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Segmentation ofmedical image
based on fuzzy C-means and improved cuckoo optimization
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[ Abstract] In the research of medical image segmentation algorithm, the fuzzy C—-means ( FCM) clustering algorithm has the
defects that it is greatly affected by the initial clustering center, and the search process is easy to fall into the local optimal.
Combining cuckoo algorithm with FCM clustering algorithm, a fuzzy clustering algorithm based on adaptive cuckoo algorithm is
proposed and applied to medical image segmentation. The algorithm takes advantage of the globality and robustness of the cuckoo
algorithm, making up for the randomness of the clustering center selection of the traditional FCM algorithm, and uses an adaptive
step size based on the standard cuckoo algorithm (CS) to make the step sizes decrease as the number of iterations increases, which
not only improves the local search ability in the later stage of population search, but also reduces the time complexity of the
algorithm. Experimental results show that the improved algorithm ( ACS —FCM) has good segmentation effect and operating

efficiency.
[ Key words] medical image segmentation; cuckoo algorithm; fuzzy C—means clustering; adaptive step size
0 3 & fEm,

BEE By PR AL BEEOR YRR R a3 1
B AR BRI R . H AT B e b i P O AZ g ik
Bif4 4+ K (Magnetic Resonance Imaging, MRI) | H, ¥
ALK Z 4 ( Computed Tomography , CT) LA K& X
JCIRAHAEAR R PR AR BOR B R RS SR, PR AR K
FAABHIF T A2 1 5 I SRR AR BCTE A A 4 2145
RIS ERAR it — B B B2 W i LA B2
JrE M SR T AT RERGARGE Y L SR, i TR
I7 G ATA BEBUR B 2R A5 S B WS X o A o
FEAT R TR 7S 7 | J5) 8 28 BRALN, K Pl 5 2 )
R A AT PEMGCHEA TR 43 0 P TR I 5 K A
Me, Hh TR ER S E R S RS AL PR 3 BT A i
i, RO HtE AT 20 A 5 F 5 S B O LS

HEWH.: MEE AU ATR (2019YFC1712500) ,

HRT, P2 R I T — 2 [ 1071
XL IE AR A PR E] T, ASF R
DA HF IS 0043 3, Ik T A AL i o ET
HET I 43 B R T RIS A AR Tk
PR FIBAR BRI I B2 AR — P 2 I 1Y
PRI — Bl 5 9 50 FIEAR , t BeAT — Bl 7314
ARBEAEE AL PRI A R PG . MRS E B
MY S RGO Wbk & B 2 B35 0kE , H
B C-HERIE(FCM) Ll AR T R
J PEFE AR p s SRR s eR B/ IME R 7R
A PR R o R AR, ©RT IR
BEAEPRG sy BT SRR 8 ] R T —F ORI I/
BeA A C PIE IR RB kSR 58 M MR i

YEE® AT : HRI(1996-) I BULAT5EA: , FEOFTE 7 1) B FRAL B B4R RE AR SRS B8 A (1974-) 3B ML | R 30d , i-L PR 2k
S0, FEARET 5 1] EURAEFR | B KB R (1996-) 2 WA 504, FEWR5T 5 1 . 5 “E 8 kA B AL 3,

EiESE. B 0 Email; 1593311923@ qq.com
Yrim B 2020-06-26

oS FURT AL K H E ) @ RAT R E A



5 8 1]

SR, A FTHEM C S E ST S PR B 155 ) 145

EUER Y 531 205 BE A R 43 F1 7 e 75 1 B 2 (5]
8o SCBRL 94X FCM SR 2 H0xf LA 2 7] R, 12
HR PSR 5006 R &5 G B C (51, IR o
MR EGBEAT 3%, SCHR[ 10 ] BEXE7E AL B A D
AR MRI PR8I 3 B o3 F 45 RAN U8 W [n) 7t 12
T —FEET FCM FE A MR BSR4 E A
SrEIRHIETE RCLFCM, )ik 2 iz G R Z [H] 1%
{5 Sk BRI SR & B R BIPRS M BI H d .

TR RBAE R A &, AR SO B BRI b A
JRHERBE R SO A 535S FCM R
KAEIATE S A SREN R ERL K,
TEARIE > BURS FE AU HTHR B 52 = Bk Y Is 158805, g
BEXTAEAELASRE N TE W 1 B 2 PR A T A R0 51
1 HB5BEZ%

1.1 ERGFHEEHE

AN B B A A VR A, ST R AR Y
Yang il Deb 7E 2009 4F42 1 T i A S48 RA %
( Cuckoo search Algorithm , fijFR CS) " fi % S 7EH
B O BT AOIEE B DU R

(DA S —ABEPL I & & H 55—
HIFLE

(2) 7E E B i 5 Birb ) i 3200 BE o R O
EHRMA SO, A58 ENLIIRYAR S
LI B S e S S ST e 5 LR

(3) THAA X S B g 1 35 0 A o o A3 1
3T,

34t AT (Levy flights) JE— BT 2R RAT Y
T2 A4 5 ok S50 109 55 3 BIVEE B 5 53 (9 7
B

X=X+ a@® Levy(A), (1)

Forp, X0 ORI S AR e R
A RAERI S, RZHAF LT J B B IEZS
A @ FRIBINIT: ; Levy (X)) F/n34E AT R
PR RIS AT 7 IR &) oA, HATAE 2D
KAFE L3 1

Levy ~u=1¢", 1<\<3. (2)

PRI Sy i 2 53 A 1 HE 25 285 18 R B0 AT R Y B
3, FESCHR[ 10] 7, Yang %8 AR T Mantegna $.7%
AT, AT R FE .

s
|v|”f”1<3$2' (3)

Horbr w Ao J2 Ik A IEZS 20 A5 B BE AL A . —
N(0.8,) . v ~ N(0.8) . 8, = 1,245, iFFAR
M

S, =

I'(1+pB)sin(mB/2) 1"

O :{F[(l +/3)/2]2<B‘>/23} 4)
gt AT () EH T A G, M A B

5 EP ST REYE , &4 — P BEPLE w(w € [0,
1) ¥ w SERMER P L, %7 w > P,BENLK
AR SR AL, I e A AR e AR i

S E

CS BIEMEMLTRIT .

(D WIRESE. SEEE o, KPR PR
EARIREL Q 524K

(2) YAGRBEAREL Q 1, FIH Levy ®ATA
RIS — D L E X,

(3) 8 YR Al R A A2, 5 B AR
TENAE f(wl ) AT, A5 I (R B A, DB
B, AW,

(4) H857E E LA, B P < wht W Levy &
AT ek BEMLIEE B — IR S &, R IWARAE

(5) i R EAAM:, i B E N, e S
BN E SR BRI (2) 4,

1.2 MHEMHEEEZE

H FARUER) Cuckoo 18 2R 1L Hh () 3 4E RATHY
AR TR, WA AT AL AT DA ) 22 A R e
A XSS A B R 5 W R aE 1A 55, i B
BaR T BRI ] A Ze 1)

SCHR 13 ]2 % A 45 S5 550 1 20 K A T ekt
S5 AR UEORN 5 5 1938 N (LR 2 5 K el B
WA A BE A R AR B 3 b, e
FE RIS R B I Fs 1T 8CR , AR EH AR .

Si(t + 1) - (l/t)lLf/,e_;m)-/}-(t)J/Lf/,e_;[(z)-fmr_;m)ﬂ , (5)

Horr ¢ S Y ETIEARREG S (1) 25 M5
BB ¢ AGE R A 1,0 (8) Sy (1) T3S 0
R F A e A R e 2 7 B P
2 1R C HERKREE

R C 4 (FCM) 5% W) /& FH Dunn $2 H1 /Y
— R JE B Beadek B S ALY
VE R UG o R — B A 7 1, B 2 — PR B
MR bR R, AT LA Ak T, 36 A T A0 HE
FLAG AN 7 R RSO M R AT R R A B B . AR
1T, TEMR AW S 37 RIS o0 25 RRASUW AA A 1 B 2 [ER
o AR 2 B — R S R — 2 RS
I, VRt N B T 5007 DA s IR A 43
BN R, SEGM RIS Bk A
[l i 2, FCM SR FH T 55 S 2 o o A Bl 5 SR 2
O R AR 33 S AR I B ke Ak B s o R



146 B o /5 M5 MM

510 %

i, BB BAER BRI,

i B AR R B T, , 8K SRR B, AU
X ES d EATINAGEA, 25 T, WS B/ IMELRS, %
RPGERL

J = 2 3wl d(xi ) (6)

j=1

o, SRFEARRAE SRS | I E FER
= {1,2,..., Nt ;N 8 SR ¢ R B
I BEGu, FORFEAR S v, X5 j SIS B s m
RO AR R, IR T SRR u BB 0, R
FEAR RS L BB j = | 1,2,...,C |5
PHES e d RN v, SREDL o 1A
JE , — e R RS, Hoe AnF
&= lx —v % (7)
TRUIEA ISR BEAE A w, FIRAE T v, AT LA
WX (6) I AR I H Fe R, 15 5 bR e
BT, AR EIME , BISRA# min(J,) o ALRIG ) u, A
v, WF
1

u; = _ 2, Um-1° (8)
ZC 2 |« v; "6
" 5
N A
>
i1 i %
1)]- =W' (9>
i1 i

Zi b, B C WERENSEBP BRI
(1) B AFEALARE & RIEFNE C, B
R m RS e, S RER RS G5

(2) witn R E R U, B ijluﬁ =1, Y

(3) RHEX(9) HEEFANREDLO v,

(4) MAIEA(8) HBRIE AR U;

(5) W | UG) -U(t=1) || <e, BIEF)Z |
S R EE R IR WP ER(3) 4T R —Ik
Sr.Y AV

AEXS T H B R o3 #1532 FCM B350 R
IBDIRRIE B R A & BB EAA B4 RS
ARIEPERE . SR, T FCM Bk R P
55k JE B AR R BE AL AR 2 B R BUR LR
JryFR A, AT 1] [R5 A B3R
3 ACS-FCM &%

F 38 WA B A A BB A 2500
A7 B R P AN, T HL AT AR e T A B
FCM B Ry SR Jm B e 1o B Bl LM 2 B0
Lo BN R A B FE . AR SCHEET B A, #2
T A TG A A S A RO RS R A R

S RISEE (ACS-FCM) R4 B 50E R AP 2 R -
edptkiz F7E T FCM RS A i 17 Ho
PERe SRR, BIRERRBRNT .

() WAL S E . S AR o, B IS P,
Bk KB EL Max—iter, BEWIFE 2L m 45,

(2) VIR PR S5 I B R R w0 P B v

() MRFE(6) THE LB iy H AR R £ ;

(WX (S)ITEABEN K, Levy CITHE
B ALE IR B S e 6 B Y H AR R A

(5)¥8 Y H AR R B S b — A Lt 3, #58%
I, D AR BT o7 A ANAR

(6) A= B BENLEL w 5 L BHER P A LLER 47 P <
w, W AR B85 67 & (Levy K AT ol Bl AL IIE E B8 7
B, NS,

(7) AR BOR TR IE L BER,
LS EE o, IR u, FSHOMTE %
S0 RIER R (4)

4 TWERS5HH
4.1 ACS-FCM 5 FCM W4 2tk %%

Shy B8 UE AR SCARE A 850 5 A BIROR , AR ST
The Whole Brain Atlas 203 JZE o Bl AL 26 B T i &8 19
T DT T —T2 JASC A M o o, i SR | 22 % AR |
PRI R R AE R LB FEAS . (5 ACS-FCM
L5 FCM Sk 3t Halb 7454

SZEGF-A K F MATLAB 2018B, fT A 5256 #5 2
E— 8G WAE . WE%% i7 UK CPU B ER SN
Windows 10 B FHL F5ERL, ESEORE T, 155k
R EUGAR R B IR BEAE /N30 oK LG ) s 3R
Jeruly B BIEOL B R 6 28, 8T 1 K BRI
B 0.25, e RIE B Max—iter #RIE A 10 1K,
A SCHR T F 3 A AT S A SO R
1553 5 B0k (ACS _FCM ) N A% G5 455 0] 58 28 0
(FCM) 43 B1XF HEa SR an &l 1 s

ML T (#2510l LUE 3 A 38 0 A
BRI RO R 28 4y BB o RS 0 G R 2R AL
BT T PRI LB, L4t FCM Hk R F
SRR R AL B BEBLYE , B 2 W S 4 Tk
sEm , 80T RBLE G B T Rl , B g h &
ENEISN ST
4.2 ACS-FCM 5 CS-FCM I IR E L,

XFTAEGEA A S L (CS) i, T2 K I
RO T B A R B AR R FCM 3R 28
(SREOE I [1I N =1 - Ry E DA B b NP (1 i
A= NI P A IS SRV R AW A B G AT T e AN N ]



55 8 SR, A FTHEM C S E ST S PR B 155 ) 147

W E SR, K2 FIE 3 JE CS_FCM Fil ACS_

FCM RISEH AWK S 1247 1) A2 fE

FCM and ACS_FCM

J5ihh MRI &% FCM ACS_FCM

T A

TS Te

E%:ai31did

A

1 FCM #1 ACS_FCM 4> 23R xf tb

Fig. 1 Comparison of segmentation effects between

12 CS-FCM
ACS-FCM

t/s

3 6 9
REHK
B2 REHKSE{THIE
Fig. 2 Clusters K and time

10 CS-FCM
ACS-FCM

t/s

0 10 20 30
EACUEL
B3 EHRE n SiE{THE
Fig. 3 Iterations n and time
M RT AR A A K A 4 5 3
X TGATAS SEA B T LR T TR Z . X
T AEN K T RA S R ek,
TELRUE T FIRCR I HEA L ACS_FCM RERSAR KR AL
LB AT ] SR T T RARCR
4.3 FEBIETFG
0T HEINA B R B O A AR SCRR B R
Ho KT R RZEPCL16 1R G 73 HIRCR
AR e, 300 REPC B e AR
PC:%Z > ul. (10)
3 28 PC s T A B B 5 I Xoh 107 ) 4
PRI KB R RE | 25 K 73 28 BB B R IR IS i
FERRRCR . =FhBER > REOT AR IR 1,
®1 ZHEENSREIIE

Tab. 1 Comparison of three algorithm partition coefficients

W bR FCM CS_FCM ACS_FCM
PC (k = 3) 0.897 4 0.9119 0.911 6
PC (k = 4) 0.864 6 0.891 1 0.903 5
PC (k = 5) 0.860 9 0.875 2 0.875 1
PC (k = 6) 0.843 2 0.872 4 0.871 6
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