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Medical image fusion based on multi-cluster centers and PCNN

ZHANG Bao-hua,LIU He ,HOU He

(School of Information Engineering,Inner Mongolia University of Science and Technology , Baotou 014010, China)

Abstract : A medical image fusion method is proposed based on K-means Clustering and pulse coupled neural network
(PCNN). Firstly, K-means Clustering method is used to segment the source image based on multi-feature information
and the corresponding feature points are extracted, the multimodal medical image feature points are classified and mer-
ged to build feature points set. According to the distribution of feature points,the images are divided into texture re-
gions and non-texture regions. The coefficients of texture region are input into PCNN and the ignition map is ob-
tained ; According to the ignition frequency,fusion coefficients are selected. The fusion coefficients of non-texture re-
gion are based on dual-channel PCNN. Experimental results show that the algorithm can accurately segment image
texture region,and thus take advantage of dual-channel PCNN and PCNN in coefficient selection in different regions of
the image. The proposed method gets a better image fusion result.

Key words : multi-feature ; K-means clustering; PCNN ; medical image fusion

BETIES A 4 077506 — A 1

B (R ARG S — A TE S AR R RO = R, (R
B R R O A PTG IR A TR AR 19 AT (0
T 7 A IO SRR R
PR (CT MR I PET SR MEFF 00 SRR BTG (N 01100 A5 173
G5 AP AT R IREC I —FRURELE THEEE o ooy st P FEA (o o0t B

B G R, AE S EADIFRAL TR, BA R TR SR C1981 ), 5y, BB, B2 SO0, BF 7 10
J B EG AL B, E-mail : zbh_wj2004 @ imust. cn
W F A o B 1 :2013-08-06 ;{857 B #:2013-08-22




Bt 5 40 4 No.4 2014

HRFEARSE BT 2RO PONN A B2 2 R Rl 5 5k 453

(1) {8 SR AR 7 il R 3R b 25 TR AR D 5 R AIE R IR MR
fil S A B GE T R P SR IBURFIE (5 L
R LT 28 G 43 B AL BH Y 2o 5 o O % IR
Al A SR AE RS G R AL A B 0 il b i A7 ik —
BER, R F — B ORI . B R R B
JEEARAG , W T ™, R B A 2, X B A
oM AR R PR 7 R TR B BR R S R
FEAR 7Rl R E, M TR R RES, 5T
DR YRR IE SRl 5 25 I T AH SRR 3R 2 18] A AH
KA, S T IR AL , R ARG 1 TR 7 Xof 2 i 4 o
FE BT, AR R R SRS S BB $E K
BEAMMEL

EIHRAFE{F B AT LU o i A de br & 3, e 4615
RIME G B EZE PR SEE B TR RS R E X
T o X 28 TR AL 3% e 48 bR 23 A B B 2816, Piella
2 NI B A o 22 R £ L Bt P A —
FRRFAE Y 2 RE S0 B, B A RO 48 IR R SO
B AT I &R B Rl G PE O I FE AR A R 2 HEAE 43
BT 8 2 AR AR S R 7 ) AR [ et 22 ] R 0] o
D, B AR A SO I, AR AR 23 AT AR S X
S, PR AR 25 R L S RO , A AR A R
K.

ST UL B IR, AR S i K-means 535 %) CT
MR EUG AT 5SS 70 B F0 X sl o0 1, i B IR AR AR
KRR T it R RAE 2025 (B SO SCHICH, R
CT F1 MR E84% B B RFAE 3 15 43 A1 15 00 I 32847 [H]
KT, IRIF LA b XA E SO X, 753501 )
JH PCNN F0GH 18 PCNN il 5 fill -G LN, e ml &
FHL R BIREE R
2 Z4%{F K-means Clustering 1 m-PCNN
2.1 K-means Clustering

RIS AL IR R E A AR R o i 2
ASARABLRY 2 B0, 3R 28 ) R A G B o SCAH B
CRH S ) 2 S o DU Rt e %o 840 0 A X o R 7 %
i SR T AR BRI A TR 2 R T [ R Ak 3
AN X 53

K-means S35 & —F B0 A0 (1) SRS 1, B
WA NRETENR A BIEAEA I, I
HAEZ R R L, il i 3 A0 B £ 40 47
RIS, AL 1 S5 11 DA SR S RE 1 U
I R BAGA B fe . K-means 55325 50408 AH DG Mok, 2%
PRURECR BRI/ R MR LA KB 43 A1 155 1
RIE

K-means 52206 n MEARN 733 K AN T =

W gy di b S TRNARA Y B B AL, 7 [R] R
REFME ., B Arg = {Arg, Arg,,---Arg,} N KA
FEXF RS o Arg, 25 T, MR REA P
BE, BT LA 2R AR IR . K-means
SR 3 e/ M IS N TR 22 0 AR D] R 50k Xof £ af
HEATRI ST, H B AR R EE LT

TMLD) = 3 3 I, - g, (1)

Ji, = im, € M}k = {argmin |m_ - Arg; |*4

(2)
m, 2 e Jom,
2 I J, | (3)

X T ZA4E 8 (AnE4) |, K-means 5335 7 i i
BB UGN AEA R, — R R R T
—MERAEN: L, , 1, e ROBAEA R RIEM KA
o

K-means B3k FZAFELIT JLAE R

(1) WhaAl: FEFLIER K DR

Q) FEARTRIR TR —DERR ABEAN LT
O RR ER IR R B A ) 43 3 R g i i 2%

(3) 38 R AR B 28 P 5

(4) HIZALHR 2 F0 3, E 3 ) ek Bl 8, fel 2R
FeD AL, T3 K AN SRE,

3 FEL P 9 D e SO SR R 251 R UE DU pR KR
HW RS ORI R s Z ] AL RS 38 5 e AT 22 18]
R B R FTR B BBV, FROR B R R R UL
PRETEOR , 1R R A 28 57 UK . K-means 55094 18 i
TEACH TR S v O A5 A A B Sy BB e A A, SRk
HA TR o PR HLRE A% R i A SR i A . H
J2& , K-means 5535 1) 58 28 Jot 2 56 4 OB 900 46 A 1)
VPR, H 5 S ST 2, SRR Eed Je i A
BEFR, B R AAT 45 R 5 O B R E A R
K-means 32511 ] B 18 B A e/ M, FLIE S 25 Bt
MR 3 AR, H R B R 2 5o T R
Jo i R S
2.2 % ¥4E K-means Clustering

K-means S35 ) 1A i £ 02 D8 IR K BT 1Y)
| BEHLE 25 AR £ I A, ) 2% ik 2 AP 4
BHENBIsu s ES 2 I =P ESibh AN PRS2
N TR e B T KT i R 0 E ) B R 2K
N B, RIEE AR E X A R T
FURRBE A0S R, AR B 20 A1 15 DR ) 46 SR 2R
HUDIFATIROE o AR SCEF X S 22 RS I e A, o T
GRS SER A3 R EE L i N T 2R ] 7S (] JE

Arg, =



454 ot 5 e s

544 %

% RIS 3 2 1) AR C T AT 7 1 T4
A 1) 22 () 3 R S L 329 o v 22 | i RO L
(ELAFRRE [, {5 B0 AT DA i R SO R i g
Vi, PE ARHERE I OB -5 RGO BE S 45
SVHSE , T DL RRAIE 25 (8] 1] 1R 0 16 5E 00 1 SR 26
LAY o

ARG ST CT A MR EHRAR 2 B RFHE 1]
ZE (8], I K-means 553 047 5273 Hr A0 PRI 45 XI5k
o, T RSO (R RS AR S 1]
E SCHO SR, [ 1 IR BRoa RSO 47 2
FHIE SR B3 B A RO L T L (a) L (b) 2052
CTFfl MR 1%, 1(a. 1) ~ (a.4)F(b.1) ~
(b. 4) 7 5EXFE 1 (a) |\ (b) #EATIRZIME i A
WEZE ORI BEAH 55 22 AR SR 2 70 A5 B 10 LU 73
Al L Al LU B, DR AR 23 (8] O R 2
O, BEA B EUSR IR LA S, S BRSO
BZRUCHES T ZMBER 34T, il LU T —224%
FRAE T AT IR S 4 9, ARAT SU R h X IR 2L
H ISR AR o

(a)CTHER

(a. DA (a. 2) RIFEA (a. RMEZIRAR (a.4) ORBBPEM IR

e

(b. DIYERSE

(b. 2) iR (b. )HRUEZE RIS (b. ) BB IR
K1 ZRAERZH

2.3 m-PCNN

fik 84 i 25 M 2% ( Pulse Coupled Neural Net-
work , PCNN) 24 25 4= ) 7715 5o i — o B pp 22 1)
2 AR S T2 20/ TAE AT S i & R 48
R AR R AL )RR T R B AT 2Rk,
A LSS DR AP A 5 {5 B, 18 BG4k AR D7 1 A H
f) 2o

PCNN (i 2/~ pl 28 o G, AP & oe 46 =

43« B2 U I, ( receptive field ) | ¥ il 38, ( modulation
field) F1 ik v 7= 4= %% ( pulse generator) , PCNN F) 45
R AHAR R 28 o0 ] & [m A8 Bk v, 24— EEL
ANPZETC AR it B K £ 5 A% 1% B AR A Y o 22
T, ff 2 TG A5, DATTIX — HEA 22 TR T B 15K 5
A EECN N IT T A T R TR SO, X —
T AL TG b A2 0 AH AR B 22 5T, DA T s 3 — Aol
LTI K o B Z TTIOR I FEFR A U, R
MIe S BHR R B G R  H — R BRI 1R
FAEN R BB P 28 2% v S ARAS T BRI A
KSR T A KRB 22 %o 7 A A B A
T A] LATE B0 3 s R Rl b il SR R
) R R IR BOE FE R B

H1 T+ PCNN Xof [ 45 v O g DX ik 1) 7 8 28R
%, MAGHEE PCNN( Bl m-PCNN,m =2) 4[5 2 fir
71N, R PG v Qi I i DX B R AL ) Ak AR 8
U N R AR AR O 53 A0 15 0 AT 432 5 4 15
i PCNN FUBGEE PCNN AJ DL AT it $ B P 1% Hh 4%
A I RHIE

Sij

The receptive and modulation fields Information E
' field

B2 WGEiA PCNN

3 BEFREENSNBEGREH

A SCHIH CT il MR 245 B2 2 MG TR Gl
1 K-means 535 R HL PURRAE , 5 BG40 R 8L
BRSO PG ES 43, 43 AL 9 X358 N7 il A DU 3
Bl A 250, TR 80 SOPE A s B i ARy, i
B EGAE B w, BUG B A R R
B
3.1 BAHEFEEEUTSE.

(1) 43 5T 5 I s TR 0 B4 08, b o 22, T, I
KA S5 8 ME IR I R b (5 9 i 15
R0 = A AR A 5 BT 1 & WL PF 48 A
—3;

(2) i3t K-means S0 19 g Y2 12 450 43 ) LA 2R
FeH I TR 5 B RRAE 23 (1] 1)

(3) HR AR RFAE 225 (7] i it B s R4 P R AUE )
A X, L 1 0 T 45 % o 107 DX 3, 5 B T (AR
SCH T Ry AR B AR — 21 ), 4 0 g [ 45

Pulse generator



Bt 5 40 4 No.4 2014

HRFEARSE BT 2RO PONN A B2 2 R Rl 5 5k 455

R B KT A P B A BT 43 I SR I
I D3, 7 SR SR X3

(4) H 8O X SRR ZE Al A PCNN i 28 ) 25 15
FN45 A S WS L IO S s R
IR R RAE RS R G R

(5) K ARG X 5 2R 8 i SUE i PCNN
TG

(6) i fl & R BT RN EA ER

B E AN E 3 iR o

> B
mzmi& A" AB' % PCNN
[raten | 1 A"AB' [ pcPeNN
HREAE

B3 EA iR
3.2 @AM
3.2.1 SR RIRERASHAN

il PCNN S $ERl G 580 X R h AL T 2088
X IR A BEASCRBGT o 4 BEIZRB A PCNN 2377 4 i
KBS PR S8 A R R UK, W] LAAE 2245 (R (5 R 3k
PERL G R B TG LA
3.2.2  FE&LFE R IRERAALN

K HIRGH JE PCNN 4% 2 44, XG#E 1 PCNN /]
e PCNN A B2 27 P8 D I DX S8R A 326 9% 19 2%
R, 5145511 PCNN A e, XGEE PCNN J2 iy 9 1]
fb PCNN FAT4IAL, el i B LR R A I(x,y)
RO E R 3 x 3 AR PR 3 A R At
R 3 AR 25 (E A5 2 H T B/ IME R K E B
KAEFI e/ MBS 2E 155 j, 4

B = (1 +e-73j(x-1.}‘—1)) (4)
Fo- {Am.,if( U,[n] = Filnl(1+8)))
B, if(U,[n] = F [n](1+B)))

(5)

Hr, F, FoRG ARG A, 5 B, iR RIER
A B PR R R KB U, 9 G sh . il
1 VEFE P IE A 2R NS S U, R A
BR AR ICRES . RS (S) LEFEPTIR R R
WU, REE NG BB R R
4 KEHERRKSH

LR KRN 256 x 256 {RFEAYIKIE CT A
MR G S8 R (Cnlsl 1 (a) L (b) FioR) , B3k
LB 4, RO 100, HI TR 73 B R FRAE
OPAR XIS B T o AR IR —F , LR B
Intel {45 3. 40GHz, N7 8G, 1T fff, AT LA
[ R 5 7 35 AT R A R, , AR SCE % 53 S DU b il 5 7

AT HOE: AR SO 3 5 vk L Bk T L iz 3 4 1
(Laplace ) ., B8 8 /N 2% % ( DWT) . PCNN #1 FSD
Pyramid fYRIG I, K 4(a) ~ (e) 735 )2 TRl
BRI A Rl 4 WD R B, T
Laplace J5vARYRlA EUR SORAE W, 56T DWT
PCNN J5 i il & BUG 52 i8 o0 Phse T30, i G o
A, BT FSD Pyramid J7 ¥ 9 Rl G R R 2k 31
B EL R Am I o AR SRS B Y A R S R T
VR EUR , SO W e

(a) A3 J5 72 (b) f:FLaplace/s ik (&) FEFDWT ik

(d)FEFPONNJT7%: () #EFFSD PyramidJyik
K4 mEsRIE

XFF B E R R A, BR T T X s Oy
EAATE T Z 51, i al AR 3l % WA $8 b A 7
SEREPET . o MI R & S A & TR AR Y
S H A AR R, A R M R D] 3 B R A £
WaL#Z ; Q""" WJZ AT Sobel 11 LA K iy fk 3K
RNGAE BRI Z A g Q" K B AL & R
NV TIRG RS W E A VAL SEgblo i g i)
HUBEE . FIAREG TS B RS EHR WO R
PRECELINGE 1 7R, w] LLFE B T A SCRT $2 07 14 19
Rl PR 845 AR A 2 WL o T Al 5 9%, B A 5
LRI R

x1 Be EHGREWENIEAT R

The proposed method | Lap DWT | PCNN [FSD Pyramid

MI 4.4229 2.7081 | 2.4050 | 4.4009 | 2.6206
QB 0. 7361 0.6419 | 0.5635 | 0.7305 | 0.6628
5 & ®

ARICT7EA G T ZHERZE 50T A PONN 941
L TEZ R RS T R Al E oK TR X AT T
53, 8 33 00 i R Rk A L PR T IR SO A
B HeE TG R R, SLER A SRR T AR SO
H B PR Rl Tk A R

SE

[1] Piella G. A general framework for multi-resolution image



456

ot 5 e s

544 %

[3]

CASTECH

fusion; from pixels to regions [ J ]. Information Fusion,
2003,4(4) :259 - 280.

SU Dongxue, WU Xiaojun. Image fusion method based on
multi-feature fuzzy clustering[ J]. Aided Design & Com-
puter Graphics,2006,18(6) :838 —843. (in Chinese)
AT, R/ T Z RO IR S 1Y [ 14 ik 5 T
LDV B U B B 5 B 222 41, 2006, 18 (6) -
838 —843.

Pen a JM,Lozano J A,Larranaga P. An empirical compari-
son of four initialization methods for the K-Means algorithm
[ J ]. Pattern Recognition Letters,1999,20:1027 - 1040.
GU Hongbo,ZHANG Jihuai. The initial cluster centers
optimization of the clustering algorithm [ J]. Journal of
Xi’ an Polytechnic University,2010,24 (2) .222 - 226.
(in Chinese)

Bt i, SRARAR. R BRI IR R PO R[]
P9 & TR 41,2010,24(2) 222 - 226.

ZHOU Aiwu,CHEN Baolou, WANG Yan. Research and
Improvement of K-Means algorithm [ J]. Computer Tech-

BRAHE —

NEW
AfIA%R

F-Theta Lenses

L B O&#

o ke MM RG89 S FX 95 HeR M Tk IX

. BREE
- BB RFERRIRIEXIRAE
A

S,

EEAREHBE=ME S AT

NdYVO4 &k K= 5

Hl 1fi: +86-591-83710533

f& H: +86-591-83711593

nology and Development,2012,22 (10) ;101 - 104. (in
Chinese)

JAZER, MR b, £ IR K-Means 55325 1) WF 58 5 4 ik
LI RO 5 4 € ,2012,22(10) 1101 - 104.
ZHENG Dan, WANG Qianping. The selecting algorithm
for K. means initial cluster centers[ J]. Journal of Com-
puter Applications,2012,32(8) ;2186 - 2188,2192. (in
Chinese )

I, EWF. K-means HJ IR h0 ARk [T ]
HENLN FT,2012,32(8) ;2186 —2188,2192.

YANG Yuetao,ZHU Ming, HE Bogen. The infrared and
visible image fusion Based on region segmentation and
non-sampling Contourlet transform[ J]. Laser & infrared,
2010,40(11) ;1250 - 1257. (in Chinese)

P, RH, SRR 5T X0 AR R A Cont-
ourlet S4B 2L A0 5 W] WOL K& A& [T]. Bot 5 4L
45,2010,40(11) ;1250 - 1257.

Zhaobin Wang, Yide Ma. Medical image fusion using m-
PCNN[ J]. Information Fusion,2008,9:176 —185.

SHE WA mIRFIIEL 1t F m IR HE R

|~ 5 = 53

HE £k M O 2 i A

DR A
7GR R G A
OO R A
B A

— BRIZTLE

. R (AR EE [ 3% 8%

- RHTBE. BEBE. B

YA VmIRICAE

. IBS, LAD;eh 5115 B {8 4% 5t

= BERISEINDEF

T ) O s 25 e

R

RS

AR (1)

Dt VE L 2%

1.
2
3
4

) St
4. IR
5. JE OGR4
6. OUITH ik
|7 ot sk

ﬂ

>'Fiii

=

wWEN ;
o
~
®
~

Http://www.castech.com  E-mail:sales@castech.com




