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Retinal Vessel Image Segmentation and Three-dimensional

Reconstruction of Retinal Vessel

DAI Pei-Shan® WANG Bo-Liang® JU Ying?

Abstract
sion, and arteriosclerosis. Computer processing can help doctors’ work and a retinal vessel image segmentation algorithm

Retinal vessel appearance is an important indicator for many early diagnoses, including diabetes, hyperten-

was proposed. A local normalization algorithm was used to eliminate background differences. Expectation-maximization
algorithm was used to classify the pixels into several classes to obtain segmentation results. At last, based on the anatom-
ical and physiological characteristics of the eye, a reconstruction method to reconstruct three-dimensional retinal vessel

was realized by inverse projection theory. The model can be viewed from different directions.
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Fig.1 A retinal blood vessel image
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Fig.3 Denoising results by Wiener filter
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Fig.4 Histogram approximation to denoising image by expectation-maximization algorithm (Figs.4 (a) ~ (d) are the

histogram clustering results of 1, 3,4, and 5 classes, respectively.)
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1) B3 H

K 6 2R R ERIRF ISR, 40 B L
A5 FOKPEME. M 2B T Ea, i 1
L2 3K, 3 R4 A FIREM T AR, &
REW S MU e 2 SRAE D 20 H BRI 8OR R LU AL
(K. 3K HLHRANT A5 I 028 v e v 180 A SR A g v I {1 73
FEER, w7 X H OSSR R, R
7 Ji B AT W 7

Bl 6 EM HRRER
Fig.6 EM clustering result

7 X6 mEBEE TS
Fig.7 High level combination result

2) LBribkE

B 7 b BRI B B O s T, B
DAAT A6 BE 25 5k DR D MR RS 73 PR PR A5 A T P v,
Je TR 15 5% A B2 PR AAI, DR P — AN B (i P LR 7%
S o e B ok, el 8. X HEAT 4 MR
B INIE 2 0 v AR D e TR, F s 10 3 18
8 A LA 0 P BBt mT AL 1 HIR i el 4532 ¢
(RIS ER st Wil 9.

K8 oL A s P45 P A DXk

Fig.8 Segmentation of retinal region in the image

B9 FIHIE 8 el LBRUAE IS )

Fig.9 Removing rim of retinal image using Fig. 8 image

3) ZBR/NHIFR X

b i E O N RN e W D R DA E TR AT R
LB, X HUR APRHER E 8O T 50 19 DX R
JREATLAG 21 10, IXREBATA LB T WL HIR
Ifi A P 45 23 3

K10 2330 il 1R

Fig.10 Segmentation result of blood vessel image
3 ERIK=Z#RBRET
PN IR S S AR AR A A AE A PRk 4



93] S LA O o i 5 0 ) R IR L A — A R 1173

1) A3 2R —4EB15; 2) RS PTE o6
MR JEC X 38 A R T DA SIS 3 RIS 5 A5 B R 75 24 (R —
S MR A AN TR BB A 22 OREAR, AEL AT AN 1] e G 3l
I8 R = 4 AE B K, JRRIIR TR B R 1 e
B IR B AR B IR K S 808 R A Y DL T
AR, SEMR TP 28T OGRS T ARE L.

2 A AT RARE IR R 17 A ) 27 R A I A% R AE
ST 3E T B A AT AR IR R B B A, bR T
HRLJES AR 22 98 AR 1) 5630 AR, AR s Al b4 o
O R YRR MG B BRI = 4 dih i L,
T IR IR R = 4 v AR AR E
A= AEIR I R AT ARG L PR AR R, M AE=
S NI IR TSR I SE IR I S H . O I R 2 I A
TR T IR ).

FH 37 3R i P AL RS 6 T, 8 MR R ) = 4 ot i
JIFEN:

2 2 2
S+ L+ 5= (17)

FERATE I 2D [ Q5 2075 1 b B A
AT 0T, 2l (15) nTA3IR R 1IE #52 EUE I
JirEN: .

i Y
=1 (18)

K AT — 5T (24, ws) X R TRl ihn L 7
| T

HH:
(xiayi)c 1- ? - 172) (19)

UL, IR IE B R B S R = 4 i i -
RRE XS LAY, AR B B SO,
W, 7 21 AR HIR R ph T A — 1.

AT IR R AR, BT R EAE = 4EHR ]
(58 s I 05 ) = 2 T, AT K B S R
=T,

4 RWERS5HH

A% 30 P Ak BEER Ok B IR R KSR B
http://www.parl.clemson.edu/stare/probing.

41 BEREFEGIHEENINER

K 11 2 1] Canny 5 1 3 Sk I 11 45 2R,
Kl 11 (a) A Canny SRl i a2, K 11 (b)
N 11 (a) Z R KA 15 204 )OS, 256k
J Vel 4% AR X sk 45 2R W] BLE AT H] Canny
H A3 20058 70 B ROR LA, BRI ANBEAR B
iy g 0 i A DX I

B 12 J2 A5 W AT BEAT IR JEE B8 5514 A 1
NEMT IR R KRR G R, T S T R
IKIEAEAZ s, BRI, JovRR I AE 73 H Hi k.

A DU H R P PR 38 3 D) 2 S B0k 2041
VLA B 1T A7 P 5 11 45 RO AN ELAR, O FL 23 0 fe v
TR R LR, DU BB R
USSR AT, I RS BAE G

11  Canny ¥ PR 25 R
Fig.11 Edge detecting results using Canny operator

K 12

HHH EM SR
Fig.12 Result of EM clustering without

background balance

42 AXEEDEGER

K13 AR JEC AW 0 I P& 4 00 Ay ) & R 3G
B 13 (a)s ()« (e)s (g) A MR AL M B 1 45 1
13(b)+ (d)~ ()~ (h) AMLE 7 #I45H (M55 1)
BN R B G BRI 3 AR 3R AE ). W LUR L I
R R LU

Ao RITTERIAS RAE T SEVEAFAE I 2 1)
RO J A PR B AR 20 T R S TR,
T A IETRL . X T IX— e @, TP A
K3 B LA 5 TR R AT UL BC S E R 2R X I, B0
Al FH At I B3 ) T R DX st 75 ) 7 92 B
IR T



1174 H ]|

(2) (h)
13 AR A s P 45 1 5 3 1 45 R

Fig. 13 Retinal blood vessels image segmentation results
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Fig.17 Retinal image segmentation results in [18]
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Fig. 18 Retinal image segmentation results in [19]
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