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Abstract  Thanks to the severity of retinal vessel lesions is an important reference to the diagnosis
of vessel diseases; the segmentation and analysis of the retinal vessel have a great clinic value in
diagnosing and treating these diseases. However, due to complex structure of the retinal blood
vessel, gray level crossing and the influences of the focus and noise, many algorithms have

disadvantage of inadequate segmentation on the position of adjacent vessels, crossing vessels and
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micrangium as well as being affected easily by the focus and noise. Aiming to the shortcomings of
existed methods and considering that partial vessel structure can be separated from background
and the resistance of model to noise, we propose level set method to segment blood vessel fusing
regional energy fitting information and shape priori. First, in the stage of preprocessing, it uses
GAC level set model to control contour curve evolving to real border, which leads to retinal
mask, eliminates central bright line of vessel and evaluates background image of retina, conducts
subtraction and multiplication with initial image and mask to reinforce retinal vessel image. Than
by the characteristic analysis of anisotropy of Hessian, its character values have different geometric
property on vessels, background and the focus, to maximize the difference on different structures,
we rebuild vessel response function by the eigvalues of Hessian matrix to acquire primary image
of retina as prior and initialization information thereafter, which alleviate the sensitivity of level
set model to initialization and missegmentation. On constructing the model of level set, taking
into consideration separation of local retinal image, noise-resistance of model and so forth, we
make a distinction between vessels and background via the property of regional energy fitting of
RSF model and build shape constraints of level set using prior information as well as geometric
property of level set function, the curve will receive punishment when it is away from the position
of prior information, the further, the bigger the punishment is. The integral vessel segmentation
model of level set is composed of local energy fitting, shape constraint, area constraint; on the
process of minimization, it overcome the shortcomings by energy fitting of insufficient segmentation
at adjacent vessels, microvascular and vascular intersection that exist in many established
method, and improve the noise-resistance of model via shape constraint. At last, the final retinal
segmentation image is achieved by area of connected domain and geometric operator constructed
by width and height information which can further eliminate the fake shadow of connected domain
and the focus. By the experiments on following three databases, the sensitivity is 79. 4547 %,
81.0653%, 81.1773%, accuracy is 96. 1820% , 94.2147% , 95.6413% corresponding to dataset
of fundus image of HRF _healthy, HRF diabetic and HRF _glaucoma in database of HRF; on
STARE, DRIVE, the sensitivity is 79. 0860%, 75.3535%, accuracy is 95.0340%, 95.3565%
respectively. The results above show the effectiveness of vessel segmentation method proposed in
this paper.
Keywords regional energy fitting; shape priori; level set; Hessian; response functions;
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) Euclidean 5 . x € Couae /R M EF T L C b
2 € Chraa R STER 2 C WHR, 2 € C RIRAN
e L C k.

FEAKF-AE 4 B R op 3 2o fe/Mb AR B 38 R
HlAeEEih 4k C W1 H bR i fb. B, T4 o(aat™)
o P I FEE I 47 2 56 T AR L A DG T K T B pR R ¢
Bl (et ) WAL RLE M F3h X Es (9.

TEAR A SR g i R A 20 Es () 8 L

Es(sﬁ):J\Hé(sb)—Hé(go)\?dx (12)
0]

TE e /ME RE T2 pR I AR v L 224 0 IR0 I % 4 1)
00 it e A 25 IR 24 S 0 B et 2 A7 BAR ST A =
P A R AT R, DT v Al DX 3R R R 48L A T X MR
7 A R
3.2.3 Hegggm

K5 bR B 7 Ak i R DA B IR 2 B A TE U
P 33 A IE DU 2 SR KO £ RR IO fig KT 3H B K
Bk 2/ AE TR K -4 BT )+ A BE R IE K S 48 bR BOF
Rt 1 £, DT 42 1 6 86 1h £ C 3 37 38 3 H AR 1 i
Sk ARARE 0 A B . DR A SCs ] A STk 21 T Y
IKFHE I MARTR Py (), Hosg LUNF .

PR<¢>:%L<W¢\—1>%11 (13)

TERE B I/ MUEsR it B vp , S R Al 2 C T

BE B A6 » L R T I v A oo s PR 42w e M s T

5 | S Y Jar 3 e /IMEL 0] B, R TS AR RE e B A A TR
JnESER 2k C iR BT Ly (6) , Hig LR



1684 it =N

Hl

2 iR 2018 4F

L,,<¢)=J | VH($) | dr (14)
[0}

SRy 2 T AR D R I, A P M P R L 5 ] R
R4 H A SCR A8 B &R T A 3fe 1 4k 22 & &
Trags « RAF I AR Tiean SR G XT T 1R B 45 FHOR —
B » AR B0 B R Ve, DAY 2 @l A I 30
G BT B AT R I AR (). KR T AN
Ve WA 5Ca) F1(b) fif 7.

(@) I,

(b) Vi,
I A8 R LA 1) e B PR

JINACE A I A (OB E LT
Ap($) :Jng(l—Hs(sﬁ))dx

Hrp g =1/1+ [ VG X Iy, |*) Ay E Bt 800 3 32 93 o6
.G o pR B AR 2R (15) By e X AE I I A Y
BRI g=1, MR RIHEA — BRI EN,
T AE L5 BT g — 0, TR 29 i AR AR — /N
i
3.3 BREEFAE

7 HRF.STARE.DRIVE ¥4 & I, {f J A< 3¢
{18 7K ST B A5E T80 ) L 1 200 O 1t LTS 4R 5 AR
3 3% 3 B IR AN B B R R b K BB 8 34
B AR R I KP4 43 0 45 2R L DA T 2R A5 B A % 38 Bk
T AR Area FNFE 55 (W HDAF L. WHER — A 3% 8 5
MR FE AR MR R I8 4 Y % 8 5 1Y 58 = g AH
AT L 3 38 el AR B R AR R/ L ez A
MAEBE 2R, Witk W/ H 1 WX H b
20 [) st 3 JE LR T A O

(1)0.4<<W/H<2.5;

(2)W X H<3.5Area;

X B[R s S8 il B AN T 30 AR

(3) Area<<30.

FIRILAIR 7 1~5F 3 GRS B B Oh 52 A3 o
o A it v R O I A 1) 3 RS BE L L2 SRR A S
5.3 /TR,

(15)

4 BEERHKRBMSHILE

4.1 BEERBUKRME

S SCAE AR A JEE T I U0 SR M RE e pR B B

Sl e KT EwmE ¢ /MU T AR f(2),i=
1.2 BREE PREL ECh, £y f2). B ERAS L& o BUE
fiCa) s i=1,2 Al o 3 5w 2 R OC & 1Y BR L
TR

Jk,,(x*x)(I(y)*fi(‘r))Mf(¢(y))dy:O (16)

KA (16) 7] L 345

b, (2) X[ M ($(x)) ()]
k() X M= ($(2))

RIGEE fi() =12, /MELETRE ¢ fE
wREEBf . fo). B B R /MESR T H
TR -4 bR SR BE T [

o _
ot

_85(56) (‘8161 —ﬁgeg)+)’g8€(¢>+

v

V(S (¢)dl‘v(w>

290 ($) (H ($) —H () +
Vé
\V‘ﬁ\)

H o ()R ER (9B Dirac delta FKEL. e, 20

JEUN T PR IR

e,(l‘):JkU(l'*y) TG — £,() [ 2dy. i=1.2 (19)
HKEEEN I Py (O IEREmB/MET P E

HEhIkfl | Vé|—1 aydE i, Br Ll %= (18) &

43 550 SR FH B ) 224 A0 HR 0 25 45 I B B ok o &

pdiv( (| V4| (18)

7] 2253
n nt1 n
O . —¢ ey
— | &~——:=D ) 2
o |, X PR (20)
q:"ll‘iéj\:
8755 “~¢7+1 _95;]—1 ZZD(O)slS ‘7‘,
ox |; 20Ax ‘ '
., ., 21)
la(ﬁ ~¢j+17¢]*1 3:D<O)¢‘”
oy |; 20y 7 !
4.2 BHIEE

A 2ok L A 4 5 R R AT 25 A P A Ak B 7
TERAF I LI R B L MK IR AT A W P R AL L 7E
5 A DURCE A8 AR B O 8 7 (E A8 D0 T » AN [R] (1 g
K Y- R e e bR AL 0 A AN R FR S JEE R T
T8 X AL R A (] 2 A9 AN R AR 80 A RO RV 4y
FE BT AT B AL 1 i A PRT AR R SR T SR e M s BR A
DV TT R B — V1 R Linays o (H 23 [R] ISR 4R 10
I B B AEY 36 RS R L 4 ) A & TS O B
JEER.

DAy AR A P LA ) 4 SRR [ I (] O



73 RALWI A . Rl TR e 36 0 7K 1 42 AR JES P& 450t A7 70 51 1685

AR SCE ST AL G 105 TR Linys 5503. 2.3 A
T, PEUAGAMOIBLIE 32 5 BRAR AL IS 25 B L4 58 F) R 0
JEE S R Trw - WD 6 7P A9 2RO 20 2 RR LA 15
PRI RS BR. 7150 Lo BOT7 22 5" MU T 215 B
AR NS S RUINTTE AL B 2 N4 B R @
K80 DTG [ 70 P S A 7R S A0 IR0 S, A7 1y 2k AR
BOh 40 Y AR 1o A SCR A8 A [R) 20006 P L 0 1
I A

Ly
6 N ILE B SRR

NSO ES V¢
y=ms (22)

[IERESE RIS ¢
y = nlog,s (23)

TEAR 2 I 3 4
n=1Is’ 24)

KM 2D IETT REA Z i K FE 2
ARG ZE B U TR — DR E, &2
FEST AL B, 51 7 FORS B 25 0% TR R &9 R 30T F s iR
R T W 7 R A R ) R PR R — A
AR . X RE AR 45 43 ) i B AT o IR T 75 R o 45
PR R 4, SCRE [ A I 18] T 8. AR 4 R SE 6, A S
Homnsa LA 5.1.7.1.

5 XBWEREHH

S g Bl B9 45 57 & O Matlab R2012b, 3t
HHLE B M Intel (R) Core (TM)i7-3770 CPU @
3. 40 GHz, 8. 00 GB N f#,64-bit Operating System.
AR SR Y 0 22 43 R 1) 22 53 X6 K- SRR R kAT B
BB SR At BT LA 2 10<21/4" X FEA B
PRAEZK P £ T A8 £ PR 7R Pl A 1Y) i 48 0 1) 55 5%
LB E P =00 TE R R AL =1 K&
PETRE g =p, = 1 KL T AR 2 i P
AR I 5 3% R (22) ~ COHBERE v, 7.9
3 A A0 0 i 4 PTG 0 I A - AE HRE B i
& 1min 24,78 STARE 1 DRIVE % 20s.

ORI S N = N < 1= o K o R 71 e € 2
HRF.STARE.DRIVE %¢## 2 b ot 47 K & 04 145 4y
#5056 5 B, B, HRF (High-Resolution Fundus

image database) T 2013 4E f $ 7% Brno Bl 4% K 2%l
Erlangen-Nurembeg K2 & 1 28 IF & 1 4 B AL 35
15 24 fd e N Bl PR s 11 ' R A8 2 RS T 45 R
RSF 2336 X 3504 . 75 ML A5 73 1 I 48— FE4E S 1176 X
1752 1% % ; STARE (Structured Analysis of the
Retina) F 1975 4F 5 Michael Goldbaum 7 57, fF
2000 4E N FF B4 4E 10 8 A 0 A8 1Y IR IS B8 AN
10 P00 A2 B IR EE 181 8 T8 48 R SE 605 X 7005 DRIVE
(Digital Retinal Images for Vessel Extraction) F
2004 4 H Niemeijer W BAEE N7 3 0 6L 46 7 W A B
R A I S 722 1 HIR P T 5 R0 33 18 52 4 Bk s 0 1Y)
FE AR A IR IS B 45 1 T 20 I8 T30 il 45 0 %1 4
FRUESEJE R ) 768X 584, Ak L 75 I 4 43 1 52
50 vh AL #2218 AR R RV R B X L R Y 0 38
B EHRAE A il A8 3 R
5.1 00 FE &R B R bk

AR SCRE A R R AT T i G R, HOR AL
Bk 100X 100 FY e 30 25 AURSHEN AR o J5 i 4 11 15, &
SEM T OB AL, R i B 7 Ca) (b)) R
T SCHRL LS AR SR A0 D R i 4 s A5 R AT N
0,28 2 18] 1 DX S Jmy 8 T8COR TR Ced FTCdD & Y L AR S
SEEE AR A (10 P 00 I 5 T4 s AL L 5 o X )
UL AN L A 4.2 T ORI g 2 B O A (S B
P 5 5% R T, (0 T5 25 7 AR O B2 1 75 501 T M R
W 75 7KV 1 P A . S g A4 fi ) HRE s 152
F R G S5 R B R fF T & 1 . HRF _healthy
F1 HRF _diabetic 43 51| 32 7 {8 5E A FBE PR A5 £8 4 .
“h7 A dr” FRoR A [F] A IR IS AL

(a) SCHR[15] (b) &3T5ik

(e) (I RFIBER
7t A iR A5 2R X L

(d) (b)) BIREHCOR

MR T 1 AT e R A B I S IR R
B HR RS P80 AR SO 1 AT A A 3 o el £ A
SR AR AL BA /NI 7 22 W T AR SCAR A 9 L
PO U i, 5 3 5 ] % MR P K P SR B LA - T



1686 it " Bl 2 i 2018 4E
1 FXBEEEXMISIREHOERBERTE L TR 722 A 0 I AR A 1) BT iR Y B
HRF healthy 01 h 03 h 05 _h 07 _h 09 h W 5 2 (RS

AR T7 % 52 71.9248  95.08575 87.6188 57.3860 59.7692 g m e

k(15152 106.3369 112.8108 157.8549  91.5547 101.1754 5.3 *z [;'%17\1 %}%H—}'ﬁ}i
HRF diabetic 01 dr 03_dr 05_dr 07 _dr 09 dr g f{j] é}’%” éﬁ%ﬁ?{ﬁé@ﬁ}jﬁ*ﬂﬁ/]\ E’:J ’ﬁh%} ?F‘l]fﬁ
ATk s?  73.4818 175.9325  70.3389  82.4704 139.0179 e T s e e e

SCHR[15]s2 177.9209 284.7996  77.3721 168.5368 191. 3803 J:j:,ﬂlx FA r%ﬁ(Fp)ZﬁLlﬁlE,]l'ﬂM’E/ ﬁﬁn]?ﬁ%g' ix

5.2 MMENESSER

X HL 2y B R R ok &= OHRF B804 & 9 fd B A
(HRF _healthy) . # JR %5 i & (HRF _diabetic) fil
FEHR £ F (HRF _glaucoma) B9%6 12 _h,01 dr.06 g
ANHR R BIAR or 0 g5 51 i 8, BB R T 48— M
2336 X 3504 PEAER] 1176 X 1752 {8 %.

(d) 01_dr& (il K15

(e) 01_drEzh/ 1

(i) 06_g Fah5H
HRF 45 15 0 40 199 152 160 A8 o 1) 45 21

(g) 06_gZrtuimiE %

& 8

8 JE7N T ok %2 HRF a9 MR Jre A8 1 i i 87
BG4y B 45 5. Horb Ca) L (d) L () 43 91 36 7% fie B
N B DR R R O IR R B &R (0 E 1 R R
(b) . Ce) \ (h) FRom il A SCHE 2 5 Z X0 I /9 H 3l 43
FER, (o (D )25 Z R R & RT3
Ay ENGE R (S FRAE . M () L (b) | (o) AT A S5 v fiE
T R B b 4R A R A %) A0 IO It A PRI R 4
BT S FRE. (D)L Ced L (D) AT, J 45 1 B 5 B
LIS T AT R B kL ELAR SR R IR AR A R
R 1 JIR A ek ) R B AR AR 0 R AR A — A
B A3 #0125 55 N () Ch) L (D AT AT, RS FHOLIR &
AL TR SR 3 RS L A AN 0% 5 BT R ) R )
E A3 285 5 Cho) ] 71, AR SR AR A5 — A B 47 1 4 51
GEAL. DL Lo B A5 L B a2 kR R IE ] T AR SCE A

FIH 3.3 sy 3 NIL 3 F B bRt 50 k.
9K TREEE 8(b) . (). (h) H g8 F1 s &k,
IRAG B 0 14 G 43 ) 4

(a) 12_h{hs A It (b) Ol_r DAL (o) 06_gBhEAI A

V] X {

(e N .:,7*5%
B9 BB thi Fm kL

JAIEL 9 Ca) L (b) | (o) AT 1 32 388 Jak 1 AR 5 /0N ) £
NI M B B IR T R AR A HI 45 R (D L (o)
(D). 5 5 2 W5 R 5 B % (HRF _diabetic) A9 R JiE K]
18 IR R & A R s kL B A2 A DX el i LA 5
FITE IR 249 I A9 7K S 4 1 A8 4 B0 B R, o e L — Uk
R HERE R AL 4. O (b a2, o 3 AN L&
T R ER S LIRS, X BAER T X 3 AU T
Xt A% s i 3 S 1 LA /N 14 O R RN R A kb
5.4 HEEEX L

Sk UE BH A SC LA T AR S8 56 1) 7K T 46 1 A8 4y B AR
TR DA L AT 500 5 22 RO At 5 346 i o O L2k
PRI (GAC RIS F C-V R RIS A0 He G
B Hessian F [ i 88 2 #0245 52 76 GAC Al
C-V B RUK P-4 R W bR k) L 5 R TR &
R 2h o0 B0 4 br . S 56 80 6 HRE 8088 &
R EE 12_h A 2D HRJE B4, 450 2336 X
3504 M 4EF) 1176 X 1752 1% %, LA [ 55 1645 51
18y L I A P A 0 T 2 Bk v o0 8 R ) 0 i 3 T
16, ASLAE Ay 2030 25 SR 1 B o 3 F T 775 A 1 00
B o A R A R ST R S R K. ' 10
55 2.3 8 4 6 R 22 15 1 3 H R A 1 A
gy ISR W RN AT I FR IR
Oy E] A TRECA” BRI CT A 1 2 R A AR I
L A8 A SUAS B LI A5

(d) 12_h%r #4531
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P10 LA [R] 550125 10 400 ) I8 afn A8 4 351 45 2R
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M 10 25 181 (d) (g (D5 (m) LE AT AL A
ST SRR 14 ] SCk (30 ), SCmk[36 1. 43 %1 3 iy
PR o 5 1 A 5 T 2, g SR 08 140 0 1 A ot 4 4t
FHAT. AH A (b)Y 1 (o) 1, SCHRE8 ] 3 F Hessian 5 Bf
R L 57 7 R 5 4 71+ A A0 IO S 1t 5 R B B K
M4 2 RSP BB B P E. A6 B
AT UBTHEICCT IR TR TR Bk AR AR AR i 4 AL i
A SR R I Ak A A B M REL B, A AT I BR
AR SCRRE RSCER (14 22 46 SCEk 8] SCilik (30 ] 3Lk
(36 X AN 8 1F # Hb 58 Bl AR 4P 1 & 19 43 %0 AL 10
Ce) Hr B %0 Sk [ 14 ] A i 8 58 S AL i ot 8 R 4%
T Fe KA RS B0l 43580 L 0 1 A8 7 A T 2L SR
(8] 3CHRC30] . SCHk[36 J7E i 48 22 S Ab i M1 f o7 &
R 1 Al o A R F AR o B R AR R A AR SR
B T AE B AR How SCHR IR R s A CT A F i
I S5 48, SRR 14 RN SCHik [36 ] J0 vk 58 4 K I L
I 254, H B 10 Ce) F1 (ko R T Sk 14 ] #01 3C
BRC36 14 “ C” b A7 76 7™ F /9 I 48 s A6, 1 A 10 &
(n) . Co) AT 75 Hh A% SC B8 1k B 0% S A B 5 b 4G ) 4 43
I8 4548 LA T 5 AR T 38 43 Bk I 4 5 W 84 (i)
& hHE () () F o) B a7 5, 2 Sc 88 vk X [R] )
TR T AE AR AR M AL | o A8 A A i A Ak
VRIS I A8 43 0 A0 I A 45 AL i 2 0T 4 B o D
JlIK=EERS N
5.5 AAEZENEERNEENW

Shy i — 25 UE B AR SR 04 A0 )RS I 4 4y )
fe, Tm¥ 1 HRF f1 STARE.DRIVE %44 )% |- i
A1 R FRASE 10 400 0 1t 5 43 1) 52 56, I o 40 AT ik
AR A 0 5 Sck (8] Scmk[9 ], Scmk([14 ], SCik
C15] 3ck[19 ] Sck[20 ], k22 ] SCHRE30 1A 3L
R (36 5 1k vt b G SCik (8 L Sek [ 14 . SCik
(30 RN SCHK[36 12 # A N 4 A2 S 30, o X b 3¢
iR 2 B4 BB 8 S R

XCHLE AR LA A0 RS I 4 4y ) M e O Hr
S o

(1) BURJE (Sensitivity, AR A, IE#)
A3 ENLAE R R MBS B R R  SEZ LE.

(2) BT R (FPE). #0828 R NI E %R E
B A HRIR R BRI,

(3) B 71 (Specificity). IE#ir 3T HBREMW
MBS B RR R BB L.

() HEHH R (Accuracy). 1EAf43E) M &E 7T 5014

KM BBZ M5B EERSGRZIT.
(5) F-measure : f§ 8% & 5 K5 i & (Precision) 2

[ Y bE 23 G &R
AHR AR 2o AR -

Sensitivity = Tr (25)

T,+Fy
e (26)

Fp+Ty

Speci fity = Ty @n

Tx+Fp
Precision = Tz (28)

T, +F,

Tp+ Ty
Accuracy:TPJFTNJFFPJFFN 29

Sensitivity

F-measure=2 X Precision X — —
Sensitivity + Precision

(30)
Hop Tp T Fp o Fu 0 5 2278 B PR L BB (R PR
Pk B A E. ECEAE CTp) - 656 3 9 1M 3 15 R o M4
BENBH. AT EFMRBELEREN
EM R E W EH. BB CTe) 53R E i
BF MR RWEE . B (Fyo 855U i
AR ZE R AR MG R BCH . W R 53 E 25 R
e R TN 2 B3 6 B, — " RoR M Y B
8 SCHR A X T A A

% 2 HRF healthy BEEMMELE S B ER

HRF_healthy Method Sensitivity =~ FPF  Specificity Accuracy
k(8] 0.813947 0.045180 0.954753 0.941633

Hk[14] 0.783967 0.028333 0.971667 0.952933

15 A% SCHk[30] 0.763820 0.026307 0.973693 0. 954267
k361 0.758573 0.022600 0.977340 0.956787

AT 0.794547 0.021100 0.978900 0.961820

% 3 HRF _diabetic IIEEMMBEME S B &R
HRF_diabetic Method FPF

kL8] 0. 067780

SCHk[14] 0. 045133

15 B SciHik[30] 0.758940 0.048432

SCHKL36] 0.800623 0. 057554

AL 0.810653 0. 048207

Speci ficity Accuracy
0.932227 0.922333
0.954867 0.941100
0.951380 0.938160
0.942446 0.932154
0.951793 0.942147

Sensitivity
0. 786927
0. 742700

% 4 HRF_glaucoma #EEMMEME 55 B4 R
FPF  Specificity Accuracy
0.051980 0.948020 0.937867
0.051033 0.949033 0.940100
0.034707 0.965293 0.950960
0.040667 0.959513 0.947940
0. 033053 0.966947 0.956413

HRF _glaucoma Method Sensitivity
kL8] 0. 796627
SCiHk[14] 0.818133
SCHRC30] 0. 753787
SCHR[36] 0. 794800
ARCH P 0.811773

15 A%t




7 BEALWIAE . Rl TR 0K S 3 p A P A MR RS JRT % L 4 0 1 1689

% 5 STARE £{EEM M E M E 5 B &R

%Zéléié Method ~ Sensitivity FPF  Specificity Accuracy
CHKL8]  0.782874 0.056711 0.943289 0.931863
CHkE9]  0.707100 — 0.972900 0.938800
SCik[14]  0.705145  0.029033 0.970965 0. 952390
3CHRLT5 ] - - - 0. 945200
20 A Kk SCHikC19] - - - 0.952100

CHkL20] 0. 754 400 — 0. 981950 0. 952100
Scik[22]  0.718700 — 0. 976700 0. 950900
SCHK30]  0.758881 0.045363 0.954625 0.939256
SCHk36]  0.784321 0.036274  0.963726 0. 949 800
A HEE 0.790860 0.037025 0.962980 0. 950340

X 6 DRIVEHEENMEMEHEER

DRIVE-
Database

Method  Sensitivity FPF  Specificity Accuracy

SCHRE8]  0.753585 0.034605 0.965175 0.947020
SCHRC9]  0.731500 — 0.972300 0.947600
CHkL14]  0.723990 0.025780 0.974215 0.953275
iHk[15] — - — 0. 952600
SCHEk[19] - — — 0. 946 100
20 MR ScHEk[20]  0.784150 — 0.979900 0. 951200
ek 217 0.732700 — 0.971500 0. 937550
CHk[22] 0. 735400 — 0.978900 0. 947700
SCHk[30]  0.710675 0.031215 0.968785 0. 946630
SCHAL36] 0.734815 0.026720 0.973280 0.952765
A JE: 0.753535 0.027620 0.972380 0.953565

%2 K6 i T ARIFEESE HRF il STARE |
DRIVE %4l P 1A [l 40 09 J5 1 1t 48 3 50 v 1 232 78
HRF ¥4 2 b 3R 2~3R 4 7] AR SCH I AE fRIE
A e R R NI BB R SRR R HE AR R T
SCHRLS ) SBR[ 14 ], 3CHk[30], SCmR[36 1. X T3k 2
() HRF _healthy 4l A< SCE 25 10487 43 1 09 BRURRBEE
TERR 2R3 503K B 79. 4547 % ,96. 1820 % 5 %f T 3 4
HRF _diabetic 45 , A% 3083 1l 4 4 %10 19 SO BE
TERH R 4 )3k #) 81. 0653 %, 94. 2147 % s XF T 5% 4
) HRF _glaucoma $§ #i . 4% 3C 532 1l 48 43 51 19 B
JRCRE U B 2R 4y )38 B 81.1733% . 95. 6413 %. 7E
STARE ¥4 FE b N3R5 AT SCHR [ 14 9 o 6 %
BAR A SCHEE SCBRES-9 ] STk 15 ], SCmk[19-20]
SCHR[22] . SCRRE30 A0 SCHR (36 10 & (H A SCR R A
I ey P BURRRE L LG SCHRC14 0585 T 8. 5661 A~ H 43 45
HEURRE 7R L) 43 0 M0 AEAR R O AR R 1Y L I
I SRR L 14 7 7 % 14 43 #0R E. XF T STARE £
it A SR B I D ) BOURR R | R 43 i) Gk )
79. 0860% .95. 0340%. £ DRIVE ¥ )%E I, 3£ 6
AL RNAS SCARVE WY A T SCHRE8-9 1 Sk [ 14-151, 3¢
BRL21 ] SCHRE30 A0 SCrR (361, BA 5 1Y HE i 52
0% ARy S Pk 5 SR [ 20 ] 22 B R B BH M R

5 SCHRL 14 JAHGE | il 8 43 31 09 BEURRBE L A 232 45 )
ik#) 75.3535%,95. 3565%. L 3 2 3£ 6 1M
oy B4R AR 09 E 5 R T AL /£ HRF fl STARE,
DRIVE $t#i 2 b A SO T e il 48 43 1 5k
T3 ANAR SCRVL T SE B M A 4 [ B o ED L T LA R
B 1 s R e FH A 1B

BT 45 T AR SCRE FIHE SR7E 1Y F-measure
PERETEMN LR . 7] A () L (b) L () F Y, 78 HRF %4
JE b N VR PR I R 1 i A e A O PR A IR
A F-measure 2008 T SCHRLS ], SCmk[14 ],
SCHRL30 ], 3CHR [36 1. %F 7 HRF _ healthy % 4.
H. F-measure I {E 455k 0. 7954 .,0. 7283.0. 7508,
0.7591, 0.7659; X} F HRF _ diabetic %{ &, H
F-measure F3 {8 43 5 7 0. 6664.0.6052.,0. 6379,
0. 6456, 0.6006; X} F HRF glaucoma #{ #&, H
F-measure F3{E 25/ 0. 7234.0. 6489.0. 66613,
0.6861.,0.6826. M (d). Ce) 1] L H #£ STARE,
DRIVE %45 5 |, A SCH) F-measure 26 f8 T3¢
BRES8] SCmk[14 ], SC Wk [30], CHR[36]. 76 STARE
e E I, B F-measure - ¥ {8 4 %Il & 0. 7251,
0.6735.0.7114.0. 6679.0.7048. ¥ DRIVE i )%
b, H F-measure E¥{H 43 %K 0.7377.0.7136,
0.7339.,0.7015,0. 7271. 534, A El 11 (b) Fi1 (D) %1,
5 il 48 43 %I 5k Y F-measure 3 3l # 58 K, X
F=H N 15 4~ HRF _diabetic $4fs 4 /2 148 IR v 1 #0
I B K S L 20 A~ STARE %48 A 10 > 22 #E M9
FEE RS » PR R BCHE 22 () kR 2 B0 43 0 Ak 1
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In ophthalmology, retinal vessel lesions can be caused
by many diseases, such as glaucoma, macular, hypertension,
arteriosclerosis and diabetes. Retinal vessel images can be
achieved by digital image processing. They can be analysed
qualitatively and quantitatively to help doctors diagnose
illnesses and make treatment plans. Thus, we can reduce the
probabilities of blindness and retinal lesions on patients. 2D
true-color retinal images can be fetched by fundus cameras
directly. These images have a great value in medical application,
since microvessel and other lesions on the retina can be clearly
presented on them.

Retinal vessel segmentation methods has greatly developed
in recent years. However, they all have following disadvantages:
(1) Fractured microvessel in the result. (2) Segmentation
error of crossing vessels. (3) Excessively huge size of the
vessel in the result. (4) Less robustness to the pathological
retina.

Based on the current work, we propose a retinal vessel

segmentation model using level set combined with shape priori.
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Hessian matrix is used to complete the initial segmentation,
to initialize the level set function and to build the shape priori.
The evolution of the level set function can be driven by the
data term to overcome the segmentation error of the crossing
vessels. Finally, geometry operators based on the connected
domain are used to eliminate artifacts and lesions. As the
experiment results shown, our method achieves a better
segmentation result compared with other existing methods.
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