OP2014-02); J PHZUE(E BIZIR 5L & E S R E I E A (IS : MIMS16-01); [+ %545
23 [AE BEORE AR E O & (4 . KLGSIT2015-05); B LSRR VE A 5 PR ¢ 2 S0 = FRE 4 (S5 . ZS1406)

FE—EEEN: R—2(1963— ), J, BIZ, WG EREGAIE . 0 S5EE, HAMI 5 P05, E-mail: nuaaimage@]163.com


http://dx.doi.org/10.11834/jrs.20176273

550 Journal of Remote Sensing  # & F4R 2017, 21(4)

1) 22 R 3 7 o SR, /N AR 4032 7 ] Jay R
{14 B 1] TG 125 T A it 2 R h 2 B L AR R A
MAER . Ak, AfTAHZE4E T Contourlet®
. JE T RHFEContourletZE 2 (NSCT)(Da Cunha
4%, 2006). Shearlet”F 5 (GuofllLabate, 2007)% 5
W E S FamTiE, ShearletZ i /E y—Fh = 4
fF oMb ik, BESE A R HE R i 4015
R H ERBEREARS P HALEN, K510
il G ERAE D G AL L RS T4 . BT RAE
ShearletZ#(NSST)(Easley %%, 2008)H Shearletf
ek, I EA PR Sk (Gao
4%, 2013; Kong %5, 2015)#FUERH T3 FNSSTLH
BT H A 2 R S fif Rl G 45 R 5 2 4ny
F . TENSSTHH T 200G 52 a kG m G, o

A SOR A, 4k EAZ REZ RSBk
Joi H A A SR P 0 ) PR Rl S (B

5, 2007), XTESARRIERGPEERE A, (HH
TC 25 78 AR R E 25 8] bk B 4015 5 B 47 R
B, ARG S EURE WA N IE ML R X
JEENE ik A A 4 4 R 25 (PCNIN) (Johnson Al
Padget, 1999)&—KPZHMZEML, BA LR
(%) ok e ) 25 P R 5, AT S X3 PN AR A L)
MR R A2 Uk, RS T il B3 213 o 4]
BJR TR =S [ 40719 (9 H B (Zhang 55, 2014), PU#k
]z N T ER RS

L RSl A BN BT, AR & R
Syt ARG o R e UL ALk vl DL H S
o b A E IR R B . N T 47k (Karaboga il
Basturk, 2007)/E A 4F kA 2 BE R Re AL 5k
Z—, MWESERE AL, I38db, &)
HRAE I, (AR MERR S 52 5 B AR
SR, HooRE DGR DM AR B BB SR . Hy
U, K TentBl S AR P 515 | AN TS8R E R ARG %
TR, R A o i SRR A G 1Y
PALR B, W ER RGO Al G T [ N DA AR
FAF RS BER .

ik B G e B 2 ohigE B A mE B
HeKAL, ARSCHE T — Tl 5 TR P M A 0 R el
HPCNNRYNSSTH 2 %18 F1 4= (0 BIR Rl 5 7 ik
e 2O RE RS A i B IHS AR ], 4 (o KR 1)
L IR BB B oy (9 1 R AT IS e 5 Pt

I W AL 4 I FEATNSSTAS e, R FH ok i3k 19
PCNNGRlG HLNRT S o f i A TRl G il Gy
TIAS il G F DU X AP0 A i A T RS, 5 TR il 0
U AR 0 Ak P i AR A0 23t A A R B
PVEAS BAE RGN, SRRz %k
JE, KA E SR TIHSA . 3 TNSCTAHI
NMF(Wu %5, 2012). £ TFNSCTHIPCNN (Z= i
A, 2013)5ESFIENG I ik M LR g5 AT T oA,
BSUE T A SO LA

2 NSSTMI#HPCNN

2.1 NSST

ShearletF #f&— o 19 22 ROBE /0 i, 3d 2t X
FEAS PREL Y — RN S AR S A il pR B, PR
RUBE R 10 BE A8 I F e R ML & & 7 (5 B Y
K&, HEABRMKMITREMITIEEARE . Y4
B2, MAERE A R R EUE RIS RS R -

Mp(W) ={yj1u(x) = |det AV >y (B'ATx — k)
jleZkel?

K, wel?(R), 8 X A bRy 20 HEATHE
e STUIRPR AR, MRS RS A BR2x2
WAL, R RRE, BRI, KPR
VS e?(R?), ﬁﬂParseval*E?&jzljkk fju>]=
AP, W Map(0) 2B BN . & BUINEEA 2503
IHTEURRE, XEIRE BN —RE, ATTEA A
ROEE . g A7 1) AR s 3T & i ParsevalfE 4R
ShearletMIl &5 i/ INE AVREG, FELFEA Ry £ 1) S 1

BIERE, WA= Ao=( o 3 ). STEHE IR

K, Tl Shearlet LB NL 5 HEFEBN BT UIHERE,

WHB=By=( o | ). SHERE . I ILITER
A, ¥l ShearletZE # i) 7 [H] o

%t ShearletZE 4, NSSTHA R AR 4r 1,
e T HEG MO AR G T AR B . sk . AT A
5o NSSTASH (UG 2 R 4 A7 ] Jay i Ak 19
W, HARPBRIT . oA Bk HEE TR
P I IR R, DA . mlirat; SR
S 38 5 A P B U0 I 2 (SF) S B e AL 4 i 1 5 ]
JaBAk . B BEE K Shearlet T A8 b i BT LT % 25
Pseudo-PolarAs # Z5 Wt i 21| Cartesian B bn 55, HUH

(1



FRe—4 4 IR IINSSTIEE ik 5 4 (IR R & 551

TBERAERAE, BNSSTHAB A Z M &
Ja, L AR R A T2 B, A3 FINSST
AH

2.2 Ki#HHIPCNN

PCNNJ&—Ff FH 5 T 0 28 O AH B B2 1R W)
RS, BEAMEICR 3T, Hz i, A
BRI K o & A 8B 57 o TR AR PCNNASEALFH T K54k
HRF, WS L, FALPCNN YRR 40 &
175 (Blasch, 1999), s iAain] DL =(2)%k
IR
Fij(n) = Dj;

Lij(n) = Lij(n— 1) xexp(—ar) + VL Z WijpgYpg(n—1)
P4

Uij(n) = F;j(n)(1 +BL;;(n))

0;j(n) = 6;j(n—1) X exp(—ag) + VgY;j(n—1)

Yij(n) = step(U;j(n) — 6;;(n))

()
K, GHRNBENE; D INEEA; nhiE R
WEL Fi W& Ioch A L WEEERm A ; v e
R ATBCRREG Uy 2200 1 AT 35001 5
ar ag NIFTACEICE B SNBEEIRIE  wijp N
ZITCHIRAMGEBAGREL 0, BIE; VeRon
B (ECR REL; Y FRRPCNNEI . Yii(n) =1
05T HI R R LT R -

i s T

1

S

i) ) B T e A Do

K1 PCNNfRifbASAY
Fig. 1 Simplified PCNN model

FETPCNNMEURRGA LD, Rl G R0 2
WA iy A ZEPCNIN s K B 22 /0 ke e IRl 2 TR 1R
MIZREL, I TFPCNNE A E BRI R %L, Afefk
P SRR EE B 25 5, WO AT el (B B 4F
2014), FEPCNN®YH i, id g Sigmoidid 4% pREL
THE UK A IR RS, IR HE SR B R/ Sy e A
FRECTEBARYE o A T R R S i B Y 22
S, R EE T

1

Ty () = Tty

3)

Arf, Ty R BURG, HOLE s K IR EE, VA
JEEEIATO0, 170 nUR IR 55 At e 8 LR Ry
Zijn)=Z;jin-1)+T;;(n) 4

3 ARAURIE A i ML)

B X} Z2 6 4 G A B R s R TRl A
FUMBETE, $ T — P 3 TR i e O Ak A etk
PCNNI#NSSTIE Z i Fl 4 o KU Al & T ik .

3.1 ETFREEBEAAAHNNURT S ERE

AR 53tk 2 AE AR A3 23T X R AR 4 3 R
IR SISl DU X AR i R AT R, B
B DX I A8 £ B R R VR e A v e Ak
FIINA R, TRIKR ZNSSTA G, EHR A48k
1A =101 = S o 9771057 s O £ e v Wb 111 B U = R
RIFH MG X IRRIE 4, BT 240N 24>
B F AR IEREMAREE . T X RE i UK 1 Rl A
DU RES 58 1 EIR IX N AR R A G AR B T &
B RS, HT R meER B ) 5 B AR R
BT, 2012), 2 E, k=12 F KR
kP LLI Gy ) D B SxS/ANE B IX I BE |, AR/ NER

WIKBIER E= 3 3 QP JPrG) R g
. P R T 5 2 ORI B, L
S A4 e (1 1 58 b B0 2 R T A 2 M A BR &
St R TS B o 5 2 1 LA A0 43 it (1)
X8 RE /N T4 0 R 0 XS RE i, U oR X
(5) A el E A A BRI, g 4 e PRI 1 2 TR 40 7
5 R 5 Z IS RGOS E BAE G, milAZS 1]
Y17 B R s S OGS B R 2, HIEE
2 3 G B AR 43 A Sk il A S B A8
w, U Z6EEE . St A =h
ol (i, j) + (1~ )5 G, j)

F'(i. j)={E\ (i, ) > EL (i, ) 5)

LG, j) HoAte
K, FlG )RRG5 R AL, 1G,))
ML G, j)or iR 2 AP S 206G KGR 5 B 41
EIRBU R R B, E) G HFIE, G, )RR

(R4 B KRR B, w R AR SR
AT G R A I, 5 EARIERL A 5 KGR RE
T L 4 PR O S 435 L 0 o A
T7 R R AN R 8 I AR BG4 7 A0 0 1 110 ke



552 Journal of Remote Sensing

ERBEIR 2017,21(4)

O PR UERR A IR IS H R PR R b 4k R
BZHAMIER . Ba B S IR E Z 8 B AR
SR RS 5 R U B — D ER AR . BAR
A 142 5 P A5 7 i 0 5 AR £ B 1Y
Z/0, HAZEMOR, FlE FGN PR I R 5
W5 SOBE R, RlE RO, SO AR B A
Oy I VL JRE PR, AR AR 23 il 5 v (0 TR D e
PACTE XS AR B AT S, BEMIHR ] ok .
RIS B IIAS AR B 2 R PR A AR
R R R AR S B BLAR B AR, A2
w B SR R 2

N THERFRER 0T A SRS RE AR AT,
T s | U | B RS SS G 1R S iR L
TROREE R AU R ) . ST AT SR
FEAAE G BN R TR iR LR B bl i, B SR ]
455 TentWSHRIE 41 19N T 8 3R0A S it
FCRB A R Tent BT 5 FBEHLE . i T
PESRARFIE, SR R e DU B IR Xpea WO D 1, 1)
A N 55 H D (E R AU, i R B B
MULR, REERER. 455 TentBT TR
FEACT IR I B B U T

(1) IERAR A B A e e A 2R B rh i
AR EAR S R R I R E X et o

(2) # B (6)4: I TentiR M F 51w -

{ 2w; 0<w; <05
Witl =

2(1-w;)) 05<w; <1

K, i=1,2, K, wiEMIE0ARERNO, 1)
INBEHLEL, Hw; #0.25. 0.5810.75, KFE/RNIEMF
G

(3) FENNAL Z KU LE T BE H B TS L PN 58 S IX ]
(L.H], HTIrHRRASECE RS, Mo,
110 #2877 37w W 5 21 X ) [ L, H] Y Y
IR R W,

Wi=L+0.1XxXw;x(H-L)

(4) TR EW, S EEERKTH
IR B X e A TR, T2 AB S AR

(6)

i=1,2,---. K (7

Vi=Xpest +AW;  i=1,2,---,K (3)
Cv—c+1
=M ©)
Cm

A, CAEEIA T, ORISR, o
[[IEES AWV & 88

(5) 45V, T IR A5 BME 5 AT e R 2
Xoew FIOTL (S BILATIES, #77) F IO B
Fooa FHITLAEEME, TESHEV A B0 BT
R Mo, WURBFORAG, TR RLEA oK
FO RIS KEKN, R R sk
AR WS SR B, T e R 2R
R, 4 R UCHOHE i IS TRYCBTT 3518
231
EFHHPCNNI B TS BRA

IR ZENS ST kAt 2 B e 1k S R P14 14
MATER, WMEGRMIXEGD R sk, SoHgy
o FETPCONNYH RLRAL S 5 ool AME R (B AR
NPCNNIEA T AHRXS AR R I AU, BT
LK AR R AN i AN KB . P T ae
RIS IR 1R FGGL AN 5 B, SOk DX
2 3 7% B B B AT (SML) /R S B i PC NN Y
fA o HfGHFERERG HILE R EL, SMLRE X
W

SsmL =2f (L, )= fli=g )= f(i+g DI+

RfGE )= fG =8~ fj+8)l
A, gfoRFBR AR, ASRe=1,

PCNNEAI S H (SRR LB, b 22
TCS B2 THEE IR . BT AL G RO 105
MBS, AR R S B S R AR X AN . R T
PCNNW LR T7 kT, a2 nris (EHARHH
], AE A HR X AR 825 DX LA 2 X3
WAL, AR ITTIB I AR o KA X 5
FEAE FOE B, ST R ROR A,
[T R e — ol Sz e P 450 A T R R JBE 1 X Jel
il AR AR U I P (B Wi . itk SR — b
o HE B DX 28 )00 Fyse T H 0 — (0 4E
PCNNIIB{H . Fuse = y/Fap+ Fop+ P+ Fop, H
H P MF e 73 AT - BB, o RIF g o35
EL YA,

3.2

(10)

Fre= | S S i —fn? (1)
RF — \ M(N— 1) m,n+1 mn

m=1 n=1

1 M N

F = (fm+ R _fm,n)2
. \(M_I)Nmz =1 1

=ln

(12)




FRe—4 4 IR IINSSTIEE ik 5 4 (IR R & 553

1 M

N
_ _ _ 2
Fﬁ_\wLUW_DmERMﬂM fun)® (13)

=1n=1

1 M N
FSF = \ mZZ(fm,nH _fm+l,n)2 (14)

m=1n=1

FH Sigmoid R E g EIH — 1L FI [0, 1]:
B= o M THGIEPCNN H 15 ALK
BN

(1) RHI3=3% M ) 265k BUR 15 4
EURP, 1T HNSSTHL S M 73 5 19 S smu I IH—14k
#[0, 17, KfHA4 APCNNHR

(2) B I RIEARIREC A Nypaxo PCNNIHIE BEE
HLi;(0) = Uj5(0) = 6;;(0) = 0,

(3) AR QI E A R RIS, AN
K IR BE SR Z (n) = Zij(n— D+ Tij(n), HoH,
Zi(0)=0.

(4) MEAR B < Nax I, EEPUTLEQ3),
ELREARYREH n = Noax 5, 12 1EIEAR

1 P
(5) ﬁéiﬂij&%%ﬁﬁi H(ld):{l,ZU(Nma)o >ZU(Nmax) ,

0,else
IF AR D SRR R i LR ) s o 1 CYGL j) =
{C‘(i,j), (H@G,p=1)
CPG,j), H(G,j)=0)"

Hm, G ), CPG, )Y HFRARNSSTI £ 6614y
A R B

3.3 ANFEREEMEEHMESE

ARG A BRINE

(1) ¥ Z Gk G e 5 2= THS #5 [A] 5

(2) ¥ R B 7 R IR 2 68 A 5
B B FREA TR, #3308 KIS P;

(3) XF 143 f Ko 4 6 KR P43 il i A TNSST
EDN Ty

(4) SR FHSCHE A R A BI04 e 3204 7 il
G, R B PCNNSR ] b s 4 4 s R A TR
S5 e W43 e A PR A S IO ST A A TR

(5) XAk B 0 ARG A5 R 3 A0 43 s HEATNSST
W, ARIRLG SRR RS

(6) BRI FMR BIH . SO R 2 4
WA ERGBZS H], RISRLGEIA.

A TR R E 2,

[ =hipme | | FEER
75 TS BRE T
e pEeE P
1. He S $Hit e |
[301 5 Wp0 B ifR P i NSST B0
v v
AR RO S S i A HEFOHE PONN |1
(e E I JTC A i i L
| NSST 3t i, HE R 1 4]
s O L o T R e 4 O

PH LS THS G0 e e 5 51R

K2 ATk
Fig. 2 Flow chart of the proposed method

4 SLEEERE

R EAEAR SO A R, R Rk
LT IRl UL L A EPCNN NS STk £ i
MaEIGER A Ik, MR ERUEHAT TG K
¥y, JF5 3T IHSAS 8 LU K T 4F K3 a6 T
NSCTHIPCNN, KTNSCTHINME ., A5 [ & Ik
FE AT ECHEPCNN  ARAS 2 A RN 3 A5 PCNIN S
SFEG RS IR S R IEAT T . TR iR
R, BELAPRZL R /NG 3 R256 %256 FIS12x5 12/ 4
o EGR Z 5658 UG A m LA ui B . anfE 3 R,
55140 B15 W LANDSAT TM TR 145 4 3 b [X 34
P BB ) 2 63% B FSPOT 4 T A 45 Y [F]—
WX E e EEG; 24 EE HIKONOS T2 4%
) b DX 3410 B 5 BRI 220163 AR S ) — M IX
EEE. FaMES AR iAo a4 5%k 55l
FEXT 241 G TR B Al & 25 3L . RS0,
SR BRR BRI AR e . NSSTHp, ZRUES
IR S A “maxflat”, RESMRIZECN3, BEH
SERITT N2, 2, 2] BGHERPCNNY S EGEHAN
T: Nmax =200, az=1.0, ay=02, V;=1.0, V4=20,

0.707 1 0.707
w= 10 1 |, IR AREENS
0.707 1 0.707

BUBCEMT . B RBON10, S REURE Y
30, T8 RIS U A RO A G —F B N PR
BAY RSB, VU= T R A0 Ak 1) 325 A RUCR
H3.



554 Journal of Remote Sensing & & 54k 2017, 21(4)

K3 Mgt G M e GRS

Fig. 3 Two groups of multispectral image and panchromatic image

Fl 4 14 EGRIRA S

Fig. 4 Fusion results on the images of group |

Bl 5 S G A S5 5

Fig. 5 Fusion results on the images of group Il

MEMAERIR FRE, Ea@MES@NEE  RaAEG, BT 2065 MGIEE R,
TIHSZ A G U, ISR ERIR 2ot (AFERE . % . SR R AR . K
G BRI R, (HESE KRG R IS 4(c)MIE5(c) NSCTHPCNNAIZ, & J7 ik il &5 45
WU ., El4(b)FEIS(b)ANSCTENMFEMSE & R, SRIFPERAMNSCT SNMFMHZ G 1 5 i AH L



FRe—4 4 IR IINSSTIEE ik 5 4 (IR R & 555

AURARTE . F4(d) M5 (d) AR E AL CR A8
PR A SR 0 e A0 24 P CNIN TS i I 44 il 45 485
R, Wi HeRia sl TR, HES EE
TE—E R ERDEIERE . T EE EEER
A RUR AR B b, IS0 Ao il 5 L
A OCTE WS R R, Al DL BOL i e 2 72
JEE B i ) D PR32 7 i A AR 23 Rl PN BiE
A N A R o P4 (e) 111 S () A AR St AR
(i AR ST AR SEE) A JPCNIN T 125 I 45l 5 45
R, ABNRSPREEFRE SR Tiks, ma
BB HDLIE (R BB AL /N (R4 FNE S (F) AR 3C
BT R A S5 R, T LAE H 23 (8] 405 R BLRE

R AR [ RS PO 1 e R A
AN, RS RN MW, RO A [HAS
RS, UG 20 R S AL A7 7E B
5, A B o R B B AR O R
B W TR BROR G SR e s U
X UL IS ST 0 - A4 Bl MR SE T (R PCNINGE
Frokeatt , K DX 37 3 437 30 R 04 O et

PCNNAYHT A, SR Fl— i 2l i 9 DX Js 2 [ 451 ¢
Pyvsp I P45 FUA—AB A/ 0 MO PCNN BB (H) BEASFF I3
0B R NN EPSE ok T BN R A VP S LG5 S L)
il 5 P15 0 i B BT R

T RERE B UL SE VO Rl A TRLR I ROR
WP EE | 5B MR B, 23 A
T L E A D LR B PP HE AR (2 IR T A L AR
JB, 2013)o ~P-EARH RE AL RSB A A1k S 407y
(B2, AR g U] PRSI A 5 15 0 P R A6
R I AR S, HEEOR, R 1Y
FRIEZ; MR T RGBSR S 265
BRI CRRRE , FAEMUN, RS R OIS
B IR 2618 EEOL IR B AR B ; B
R A BR AR B T DL 5 s )RR B o, HH
MR, BB SERICR S 5 LT i R 1R
e A R, B, B ER R
e RGN T LaReM il & ImkX o | B %
WU TP 4G

£1 MEGRMATENERBITNER

Table 1 Quantitative evaluation results of six image fusion methods

[ EwiReS B PYIBREE 5 5% LIPS IEEIES S
R 19.7148 73253 0.7263 26.4573 25.8817
THSAR 71k G 18.2596 7.5014 0.7552 24.6952 23.5544
B 15.4998 7.4687 0.8453 21.5514 18.2749
R 18.5418 7.4393 0.8413 24.3589 21.2594
NSCTAHINMF J5 & G 17.0986 7.3952 0.8639 22.5070 19.2081
B 14.7535 7.4940 0.9245 19.6233 13.9206
R 21.1270 7.5586 0.7930 27.5982 23.1101
NSCTHIPCNNJ5 1 G 19.4281 7.5237 0.8146 25.4923 20.9900
B 16.1772 7.4803 0.8882 21.7991 16.0306
R 21.6652 7.5635 0.8150 28.3952 22.5109
ARRATE 1 22 AR = A3 2 i PCNIN 7 s G 19.8382 7.5219 0.8367 26.1582 20.4289
B 16.3980 7.4873 0.8976 22.2801 15.6879
R 21.6408 7.5661 0.8092 28.1582 22.1948
AR G IR A5 PCNIN 7 15 G 19.8560 7.5244 0.8315 25.9705 20.1406
B 16.4602 7.4837 0.8958 22.1535 15.4899
R 21.6721 7.5624 0.8322 28.3985 21.0743
ATk G 19.9261 7.5204 0.8523 26.1607 19.1260
B 16.6002 7.4883 0.9085 22.4182 14.6928

FETIHS TR RS )ik, sHErHRD, H
SEEHLAN E f . NSCTHINMFEAZE & 07 skl &
BRBERCNS, FTAS LG BURAE A G R AR AR i
e, AR R0 B RN A AR AR, X ULFINMF A
L RES A PR B O AR RRAE , (AR R4 4y
SUPE T AEE . NSCTHIPCNNASE & 77 il
A EREERE Y, TS Rl 2 SR I T X B B N A3 1R AR

IR, AR BORAR, O T %07 L REAR Tt
FGRS  RBLRE ST, (HJCRRAR A s PR 55 RUR Y
JEIEAR R o ARAIE S AR s RO PCNINTT V& il
AT, HP SRR B A S AR AT T 4 v
{EL ' 38 A1 il B2 A7 A v o VOIS A g AR
PCNNT7 ARl G RS DR, A0 CT M B bn A
JITREAR, (2SR (5 Bk A 1ok . A SR



556 Journal of Remote Sensing

ERBEIR 2017,21(4)

(Y Rl 7 7 S AR AR = A5 PCNIN 7 125 o 5
BF 18] AH >4, AH B A R P09 12 il 6 o R A
1%, HERGRCR AR B MILE, JulfE
SEIRRRE L AS AR | OGTE i B 3R bR AT
K fE, RPEBOLEE SR TR R
R, R 2  BE008 T A 8T . NSSTHER
T b RN RT3 R FH 2 TR Tl
SR A0 B e AR D) AT DAAR Gy M AR B 22 0
SREE A OD X S SN | DA @i <1
PCNNEWS A ST RG2S [ 0 HF 3, (ARG
SR TE R RIS s BRI R, hsk . sr
S5 (B 401 5 B RE ARG BIR . A SCHE
) 5 TR M A AL NS S THR RS il & 7 vk 5 &
RO Rl Tk AE LR RS 8OR E HA R
B AR 3, H X — R A2 DU 32 S5 ] R AR
Wiy, EHRRGROR e m T o Gk, 2550
F, ARSCH AR 3 A T T ) S AR S SR AR L
P F HABSF %

5 45 »

ARSCHRE T B TR ME SR AL AN G PCNN Y
NSSTHR L'k G A4 (R b & 7 i o %k
FIH TNSSTHYZ RE il . o Je 2B R i vk
EVERT, BE AT 22O EIGOR 4 € R A A S 5
WAy LG, AR S, TR T AL
PSR AE 4 )R T8 T W BIORS B = S e, IRAE R
e VA PG R A ZR 885 R v A 43 s SR FH Bt Y
PCNNEIEHATRG o RIS as LR, AR
B ER RS TR R BB s g di . ot
Tk AR S KR M ST P bR LT T
IHSAE#: . - TFNSCTHNMF, % FNSCTHI
PCNN&5 ik, TE#E— 8T mh & R 25 [0 o E
I, RETEAFHb IR BEOGIRE R, BT A
BUNES N T SN R

£ % XUk (References)

An Z'Y and Shi Z W. 2013. Hyperspectral image fusion via sc-NMF.
Infrared and Laser Engineering, 42(10): 2718-2723 (‘& kT, £F
. 2013, 2T sc-NMFR DL K GRG. 200N SH0E TR,
42(10): 2718-2723)

Blasch E P. 1999. Biological information fusion using a PCNN and be-
lief filtering//International Joint Conference on Neural Networks.
Washington, DC: IEEE: 2792-2795 [DOI: 10.1109/IJCNN.1999.
833523]

Chien C L and Tsai W H. 2014. Image fusion with no gamut problem

by improved nonlinear IHS transforms for remote sensing. IEEE
Transactions on Geoscience Remote Sensing, 52(1): 651-663
[DOT: 10.1109/TGRS.2013.2243157]

Da Cunha A L, Zhou J P and Do M N. 2006. The nonsubsampled con-
tourlet transform: theory, design, and applications. IEEE Transac-
tions on Image Processing, 15(10): 3089-3101 [DOI: 10.1109/
TIP.2006.877507]

Dong L M, Yang Q X, Wu H Y, Xiao H C and Xu M L. 2015. High
quality multi-spectral and panchromatic image fusion technolo-
gies based on Curvelet transform. Neurocomputing, 159(c):
268-274 [DOI: 10.1016/J.NEUCOM.2015.01.050]

Easley G, Labate D and Lim W Q. 2008. Sparse directional image rep-
resentations using the discrete shearlet transform. Applied and
Computational Harmonic Analysis, 25(1): 25-46 [DOI:
10.1016/J.ACHA.2007.09.003]

Gao G R, Xu L P and Feng D Z. 2013. Multi-focus image fusion based
on non-subsampled shearlet transform. IET Image Processing,
7(6): 633—639 [DOI: 10.1049/IET-IPR.2012.0558]

Guo K H and Labate D. 2007. Optimally sparse multidimensional rep-
resentation using shearlets. Siam Journal on Mathematical Analys-
is, 39(1): 298-318 [DOI: 10.1137/060649781]

Guo L, Gong C and Zhao T Y. 2011. A new and effective multi-focus
image fusion algorithm based on wavelet transforms and neighbor-
hood features. Journal of Northwestern Polytechnical University,
29(3): 454-459 (4, BHs, XK 2. 201 1. FETF/ AR A4 I8
FRAER 2 RGBS . WAL Tl R4, 29(3):
454-459)

Jiang N D, Wang Y N and Mao J X. 2008. Research on remote sensing
image fusion based on Curvelet transform. Chinese Journal of Sci-
entific Instrument, 29(1): 61-66 (FF4EfE, F RS, THE. 2008.
FET Curvelet L #e )IE R R RIS WS, AR, 29(1):
61-66)

Johnson J L and Padgett M L. 1999. PCNN models and applications.
IEEE Transactions on Neural Networks, 10(3): 480-498 [DOI:
10.1109/72.761706]

Karaboga D and Basturk B. 2007. A powerful and efficient algorithm
for numerical function optimization: artificial bee colony (ABC)
algorithm. Journal of Global Optimization, 39(3): 459—471 [DOI:
10.1007/s10898-007-9149-x]

Kong W W, Wang B H and Lei Y. 2015. Technique for infrared and
visible image fusion based on non-subsampled shearlet transform
and spiking cortical model. Infrared Physics and Technology, 71:
87-98 [DOLI: 10.1016/j.infrared.2015.02.008]

LiX E,Ren]Y,LvZM, Sha W, Zhang L G and He B. 2013. Fusion
method of multispectral and panchromatic images based on im-
proved PCNN and region energy in NSCT domain. Infrared and
Laser Engineering, 42(11): 3096-3102 (ZS#idk, {Ea i, S8,
AL, SRALIE, Ak, 2013, NSCTEPY 3 T B PCNNAI X I B
2SR 2 B ERRLG 7 k. 8N SR TR, 42(11):
3096-3102)

Liao Y, Huang W L, Shang L and Li P. 2014. Image fusion based on
Shearlet and improved PCNN. Computer Engineering and Applic-
ations, 50(2): 142-146 (BI5, # 30k, Mk, 2505, 2014. Shear-
let 5 HEPCNNARSS & I IR EL & THAHL TR S, 5002):
142-146)

Liu K and Li H H. 2013. An image fusion algorithm based on likeli-


http://dx.doi.org/10.1109/TGRS.2013.2243157
http://dx.doi.org/10.1109/ TIP.2006.877507
http://dx.doi.org/10.1109/ TIP.2006.877507
http://dx.doi.org/10.1016/J.NEUCOM.2015.01.050
http://dx.doi.org/10.1016/J.ACHA.2007.09.003
http://dx.doi.org/10.1049/IET-IPR.2012.0558
http://dx.doi.org/10.1137/060649781
http://dx.doi.org/10.1109/72.761706
http://dx.doi.org/10.1007/s10898-007-9149-x
http://dx.doi.org/10.1016/j.infrared.2015.02.008
http://dx.doi.org/10.1109/TGRS.2013.2243157
http://dx.doi.org/10.1109/ TIP.2006.877507
http://dx.doi.org/10.1109/ TIP.2006.877507
http://dx.doi.org/10.1016/J.NEUCOM.2015.01.050
http://dx.doi.org/10.1016/J.ACHA.2007.09.003
http://dx.doi.org/10.1049/IET-IPR.2012.0558
http://dx.doi.org/10.1137/060649781
http://dx.doi.org/10.1109/72.761706
http://dx.doi.org/10.1007/s10898-007-9149-x
http://dx.doi.org/10.1016/j.infrared.2015.02.008

FRe—4 4 IR IINSSTIEE ik 5 4 (IR R & 557

hood function of HMT in Contourlet domain. Journal of Optoelec- XiaY and Qu S R. 2014. Color image fusion framework based on im-
tronics: Laser, 24(10): 2031-2037 (XIJ4if1, Z2E 1%, 2013. 3£FCon- proved (2D)’PCA. Acta Optica Sinica, 34(10): 69-76 (54, fifl:
tourletBHM TSR i IG5 J7 vk Dbl 7 Ok, 24(10): ili. 2014, ECkE(2D) PCAMIR (GRS HEL. HEaE 4],
2031-2037) 34(10): 69-76)

Song M X and Guo P. 2012. A combinatorial optimization method for Yan J J, Xia C M and Zheng J R. 2007. Multi-spectral image and pan-
remote sensing image fusion with Contourlet and HSI transform. chromatic image fusion method based on non-negative matrix fac-
Journal of Computer-Aided Design and Computer Graphics, torization. Computer Engineering, 33(21): 169-171 (B 7%, E &
24(1): 83-88 (RAFEE, HF-. 2012. 454 Contourlet FTHSIZE i B, FBEESR. 2007. K TNMF M ZGIE EG 4 GRS 7
AR B G R A . TR BB 5 B 244, W HHEHLT AR, 33(21): 169-171)

24(1): 83-88) Zhang B H, Zhang C, Liu Y Y, Wu J S and He L. 2014. Multi-focus

WuY Q, Wu C and Wu S H. 2012. Fusion of multispectral image and image fusion algorithm based on compound PCNN in Surfacelet
panchromatic image based on NSCT and NMF. Journal of Beijing domain. Optik-International Journal for Light and Electron Optics,
Institute of Technology, 21(3): 415420 125(1): 296-300 [DOI: 10.1016/j.ijle0.2013.07.002]

Multispectral and panchromatic image fusion using chaotic Bee Colony
optimization in NSST domain

1,2,3,4,5,6

WU Yiquan , WANG Zhilai'

1. College of Electronic and Information Engineering, Nanjing University of Aeronautics and Astronautics, Nanjing 210016, China;
2. Jiangsu Key Laboratory of Big Data Analysis Technology/B-DAT, Nanjing University of Information Science &Technology,
Nanjing 210044, China;

3. Zhejiang Province Key Laboratory for Signal Processing, Zhejiang University of Technology, Hangzhou 310023, China;

4. Guangxi Key Laboratory of Multi-Source Information Mining and Security, Guangxi Normal University, Guilin 541004, China;
5. Key Laboratory of Geo-Spatial Information Technology, Ministry of Land and Resources, Chengdu University of Technology,
Chengdu 610059, China,

6. MLR Key Laboratory of Metallogeny and Mineral Assessment Institute of Mineral Resources, Chinese Academy of Geological
Sciences, Beijing 100037, China

Abstract: The rapid development of remote sensing technology provides an effective technical approach for humans to understand living
environments and to utilize natural resources. Various remote sensing sensors exist, and the images formed by different image sensors have
various characteristics, thereby resulting in multi-source remote sensing images, such as multi-spectral and panchromatic images. Fusing the
multi-source remote sensing images of the same scene is necessary to efficiently and comprehensively deal with these image data. The multi-
spectral image has high spectral resolution and rich spectral information; however, the spatial resolution of this image is low due to the limit-
ations of physical devices. The panchromatic image has high spatial resolution and clear spatial detail; however, its spectral resolution is
low. The fusion of multi-spectral and panchromatic images is the integration of the spatial detail information of the panchromatic image into
the multi-spectral image to generate an image with high spatial resolution and spectral resolution, which benefit subsequent image pro-
cessing.

A method for the fusion of multi-spectral and panchromatic images using chaotic artificial bee colony optimization and improved Pulse
Coupled Neural Network (PCNN) in a Non-Subsampled Shearlet Transform (NSST) domain is proposed. First, Intensity Hue Saturation
(IHS) transform is performed on the multi-spectral image. The histogram of the panchromatic image is matched to the histogram of the in-
tensity component of the multi-spectral image. The intensity component of the multispectral image and the new panchromatic image are then
decomposed by NSST. Next, the low-frequency component is fused with the improved weighted fusion algorithm. Recently, artificial bee
colony algorithm is one of the effective swarm intelligence optimization algorithms, which can adaptively determine the weighted coeffi-
cient. Chaotic bee colony optimization algorithm is designed by introducing the tent mapping chaotic sequence to avoid premature phenom-
ena. The chaotic bee colony optimization algorithm has high convergence precision and rapid convergence speed in global optimization. By
exploiting this property, the optimal improved weighted coefficient is determined by the chaotic artificial bee colony optimization algorithm.
Mutual information is used as the fitness function. The improved PCNN method is adopted for the fusion of high-frequency components. Fi-
nally, the fused image is obtained by inverse NSST and inverse IHS transform.

Many multi-spectral and panchromatic remote sensing images from LANDSAT TM, IKONOS, and SPOT 4 satellites are tested. Qualit-
ative and quantitative evaluation results are obtained to verify the feasibility and effectiveness of the proposed method. The proposed meth-
od outperforms five other kinds of fusion methods: the IHS method, the method of Non-Subsampled Contourlet Transform (NSCT) com-
bined with Non-negative Matrix Factorization (NMF),the method of NSCT combined with PCNN in the subjective visual effect, and the ob-
jective quantitative evaluation indexes, such as information entropy and spectral distortion.

The proposed method can effectively preserve the spectral information of the multispectral image, while the details of panchromatic im-
ages are injected into the fused image as much as possible, effectively improving the spatial resolution of the fused image.

Key words: image fusion, multispectral image and panchromatic image, non-subsampled shearlet transform, chaotic artificial bee colony
optimization, improved pulse coupled neural network
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