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Vessel segmentation of retinal image based on pixel
specificity and self-adaptive classification strategy
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Abstract: A new vessel segmentation method called specificity and self-adaptive vessel detection(SSVD) was proposed
based on pixel specificity and self-adaptive classification strategy, in the beginning pixel specificity was defined, by set-
ting a higher pixel specificity threshold, the main vessel skeleton was extracted; then self-adaptive classification process
was implemented, and each of the remaining undetermined pixels acted as an Agent, within a multi-scale threshold range,
Agent revised its own status according to the status of its neighbor, so as to complete the classification of the pixels; fi-
nally the noise was removed by multi-window noise filtering method. By testing SSVD on DRIVE database, the experi-
ment shows that it is more accurate and efficient than state-of-the-art methods.

Key words: pixel specificity; self-adaptive classification strategy; multi-scale threshold; multi-window noise filtering

Vol.36 No.8
August 2015

1 3515

R JEE AL S5 R AR A B 2 BRI AT 0, LA
FLAN L 533 fh BE R B 25 (K AR 1 e A G2,
B DRI A A SS9 2 4 G SO BT L 489 4B, R
JE AL 465 R AR AR FR) UG D X BT 1k BT AR K
P RAEEAE M. TR AT A SRR

ts HEA: 2015-03-16; &R HE: 2015-06-10

AR, BT BRI A TR . HORTOR TR
JR PG LA 2> B AR 2, (HEBAFAELL T ]
L 1) U PR e Y AR AE 23 3 BUILAE Ll 23
Bl IR — 2 AT N 2 4% 2) MAFAX
203 S BT BN 7 BT R S IR BR ; 3)
SR WA ML B DRI A3 TR — 2RI A 5 4) 38tiRe
YA/ s 5) RN LA DX IR A 14 A

E&UR: HERARBEEERBINE (61272244, 61373079, 61175023, 61175053, 61272430); LA HARFI 254 75 B 130
H (ZR2013FL022); #(H MAFARADIITE SAEE T I H (2012101)

Foundation Items: The National Natural Science Foundation of China (61272244, 61373079, 61175023, 61175053, 61272430); The
Natural Science Foundation of Shandong Province(ZR2013FL022); Key Project of Chinese Ministry of Education (2012101)

2015229-1



. 162 ¢ w oA

putll

7~ ) 536 &

R e R 2 3 R A RE A ) R R LA R
RSN S5 AR . T 1 s T U I
B RV AR LA b s e DO I L
I 4 SN AZ DK I IR IR I P 1 oy B 4 e, 3L
S RIS R 6] 71 S TR R A= P o SR AV £ 7 e T
WA, BRSO XX, [ O iCl
AN, PREAFT ARG X . AT DL I Ly
AR AL B R X I N (1 SR PR - Staal 2500 it 5 (1)
3 E 4f F A7 A I A T DT o, [ 350 20 AL s
WA M, W& 1(b)Fi . Soares 2l
HEL T I g A JF L, B o). X
BR[61FN SCRR[7]#BIE I T ¥ 73 40 /N AL, ) v ke sy e
IR FIA T2 8, Ricei ™R T T HEHE T
AR EHL 2 P EE, i 1(dFE 1(e)i
Ne P, HERA oI R A AT, T H
— L S A 0 2 R R O — A, FE T
CRE AL R R, A e H R T IE
PEZLUF, ABATS ST A 4 40 /N AL

:,_,_,-""

oA

(c) Soares %5 [1) 3 H 45

(d) Ricci HEH T )51k
R EAE

(x. |
(HSSVD Jy k(43145 F

(e) Ricci 3 HE ) AL /‘J“I?f

(R EAEIS

BT B3 i 4y B S0 1 45 At L

Liu ZEPHE LT M sl Agent 45 (1K M
MRI B4, T 4 B A R84 Agent, Agent
Z R REAS HEAH BAE A SR T EIE, 1]
AT A R T SR i dn, AR R 2= 5 AN IR X Ik
U B 2ot G IR R A TRRIE o [RIAEXTT MRI

iP5, Richard 25U A5 S AR Agent K]
IrIEERER, ARG Agent 2 [RAH B AER LA
AL PRARZR 73 BT 55 o DRI DAy AN [R] Py ik 308 45 g DX Sy
AR B8, DR SCHRTO, 1018 i 6 P 15 7> _E H
13 TSR, SRR EHR S5 B A 2 4%, fE
7 F 2R B M5 o B AR E o R T IA Sk
Z 45Ky, Bovenkamp 25 R T T IVUS (LA 48
PG EIN 2 Agent REE, 5 7ELIRH BG4
PRRRIEE TR s g il SR, X T AN e
DX SR I B, AT 3 HAH N IR Agent AR BT
524 AP ks Agent [ 1) = 4 R k& 25 1)1
M b, RIS ) Agent A A 1F K58
BRSSO T R BRI G N A 7y 8 R A7 A
(IR R T R, AR SRR H L T R S FE R [ 3 702
SRS 1ML 4310 75 ¥2:(SSVD), 15921 T 8 4 [ 3 43
FIAERA BRI

2 ETSHBREMREN S XREAME
NEIEE
21 BETFEBRE
211 EERE
W nxm 1) ARG AT HRE T, ROk, n
FoREBRIERE, m FoRBE B, T EG T E—
MEZ p, Php s, ERANFEMAE R 6 1. K

B 1% 4 T2k L, %H*ﬁ\éxé R T 5 W

B L, MG E TV YIREN1,, W AR TR
Bl M, BCPRIKBE R R L, 5INLIF 24
v L A g s RIS LB D, MR
By 1 s 52 SUN

s=max{l,} -M-D (1)

OB T O W 58S B3 O K T
2, SCIRUEN], PR R IS PO R R . D
(KI5 TN GZ 2 T 3 S MR O P 45 mb AL 4 A BBl 32T g
HBL R AR AR, MON MRS AL IR 7 FERR
BB, LA DB 3R 5 B 8 vy - AR DX 45
o WK 2 P, BEPREAR S, PO L
I R e OIRHER) KA MEFAL TR
P, DRI B K T8, I HR R B W
B Z P EIREE MR, Ik s=1-M , W
Fr 5 BEAH s B, T 2.1.2 TR B T Rk
B RSIIN= G AIPESS 7R T ARSI iR S ST
PN o 5IN D Z )5, 1K 2 R Eok i,

2015229-2



ER L

LA T R R A 8 23 S S R B 0 BT i - 163

S g LT st KEEARL, Bk D=0, X
B SE s IR ARBAT R T T AR oK
b, f M g A TR N RIS, K
S DARK, AR s KPR it 115 5%
5, B A g WES SR, WD=0, sMhiEA
R0, 55y AL T I FIRs 5, W) D ik,
[FIRE 3% BRI BRAG, AT SEAT A T 15 AR 2 1
Wi DAL D 5] A2 52 i B 0l AR 5 B 13
S PR RN TS SR R I R R A, AT
BEAT 0RE S R T RS 1) A7 A 1T 3 e P I 358 0

K2 WIS

212 AT RAFFEN 0 E 5F

XTI EMGR B, ARG R p KRR R
fERE, WG R TS BB, 1A R B
# p MR R RS, WG RE T S
BRI DRI 3 A 43 S PR LA g i P 1Y
BEAMENIME, PR e R R A 5.

FUWT RURE 5L s B re AR A 5 — A iR I
BIH T, , b T AW Emte, Shd—nm s g m
MR T o AT nxm MWIRIKES, HESE MR
R R R s, Giih & s 0 DI 4R 3R A HL
count, , I s AHTHFPHT, AFANEAL sCount]

i, &g="10 L2 g A MG

15 10
count, , W q<count, <z . ¥% s, B )7 i [Jj 5L 4
sCount[], HHs,, il Z count,=count, » WX} [V

=
§; =8

(s, BN SRR L BIEL T, o RARRERERIA W
HIE 1 MR EGR R R EEEE 5

AdaptiveThreshold( S,q,z)
B 46 AL

count,=0 ;

int min= min(S) , max= max(S) ,

1) intfmax—min+1] sCount;
foreach(s in S){
sCount[s+|min|]++;}

2) for(int i=sCount.length—1; i=0; i—){

count,=count +sCount[i];
if( g < count, <z ){
return 7, =i—|min|}; }

AR 1D sCount RIKARAF T 15 5 FEAERS
IR RAEG T Rk 5 R B /IME min(S) 38 H 4
UK, LIS s+ min] P 6FERCAL R B HINE I
R EEA s RN HIER RN G PR 20 P
I p [, 70 R ZFH L&A g < count, < z
I, 6 PR R AR i— | min | RO VA 21
RSt REBIE T,

BB BIR R LS C, LT, N 7r 5 i 2l
LA 15 15 50 R R P e A I MBS ) 7
DA T b RUERR L, R BUAE S 70  3 ¥
W 3 pron Cridi s s T 7, BRI E I, i
T T MR R E N TE 5D BCE & RUR 5 B
T, =T +x(k=0,1,2--), WHCPEER SRR
s=T,, NI E ME R RZESV gomine ¢ K
EARSREREBMET, =T - x(k=0,1,2,---) , WHC
FREM s<T,, WRHHLIAHET REBRES
Biemined » M FAFRAE MR R LA ILAE Cemmined =
C —V ermined = Birminea o A FERIALITT

T, r‘ 7t

' e
| -
[

K3 BE S

AR 2 T RS R B A A
VesselDetectionByThreshold(S,g,z, k)
int T, = AdaptiveThreshold(S,q,z);

int?7 =T +x,7,=T, -k,
foreach(s in S){
(s =T)) {
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