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Adaptive 3D image segmentation based on optimized PCNN

TANG Ning, JIANG Gui-ping, LV Qing-wen
(College of Biomedical Engineering, Southern Medical University, Guangzhou 510515, China)

But the typical PCNN model has too
many parameters difficult to determinate and consumes too much time. This paper proposed an effective three dimension image

Abstract: The segmentation algorithm with PCNN model has many natural advantages.

segmentation model that integrated multiple PCNN models and the statistical model. It was used to segment brain MRI image
into gray matter( GM) , white matter( WM ) and cerebrospinal fluid( CSF). And the segmentation results were compared with

those of standard PCNN,
method is fairly accurate and effective.
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traditional Otsu threshold, SPM8 toolbox and expert segmentation.

It demonstrates this adaptive

adaptive 3D segmentation; brain MRI

-
L2 1*1+/3L, .. L, %@ v
: S tant |1i
. UH LR 0] esbold
whe WE o Zh i
Bhomn BN SN BN AN BRI AN
(2) PONNMETTHAME () LIEEERAKE (o) AXHEMRAL
{ERRLPCNNARLRY PCNN#EE!
E1 PCNN#E#!
Fylnl=e FFln=1]+V,XmuY,[n-1]+S, (1)
Liln] =e tLyn—=1] +V, SwyY,[n-1] (2)

KD A2) o, TR i Fon 008 (i) IR 2T Fy Ly
IR AAER (i,7) A M TT I B A5 i A T EE R A 5 S O M b
ARIFAE 5 3 B A& 26 (L)) MR R A% BE s m Al w
G 31 B A A RIBE B A\ TR A 2206 22 8] 3 R RO 5
ap Fla, ZPHAREETE Nk AT S8 P A A 22 S0 i AT
T LA AR R T I () 8, — MO0 T, ot N 5 A A
T 28 0 22 ) ) S A5 SR 1) 6 RSP AR T, R 2 1) Ko A
[ 5 Vi Vi, 2350 R BOSH BE F F) W BE R Hism S5 m 2205 Y
i PONN 2 (i) AT N i Bk s i o

PR, SeZa B A — I IE Y S G L SRS S
ki A AT AR ), AR A 220 RIS 30 U

Ugln] =Fy[n](1+BLs[n]) (3)

PR R AL U A% i B M e on Z I R BEESR E . H
BHERA L AAE USSR T RABHA Bo

EEWB: 5 & AAHG X £S5 857 A (2009B010800019)

TEEBN: ET(1986-), 3, Hd#rmA, MR A, L& R 7 & H B 5% (elegantfox@ 163. com) ;L3¢ -F (1971-) , B, 4% , W+, £ &
BER T 6 A =T AEA A 3 R (1970-) , 5, 813048, T RAT R & 4 AR L.



- 1592 -

it F R R AR

% 29 k&

Jok e A 8 G e R (L T A ) B ke R 7 A g 2
B2 TTH s — bk, Bl 28 T I 190 i S (5R S B 2
(L (4)) o HMZITTHYBIE 0 it U I, Bk A 45 it 45
IEAEF Tk R TE A R (IL(5) ) o 4545, BIME 0 ST 16
TRBCR R, 2 0 KT U I, Bk ob 7= A= g 94T, M2 o0 st R,
K BIAE TR it — A Bk b i v 7 41

0;ln] =e 00,[n-1]+V,Y;[n-1] (4)
V,ln :{1 it Ui[n]>6;[n] ()

0 otherwise
Ferh v, B E R IR R R A o, S B2 B(E R D )
R hE(S) AR, ARG ST U i B 0 I, i 2oty
WHERERECR ity 1, 00 O, Bz oc itk o — e
FEARE PCNN BRI 1 A= 00 2250 19 190 (F i R e ol
FEPE , BRI BE A P RHEART 5 AR 5 BE WA Rz ) A2 PRy
P ARG TS LA B SR e 52T DR I R P 4 T e
SR Sl 285 (L, AN (A5 A B Sy 3 B o] sk /b 1 S g i
SR HE A TR ik VDR A 1 (e 1
BTN E, w] LA SR e 6 AR B A 2 fe L o3 1 B {E
AR A T i A KL CANTAT (b)) S AR R I /b
TR R R
Frit =z 5k, HAi 4T PCNN 408 1k 3 224 o 1 iy A
43107700 Eckhorn BEi A5 AT AT AL -
Filn]=8; (6)
L,j[n] =VL2W;'/A/YM[”_IJ (7)
RIVRh 280 I S A5 A S T PR, s A RS 4ot B —
YR AT R o Yao 2 OV AR 17 FH T 0 190 i i 5
B 738 ER T X AR 5 TR B TR
ASCAESS & IR I A s A BERE |, % PONN AE T it —20
AR (AN 1(e) ) o BUIEfS A TR R Sk T

Fyln] =5, (8)
Li[n] =XwyY,[n-1] 9)
Ugln] =Fyln] xLy[n] (10)

;[ n] = const (11)

(12)

i

- :{(1) i U,.j.[n] >9;[n]
otherwise

HEBATTEAF BT FEA M a) /i T b
AERGY AWM R (AnsX(8) ), HX T SR AL 5
BRI YR AR SR A A0S R AT Gy T S0
AN I 28 T B AR B I e (5 b)) R B B e i A
WY, B AR R BT (9) ), IF A HH — (R e AUE &
B w HAE O 2T R BUE IS KT T AR 2T EZ
LA, HpO R 2800 HS2 AR 3 220 B B MR Wy T AN 22 524
AR 22T T, HA B A BT T s o) AL A AR T 3
T, A H R B A5 B B AR AR (= (10) ), D A 3 3
Bl I IR B IR AR A I SO WA, AR 0 TR 5 8 A8 AR B S
FAHURR, H 5 T PONN BORE B P5 d) SR RO, 4543 Xiao
SENFR BT, RSP TR W 2% 19 288, i e T PCNN
PTG 23 5 S O LU € 1 )

WG GETHRA R — R R BUE S, St T R & (5 R
RN T4 R ZREMGAR L, A R AT R 583
— B E RSO, BERA 71 M P15 21 0 £ B Ak
KA EI G A 2 5, DRI R A B R et L e
FEPEN T A SCHE 19 PONN BRI 5, 258 1 B — Fif

FUE N A s fI 5k . ERAREE S, 2 PONN 7ERRR 3R
ARG A I3 B ) B PR (RIS R Y [ n ) 1Y
A RIMRE H(p)
H(p) = = (po logy py +p; log; py) (13)

Herfrapo wpy 230NN Y n J IR 9 1 800 O (R0 11 K
AR BIBER . IR H (p) SR I 45 AR AR, BEI A9 5
HH X R RT3 K 4G

TESCE Y 2L R is T IR A1 PCNN B ALY
it I el 1 WP R AR e N Ly Rv s (WY AT o DS N = Do
L

2 WMALRHN=ZHSE

MRI PUHARS AME AR 34 52 H AR (42 3l 52 M
NERER, BTz T EE EGAT . A MR E &
GBS R T RS B S 2 A S B E L T
SR MR R I S e LRI A R 0 1
R MRT BRI 15 838K B T 4 1 43
1 R B 27 P (A B M R ATEA A,

REICHRMA A (5 LB 2%, I 25 LR Z [l AH LR B HLefy
TS, AR R Z 6 0 22 SRR, LSO B R o
RGO ASIG SN 8 23 5 RSSO, NI 5 520 i B ) PR AL T
AN E PRS0 I AL A B O SRR ME . A SR A
I MRT P45 14 e 36 S 0RE -5 Sk 2L R 70, SR I PR
PLAny PONN IR Z 00 50 KT A BT I W T 580
FFH IR MRT PR 14 S 50 R LR B v S 75 i 88, AR SC e
A R AR AE = 225 8] 52 I
2.1 FukbE

TERIG Iy EI FE R, IR R B N A S 2 1 S5
W, IR 2R BT R B 19 0 BRI, 5L AR MR Z 5
P MR I 430t BOR B> 0 — B D, AR R I P A
BARR AR, AT AR LR 2 B A2 U S SRR R 15
TRV IR RE TP R BB MR, IR A4 m] 0
/1N

AICH AL ER H D TR Sk A0 OF B
AR L2 1) 5 PRl A 45 80 1 - R T R -5 T 9 e
DL FIBE . Soxh =GR Otsu (ML, i K28 J5 22
) 1O S R B SRR Sk L GURHE 5 SR SR T S 4RI A
FITERAE (S P2 K ) 25 B3 R % F 20 43 1) 28 3520 05
FH =2 DR A5 2 58 8 10 I 28 21 5 B 2 1T i 2L V88088 11 1L
JrEL RIS B BRI BRI (PR a) ~ ¢) X
ISR INE L PR -

a) R RBRE 5. fE=4E=S 8], i MR R RS
FIAREAT WL 570 5, X JEUG B = 4ERE #E4T Otsu 231 RIAT 2%
ARG 5 B2 8 5t DX, A B S B A I 5 3 gL U (PR

b) A2 B AN Sk A e 3. ZRUROLT il ad 3
(B BT 7 TE AR UR Sk U L AT E A 22 R0 fil
HLVEEALAFAE — LA/ N T X S B2 TT AR o fif e ix
— AL T — AR T

o) XU KA 3 SE RN L 2L, il B S 38 iR n]
KA T PG kI A BOR B, 5F B2 S8 Sl 2 e i)
(5, PR R A S BELE IR i 22, AT Sy 38 iE
RIRT o 285 = 4E X 0% S 15 B2 (BRI B S



%4 3

AT RALe PONN A3 = S B 53] Fok

- 1593 -

PG AR, W75 2 I 1) i 2H SR

) IR E I RIS B{E. INEA gt 5 r
FIC1E 2(a) ) BoA =AW A P, 4 IR BE R B /73 3l A 3
USR5 I, EUR: FLT AR SR BT AN e A7 AR BN
By (B 2(a)) o BT3RO B 7 AT 5wl o A e s, — i
KRG o AKX BT AT LA A5 8 B = A e
P . X T LE IS 9 ET SR BT N AR AR S 22
V1% B A R L PR o 5 1) B A T -5 Ml 9 4 13 D)
(E2(b)).

1 TAEIRE
PR ZHELR  F30E  H50E

H702

2.2 =%k PCNN 532l

2233 WAL BRAS 21 T 58 3 114 fiki 2 28500 LA K 9 A e 1t 43 51
B, BT TR AR K, e 40 BT, 2R 05 AR B 4y
B KT . AN, BB RO T B 2412 WA i B S,
B2 DA ZH 2R S Hh s 2 1 B S R 5, A5 B I T R

& 4i ) PCNN HIF 40 HI0t, S8 A R RO T H AL E B
VI B 2 B s Wil B B 1 o A SCEE i i ik PCNN (&%
Gy Ik AR R B E AR R, R T PONN BG4 IS4
PERERIMERS , A XHME G s 2 M 28 2% ] 3040 AS R A BB , A
SCHUE A2 70 (G AL B A1) 5 HAR 219 26 At 4 T A
IR AIE— R E AR A R OFRAL I 2 ITAUE
S N TR S | 2T ' = Dy 1 W2 9 3l e B vkl B 17 w21 A (] <6]
HEEERUE N 17108 ,2/108 37108, I FLF H.0 i 28 5T 1 AUEL
P4 58/108 (E 3) .

2/108 1/108

— K i
B -
7 P I_ | L)
(a) WAL E 7 E i ‘/_»t-s_q; :___:i. L":
\ AT s
s

P

) BRI TR T B O

K2 WALSETE B3 #EEEER RAE

BRI A2 A LR S, o3 BN BEA T, B Rk
H, B RARERS LAY 73 545 8 R Rsle, B 00 A F b 4055 1
HH o FIHN, R TR TR A5 R AR A TE IR B iR
SR (L T el B30 1 A TG R AR, 30 B AE e Rk AR B R
N, o BARRFERBMT

) WIR S E, $ bR B Y) IR AL AR R w2
F,ln]=S,,Y,[0] =1,H, =0,Rsl, =0,

b) NG SN Uy [ n] Kitho Ly [n] = X wy,, Y.,
[n-1] ,Uljk[n] :thk[n] XL;/A[”] PR Uijk[n] >T,Yijk[n] =
170 Y,y [n] =0,

o) W ECREAGEM o i Y n IHRAR R R HILR

WKSE H, , In H, >H (W H, =H ,HRslt=Y[n],
&) FIREACREEEHR , WIRBR R K BIED 0 > N, W45
HEAC, Rslt B 43 BIG2R s B NER EEEER b) o
SO K= 875 7l Do N = Wi )i Ay =R D
G825 TS I TS B IA, AR 2 TR o
R2 ARILFESBER
AL ZHER F30E  FSE BB

F902  F110E

H
Vi

FAE AN

3 LWHER

SR TR RS A 1R 5 08 AR SO R T MeGill R
McConnell fif [ 15 0 BOTELR 8 S B Y R EA T 0 30, OF:
L5550 Osu 4B B SPMS T BLA 4 B2 Tt 15 T
Le#s . S Ah, % FH S 38 R 2% [t @ £ B Massachusetts General [ij
TRIE A o0 1Y N 28 R AR HE 43 E JZE (Internet brain segmen-
tation repository , IBSR) 42411 20 41 1E# AW H MRI E{Z 4
SR | HCBA SCR: ARt PONN B3 Otsu 7 SPM8 T
B SRE T 545 R EF R (overlap rate) .

R F Otsu 42 Jry 18 825 % A [m) K50 4f 647 23 1, e HIAR ]
MTRAL )5 ¥, AR5 2 Bt =28 4L, sk 3 R, W RAE S,
ZER BN GRS 3 B A 5] R R 2

#3 Owuf ISR

SPMS8 J&—A> MATLAB B4R, &7 2 0 T AR ER 1Y
OINT, A B o RS o JLARIEM 4 B 575 (8 F MATLAB
SEPR, FFTE I AR 42, %R/ Ty 256 x 256 x 150 (6 Jiki 79 S 1 F
P18 2 8 min DL b MIFEARH RISTTRCR ML T, B
S EITIIRE S G 25 R S T RE A3 AT AR AR TR AT i AL B B
TR, p T SPM8 3 H T A A A A R LK S IR
ARSCR T SR (4[] — 1 (AR ] A T4 3 1245 3
L, 95 H SPM8 X i 4 it AT 51, 25 R N3k 4 s, %
TR BB TINS5 HL b S G Wy e 3 BRI 5, i
AR SO it Gk IR E AT Y, (EUJE W) A 43 0 A 9 X 38K, 5
PRSERRAR 22 AR K, 3%t S e T PCNN 235 £

F4 SPBAEIG R

AY ZHER F30E  FS0E FBOE  FOE

H

E1102

X

FE AT T 20 3 FURS BE 19— AR, 2o AR
EITEAR R AS R IR R BB, — A Ok S %
F T RIE AR LR, BB AR, Fm %07 1 R



&[], ke F - #0k,2007,18(5) :622-624.

- 1594 - HOE R R R A %29 %

B (FEE W hitp ://www. cma. mgh. harvard. edu/ibst/) , [3] RF, Rz, ke, 5. ATHEBE A PCNN B4 5
%55 4 TACSCE B bR PONN 253 Otsu 3 SPMS 41 k1], SHIALE AL &, 2009,19(10) ;141-144.

M5 5 IBSR & 540 H 45 Wi K R [ RSB TSR, 1 [4] XIAO Zhi-heng, SHI Jun, CHANG Qian. Image segmentation with

3 AT + L /H Z3) simplified PCNN [ C ]//Proc of the 2nd International Congress on

e 5203 B T A I FUAE R R o RIA R A 2 P &

5 I R A RN Image and Signal Processing. 2009 :1-4.
Rk ~THD PN
Tk oy R [5] stk sp R K. —A#PK TR PCNN 09 A & BB 5 2 7 &
R 0.604 0. 609 [J]. &5 %3R,2005,33(4) :647-650.
Frtfis PCNN 0.592 0.604 [6] FE4A,%me4&. —FPIk T HiAL PONN #9 2o B AR 531 ik [ ],
- 0497 0453 FHOKFFI,2010,34(1) :74-77.
SPM8 0.601 0.631
L5y 0.832 0.876 [7] LIU Qing, MA Yi-de, ZHANG Shao-gang, et al. Image target recog-
. . e nition using pulse coupled neural networks time matrix|[ C]//Proc of
AILAA W, AR SO AR I PONN B39 43 I0RS 18 32 30t 32t o
o f . . 5 f Wiz o m the 26th Chinese Control Conference. 2007 :96-99.
Otsu J7 1% , [A) IR 78 ROHR g 703138 B2 B9 1% D0 B A) LL s 1 PCNN _ . . N
A = o = s [8] JI Lu-ping, YI Zhang. A mixed noise image filtering method using weigh-

Sl sims i — Lo fRR KB B R IL SPMS SR ity Jy ik 2 ted-linking PCNNs[J]. Neurocomputing,2008,71 (13- 15) :2986-3000.

b 2o V] L [y St
AR— 28, 17 phy - SPM8 L H0HE LA 53380 th 7 1k X B35 AL i [9] MA Yi-de, LIN Dong-mei, ZHANG Bei-dou, et al. A novel algo-
ARSCHR R 5 00 G Y E A SRR R — 2 rithm of image enhancement based on pulse coupled neural network

AL L SR A C+ + 78 CPU 24 2. 66 GHz, N time matrix and rough set[ C]//Proc of the 4th International Confe-

702 GBIEH LI, McConnell i 5 o B2 AL 1 4] rence on Fuzzy Systems and Knowledge Discovery. Washington DC:

14 H0F% R 181 x 217 x 181, JZ[A]#E &y 1 mm, IBSR #2445 E & IEEE Computer Society,2007 :86-90.

BRI IIN 256 x 256, JZEUAE 60 ~ 67 Z[A], SL56 )5 X AR S [10] YAO Chang, CHEN Hou-jin. Automated retinal blood vessels seg-

Akt PCNN 54R7E PCNN B3k it s rE e A %50 b, 32 6 Jir mentation based on simplified PCNN and fast 2D-Otsu algorithm[ ] ].

o TEAHIR ST A SO y: HoAT A PCNN 43 %) Fr s i ] o e Journal of Central South University of Technology, 2009, 16

WD BB R I RV S B oK (4):640-646. . ‘ _

J56 P PONN 4 40 RER 1 B [L1] BsUis, B 2, F A, — A2 T akoP 3% 640 22 1) 26 4o B 40 06 09
e P i PONN B3 B aE ik[T]. @43 $4%,2002,23(1) :46-51.
McConnell 27 s 2564 s [lzJ g‘l"}'\%{%,ﬂﬁjﬁfh,gf‘%/ﬂ? %%%ﬁﬁlié\*ﬁﬁéﬁﬁﬁgﬁ MR E'f%é]
IBSR 756 s 7551 s o [J]. HHETES B, 2006,42(24) :207-210.
— [13] AE, Bk R. 6K F A RRAERSG MR BEa2[)]. &
4 ERIE FAME % T42,2007,26(1) :44-47.
ARCELE A FCA T PONN 433085 B0 5 1 S |- 45 [14] FU J C, CHEN C C, CHAI J] W, et al. Image segmentation by EM-
= Y = VAN ’
fe o DN NN . based adaptive pulse coupled neural networks in brain magnetic reso-
T ISR T LR A3 = 4E PCNN 23 55035, 5 %0 i MRI
G (S V%‘E&TBW%EX’;& e E'j(lﬁf?)”']?’ nance imaging [ J ]. Computerized Medical Imaging and Graphi-
Pt 1V o N /& 9 e JZIN N T
%l‘ : = ‘ﬂ“ﬁ 9 : = ) Him ; €8,2010,34(4) :308-320.

13 Y AT i B> 2 =g ]
AEARRCHC, LA SRS B RO S REERIOA 15) 9o v piam. k7o awuRBEASI]. FAESY
T E B, AR T B2 BRI i st et B 183 K ,2007 ,23(2) :303-306.

R ; : ~

5 [16] OTSU N. A threshold selection method from gray-level histograms

Sk [J]. IEEE Trans on Systems, Man, and Cybernetics,1979,9

[1] ECKHORN R, REITBOECK H J, ARNDT M, et al. Feature linking (1) :62-66.
via synchronization among distributed assemblies: simulations of re- [17] JEKIC M, DING Yu, DZWONCZYK R, et al. Magnetic field thres-
sults from catvisual cortex[ J]. Neural Computation,1990,2(3) . hold for accurate electrocardiography in the MRI environment [ J].
293-307. Magnetic Resonance in Medicine,2010,64(6) :1586-1591.

[2] LU Yun-feng, MIAO Jun, DUAN Li-juan, et al. A new approach to (18] BITTER T, BRUDERLE J, GUDZIOL H, et al. Gray and white mat-
image segmentation based on simplified region growing PCNN[J]. ter reduction in hyposmic subjects: a voxel-based morphometry study
Applied Mathematics and Computation,2008,205(2) :807-814. [J]. Brain Research,2010,1347:42-47.

(4% 1590 ) [8] YEJ P, JANARDAN R, LI Q. Two-dimensional linear discriminant

[4] ZUO Wang-meng, ZHANG Hong-zhi, ZHANG D, et al. Post-pro- analysis[ C]//Proc of Neural Information Processing Systems Confer-
cessed LDA for face and palmprint recognition: what is the rationale ence. 2004.

[1]. Signal Processing,2010,90(8) :2344-2352. [9] LEE, JH, PARKS, AHN C M, et al. Automatic generic document

[5] WANG Jian-gang, SUNG E, YAU Wei-yun. Incremental two-dimen- L . . -

summarization based on non-negative matrix factorization[ J]. Infor-
sional linear discriminant analysis with applications to face recognition . .
o mation Processing and Management,2009,45(1) :20-34.
[J]. Journal of Network and Computer Applications,2010,33
(3):314-322 [10] LIN C J. Projected gradient methods for non-negative matrix factoriza-

[6] YANG Wan-kou, YAN Xiao-yong, ZHANG Lei, et al. Feature ex- tion[ J ] Neural Computation,2007,19(10) :2756-2779.
traction based on fuzzy 2DLDA[ J]. Neurocomputing,2010,73( 10- [11] GANDINI M, LDMBARDI F, VACCARINO F. Blind separation of
12) .1556-1561. manufacturing variability with independent component analysis: a con-

(7] k&EMH, LI, M, %5, —H B0 T AR A L NMF 5 volutive approach[ J]. Expert Systems with Applications,2011,38

(8): 9939-9946.



