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Abstract Retinal blood vessel segmentation plays an important role in ophthalmic diagnosis and
treatment. Many research achieved segmentation with single feature extraction in decades, including
supervised and unsupervised methods. Despite the results of these works were acceptable and
significant, retinal vessel would be rupture or too thin in width on final binary images. To solve
the above problem., this paper presents a supervised method for blood vessel extraction based on
multiple feature fusion in retinal images. The proposed method consists of four steps. First,
green channel images are separated from raw retinal images for their clear blood vessel information.
Optic disc and macular center are removed by bilateral filtering. The intensity of processed
images is stretched to 0—255. Second, according to changes in vessel morphology such as shape,
tortuosity, branching pattern, width and size, a 34-D feature vector is extracted from linear
feature, texture feature, moment feature, variance feature and intensity feature. Most retinal
vascular morphological features are taken into consideration by means of the multiple feature

fusion vectors. These features describe retinal vessel from edge information, intensity difference,
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blood vessel size, connectivity and statistics. Third, feature vectors in every pixel are treated as
training data and manual segmentation standard is treated as training label. A random forest
classifier, known for its simplicity, anti~overfitting and information fusion capability, is trained
with 34-D feature vector and its label. Taken different feature into consideration, 100 decision
trees are established from random forest model. During each decision tree, the vessel pixel is set
as positive point and the non-vessel pixel is set as negative point. Preliminary binary segmentation
results are voted by multi-decision tree classifier. Finally, segmentation results are obtained from
vessel image post-processing. Small or non-vessel pixels, like artifact and lesion noise, are removed
via vessel image post-processing filter operators which are defined with the information of intensity
distribution and connected domain. The proposed method is tested on two publicly available
fundus databases DRIVE and STARE. Average sensitivity is 0. 8354 and 0. 8452 on the DRIVE
and STARE database respectively. Meanwhile Average accuracy is 94. 83% and 95. 34% on the
DRIVE and STARE database respectively. The proposed method achieved highest sensitivity
compared with existing method. Moreover, the accuracy also approaches the best value. The
experiment results showed that proposed method acquired good segmentation performances in
small blood vessel and connectivity. The results compared in each healthy and unhealthy retinal
image achieved similar sensitivity and accuracy, which denotes that the strong robustness and
good stability of proposed method. In comparison with the existing methods, the proposed
method achieves the following contribution: feature extraction in this paper contains vascular
geometry, morphology, intensity and statistic information, which describes retinal vessel
information as much as possible. Healthy and unhealthy retinal vessel segmentation were both
performed and achieved high accuracy. The vessel image post-processing method is also available in
other vessel segmentation post-processing.

Keywords retinal vessel segmentation; feature extraction; supervised learning; random forest;

vessel image post-processing
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FH P E LR (£HRH) Ist_manual # 2nd_manual.
A IEL 1st_manual {E 74 I & 2 BUE 7% 14 48 318 IE &Y
e, & NR & Xt i AL W AR B 5 BE HL 40 BL
3000 MR AF 7000 MIEME (B E)H) K. N
REEARMN 20 1R ZRE Fr ik i L% 200000 #
AEABEIFRIME 7 EFAIIZRE.

41

STARE #1 DRIVE # #& FE | 4 77 7€ 2 FR 1L ™

FEESRESRTMMERG EANEKELERRA . R

THUMEEG S —EREDENESRSES.E
NELEROETINMBEEREN—TREEZER. £X
% STARE # DRIVE @818 FE F A B
HITTHE . XER STARE $# FE# im0081 (##
BRALMAE) A1 im0239 REMM B N EIERIER
ZRERR SKEGHNESNERFEFEFUARBER
EREXHH.

4 R EERAN R T 400 BE B R R I B IR BN 45
ROEHAPE 4 F (D 53 2 55K E 0K TR
R R E & B 4(h)FA(e) 4 R 2 F A RF Bk i@
RUMBEMFEEAMERINER. AE 4( A
M BEHPRFOESEBREEEANERERLSA
—IMREFNDERNER IEEGPREFLE
MAREENERS B 4(OMERLELER,
FULEBEEALERTEHMAIMAZERLAR
. ME 4Ce) A DL, 7E 40 72 95 25 A9 41 ) RS B 1R B,
RFHMRBEREFESHUEMAELEEME K
S EIORELEER. TUEHAXEXHE
SEEFHERTRBOMIELER S EBTAX
FIRAMNDERLEAEZNENE. FL. @50
ERNERNSMWTEAUNEL . B4/ RF Eif
MERAMBELERRINRRF . EEFRETEGH
FRERIFESLME ML, WML EBRELER
HRTEMNFEEAMBERGHERER MR, G
BEREE. ERANEEINENEETHE—PRS.

4 ANEEMERDER

B 5 AHTXE[27] . X[ 28 AR AN E*
EDRIVEHEELREBEAMBEGSIER.
BEITRBEANEEG. £ 2 TREEHFTHMN

WEEEE AFESHNE.E S EM ETRERS
ERFHRMMSEREERR.E3IT2HANME
SmMEESLMBITRK. B 5a) A M R EIEE
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B ESMEZEALERHERFHAIEIRESEHE
B.ES5(oRXM27TERAMRERKFEERERFE
HIRIE R B 5(D R 28I B & RELMRE
BEBIMRRER . BS5(ORANNRNER. &
WA REENSEERLZI, XAk 28 ] HEE M
ENXLSERLRIMRTF RMNERPERS

AXMEMA, MBIRSE. MXAK[27 | B FRIE
MEFELR, T LM/ MEZFERIR, MERNA
TEEAS EOHHA P MENANERGEEE
ZEX.ZEXMNMEREETH FEEIGKRIZE. HEL
L EXFAAMEE, AR IRIE AR XB[ 28 | &%
BEEEIFMEBRME LM 27 FEFHTEE.

5 FREZESEERILLE

ERRAMBEEG L AXEESXB[28]
BZHAETHONR. BERALM27 JNERERER
MEEERFESERE BZEEERTTSH
PMEFER. FSMERKEFRKEEEZMTH
BURMAMIREN X[ 28/ EAMERELE
FRAER I A EE L2 A XM & HF1E R BLAY — &B
DRI ERFEINAEEE. XHK[28]M 7 2%
BARNBE—HEMNSIER . FANTELBEME
TEMBEBFRIER AUAXRNERT
NEETANEFR . ENAIMERFESEEB
HIIRER.

PHFREAMBEEGHE FREEHELZETIL,
HEABUHESEEANEHLEARE. XLE 505
IfTHEREGSE 2 THRARTEG. Z&EF
[E] A4 2% e 1% i I 7 BIR JER 2 BB P 0 9 B B IR R IR AR
AFH AZEMNEREAEXRAEERE,Z4MM
EHREXLE SR T, X Xt 4 W BE M R R B2
— AP B B 2ITRRATSEZERN
FEMMREGPRMERRLER. 6 3 TENT
B2 TEBPHMERX S @A/ ME RB#THRA
F Xt bE. MBI XFEE AP AT ED SCAR[ 28 J A9 4R BN

ZREPTMEEREHNAPE EOERKNH L
GEWR, XK 27 WIRNERREEENNE &
X AFSHPMERKRN. AXFEEEERHTRER
AREZR NREEETSUSERLSEMERTEER
MESFEMESFE.ESFLENIEENB+2E
REOPRRTAXHRIER AL TFERE
B ANAENRREREUTRE . EMERIAL
TEREBERHESEMTER S S, 28 5
R E EE M K um 89 W AR M & &8 1R §F iR
5l 5 72 40 ) B 7 35 BT BURY R €8 X 38D BB IE E i 4
meE ., EEeBmtir.
AEEBNMAXRMEMERNE LT XK
X@itTMESE RS AMERANEREERT H
R E AR E PR F (Sensitivity) , "Rom IEFR 4
KHMEGRESESLMEGRRTNE S F BRAMEER
FPR(False Positive Rate) RIRIEESBREHE DA
MEMGESEXLIETRREINESE:HRMH
(Specificity) RINEMPEMIEMERE S ESLIF
MEGENE D E BERE (Precision) RINIEW 57
KHMMEGRESSZEBRASLEITNESE ERE
(Accuracy) RIREBPIEMENEMEZGRE LHEN
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BREEENE S E. Fmeasure R NBRESH Sensitivity

A (Precision) Z BB EL B X &R, & 12 BT G 35
BRHETTELAXNT.

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

@D

Sonsitivi T, 16 EF BEAM(T,) AEBHIRA DI ESRENHE; B
A Ay B (T O N EMRIAMENSGEMSE: BAL
FPR Fp an (FOABIRIANIEMEB S D ENE B RBME(FY
Frt Ty HHIRIAS M E R ER BB FEK 5 F 84 o 1R B
Speci fity — Ty (18 HER(FPROM/EIF ERIBRYBRMIF. X 10
pect iy = 1 TR, E2AMTALEEE DRIVE 838 E# STARE
Semsitivisy = Tp+Tx (20) HIEELTHNERINEEEEREG. AETFRXS. B
Y T+ Tyt FotFy — RIS S E B IR R R E .
1 DRIVE
Sen FPR Spe Pre Acc
Image
RF TP RF TP RF TP RF TP RF TP
1 0. 9508 0. 9206 0. 0838 0. 0652 0. 9162 0. 9348 0. 5266 0. 5804 0. 9193 0. 9335
2 0. 9015 0. 8769 0. 0454 0. 0375 0. 9546 0. 9625 0. 6939 0. 7275 0. 9492 0. 9538
3 0. 9000 0. 8682 0. 0847 0. 0583 0. 9153 0. 9417 0. 5403 0. 6226 0. 9137 0. 9344
4 0. 8346 0. 8116 0. 0293 0. 0250 0. 9707 0. 9750 0. 7426 0. 7666 0. 9582 0. 9599
5 0. 7986 0. 7759 0. 0256 0. 0216 0. 9744 0. 9784 0. 7629 0. 7879 0. 9579 0. 9594
6 0. 8781 0. 8345 0. 0681 0. 0470 0. 9319 0. 9530 0. 5816 0. 6567 0. 9267 0. 9414
7 0. 8249 0. 7947 0. 0410 0. 0272 0. 9590 0. 9728 0. 6694 0. 7460 0. 9468 0. 9565
8 0. 7291 0. 6989 0. 0259 0. 0192 0. 9741 0. 9808 0. 7258 0. 7743 0. 9530 0. 9566
9 0. 8661 0. 8180 0. 0445 0. 0323 0. 9555 0. 9677 0. 6317 0. 6909 0. 9482 0. 9556
10 0. 8513 0. 8202 0. 0418 0. 0342 0. 9582 0. 9658 0. 6464 0. 6825 0. 9494 0. 9538
11 0. 8810 0. 8501 0. 0832 0. 0537 0. 9168 0. 9463 0. 5102 0. 6090 0. 9136 0. 9377
12 0. 8483 0. 8159 0. 0395 0. 0328 0. 9605 0. 9672 0. 6698 0. 7017 0. 9508 0. 9542
13 0. 8557 0. 8207 0. 0464 0. 0361 0. 9536 0. 9639 0. 6666 0. 7111 0. 9440 0. 9499
14 0. 9019 0. 8600 0. 0600 0. 0442 0. 9400 0. 9558 0. 5696 0. 6312 0. 9370 0. 9481
15 0. 8853 0. 8647 0. 0583 0. 0450 0. 9417 0. 9550 0. 5392 0. 5968 0. 9376 0. 9485
16 0. 9278 0. 8789 0. 0735 0. 0535 0. 9265 0. 9465 0. 5560 0. 6196 0. 9266 0. 9403
17 0. 8604 0. 8044 0. 0555 0. 0390 0. 9445 0. 9610 0. 5802 0. 6556 0. 9374 0. 9478
18 0. 9274 0. 8937 0. 0828 0. 0630 0. 9172 0. 9370 0. 4900 0. 5498 0. 9180 0. 9336
19 0. 9064 0. 8888 0. 0537 0. 0482 0. 9463 0. 9518 0. 6041 0. 6252 0. 9430 0. 9466
20 0. 8438 0. 8108 0. 0409 0. 0358 0. 9591 0. 9642 0. 6207 0. 6429 0. 9506 0. 9530
overall 0. 8686 0. 8354 0. 0542 0. 0409 0. 9458 0. 9591 0. 6164 0. 6689 0. 9390 0. 9482
2 STARE
Sen FPR Spe Pre Acc
Image
RF TP RF TP RF TP RF TP RF TP
1 0. 8123 0. 7931 0. 0808 0. 0621 0. 9192 0. 9379 0. 4659 0. 5255 0. 9107 0. 9263
2 0. 7625 0. 7207 0. 0786 0. 0641 0. 9214 0. 9359 0. 4089 0. 4450 0. 9108 0. 9215
3 0. 8456 0. 8180 0. 0622 0. 0356 0. 9378 0. 9644 0. 4640 0. 5939 0. 9323 0. 9556
4 0. 8210 0. 7793 0. 0461 0. 0294 0. 9539 0. 9706 0. 5877 0. 6798 0. 9440 0. 9564
5 0. 8991 0. 8853 0. 0725 0. 0552 0. 9275 0. 9448 0. 5518 0. 6145 0. 9249 0. 9395
6 0. 9250 0. 9159 0. 0572 0. 0391 0. 9428 0. 9609 0. 5476 0. 6366 0. 9416 0. 9577
7 0. 9144 0. 9058 0. 0389 0. 0334 0. 9611 0. 9666 0. 6720 0. 7025 0. 9574 0. 9617
8 0. 9232 0. 9141 0. 0442 0. 0363 0. 9558 0. 9637 0. 6278 0. 6701 0. 9534 0. 9600
9 0. 9105 0. 9002 0. 0367 0. 0320 0. 9633 0. 9680 0. 6792 0. 7058 0. 9591 0. 9625
10 0. 9100 0. 8896 0. 0684 0. 0437 0. 9316 0. 9563 0. 5379 0. 6403 0. 9299 0. 9509
11 0. 8883 0. 8697 0. 0340 0. 0301 0. 9660 0. 9699 0. 6667 0. 6891 0. 9604 0. 9627
12 0. 9567 0. 9528 0. 0476 0. 0416 0. 9524 0. 9584 0. 6273 0. 6575 0. 9527 0. 9580
13 0. 9229 0. 9155 0. 0682 0. 0539 0. 9318 0. 9461 0. 5695 0. 6240 0. 9310 0. 9434
14 0. 9114 0. 8973 0. 0519 0. 0398 0. 9481 0. 9602 0. 6361 0. 6921 0. 9447 0. 9545
15 0. 8621 0. 8340 0. 0419 0. 0309 0. 9581 0. 9691 0. 6604 0. 7182 0. 9498 0. 9574
16 0. 8005 0. 7763 0. 0619 0. 0464 0. 9381 0. 9536 0. 5951 0. 6553 0. 9240 0. 9355
17 0. 9008 0. 8872 0. 0320 0. 0268 0. 9688 0. 9732 0. 7348 0. 7648 0. 9620 0. 9655
18 0. 7734 0. 7448 0. 0166 0. 0112 0. 9834 0. 9888 0. 7133 0. 7797 0. 9728 0. 9765
19 0. 8338 0. 7974 0. 0287 0. 0192 0. 9713 0. 9808 0. 5670 0. 6510 0. 9654 0. 9729
20 0. 7614 0. 7063 0. 0569 0. 0322 0. 9431 0. 9678 0. 4890 0. 6103 0. 9310 0. 9503
overall 0. 8667 0. 8452 0. 0513 0. 0382 0. 9488 0. 9619 0. 5901 0. 6528 0. 9429 0. 9534
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EXHENHFEERHERT 20 iBEKEAN
RE.S—KEGNABENOESHEE REMN
EHREE EHEURERE BRTAXEZE(This
Paper, TP M) ETIEHR. AT HFERIEME RIS
RRtBEELER. E—TUERBLEET RF BEiE
MBELER. RFEENHRESTAXEX.BEH
FEMBERAEREDBZ AN EEZTEIFHNIER.
XREAAEBRFLAMAOEHNELEIEFR, 2R
BBRTHEMAOEGERE. AKXRLT F, . BHRH
BEtEROMLESZREIESE.RLT 7. 0
BEERGRELENEHEESURE 0 03 AKRMN . E
THEHSK ADERY EPBRAEERFHRED 0 014,
FEHSHETEHEM 0 013, M EF M 0 052,
EMEFHIRS 0 007. F 1 A% 2 1% 548 M fE M@
ERGBRALBELIEEZNNRE. EFNBEBEESD.
EREREAMNBERGIZFRTUMERG. AX
BiEHREEEMERIEE SUER. . XXPEAXE
ENREAMEERRRFNREAEN. ARNEFTR
38 B $1 9 kA0 3 R 7S B9 R
4.2 RF

ATHIELE S S LMW REIFIEFiE X E ik A
BIIRF.7E DRIVE BIIEER S RIER 5 Kp—4F
fF(Z REZ M. LBP B &R 1F . Haar 4545 1F .
FESE RESME A TREILFRINZE 20 1810
MEEER. &REHE 5 RN M ELE 5 K88,
ZUHEBIN P EBNEBRESERZE.HFS5A LIRS
B 31 EBHFERMENEENTEL WL E R I E 3.

3 DRIVE
Feature Sen Acc
Multi-scale linear 0. 7283 0. 9403
LBP Feature 0. 6825 0. 8352
Haar Feature 0. 6543 0. 9247
Variance Feature 0. 5782 0. 7483
Intensity Feature 0. 7366 0. 9356
34-D Feature vector 0. 8354 0. 9482

MNRSHPAUEH  E—HEFXBHHRE
MERERIMSHFEMETLER. SMHE—HHE
ZUTMAHEILXERETEANER. SLERY
BFNAE—HEMNSEER RSBIEESH
RAAR SRR A FHIE A Z A E AT T 4L W AR L&
FE WRIETANENMARBEMRENATER
AT ERE.

4 3

EOAMBELESEE LD FEEREMMERE

ELRAFALEEEE. AR IEATIZA 5228
BIMERE EEL T SVM # AdaBoost MM BRI iz
MABEFISEBEAINBEZL. & DRIVE ¥
HEERIEEET 20 IBEGANGE K. F 20 8 AN
KEG. UEXEEMl%GEE. 22 0E.RE8E
FRETREMENERIBIR MHEXBERME 41 iR,

4 DRIVE
Method T‘raini/ng chﬁlcntfltion Sen Ace
time/s time/s
SVM 5739, 6 1342. 3 0. 6324  0.9421
AdaBoost 749. 9 14. 2 0. 7958 0. 9371
Random forest 2497. 1 12. 6 0. 8354 0. 9482

METE FHEER=K LB . BTFINEHELD
HES. EIlSHEARKN.SVMNITEELES
BRI, HilGMoEREZ8d s €752
FFERESTEBISE. ™ B BT A E a9 9K E R
KEGERFARMNZEYR.SVM BEiENZEHF
IRAE W R BRI, 5 E N K. AdaBoost &
EHEERAEMISGHE . EESEMNEREI =M
FERREN. BUERIRBEEPENINSEH
B &L HSIRENMIIERERS. ZFELEREX
ERAFE BIARDPLBRREATEHESSE
HIINENEEEMNE > EKSE.

MAXNEES5HEMXMEENERELERD S
RBR#EXRS MK 6 L. &£ DRIVE #1 STARE #4&
REERTELEEMT B EEE ML, EEE
BRE HREMEREMEIERILEMER LR
THERFEFZEMMENLE 45 5 &% & DRIVE
STARE #IEEM . WILBHAXE X ERIE
SERENRN . FERFHNERE. XEKRESE
ZRERTRMFELEFS . 4 BN MLEZE
SR

5 DRIVE
No. Type Method Sen Spe Acc
1 2nd human observer 0.7796 0.9717 0.9470
2 Nguyen et al. [ 0.7527 — 0. 9457
3 Yin et al. [7] 0.8644  —  0.9464
g Unsupervised - o ey 0.7240 0.9742 0.9533
methods
5 Wang et al. [29] — — 0.9461
6 Zhao et al. [30] 0.7354 0.9789 0.9477
7 Zhao et al. (31 0.7420 0.9820 0.9540
8 Liang et al, (27 0.7535 0.9724 0.9536
Supervised g, 920 0.7447 0.9838 0.9606
methods
10 Fraz et al, [33] 0.7406 0.9807 0.9480
11 Liskowski et al. [18) 0. 8460 0.9673 0.9507
12 Dasgupta et al. 3] 0.7691 0.9801 0.9533
13 P 0.8354 0.9591 0.9482
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6 STARE
No. Type Method Sen Spe Acc
1 2nd human observer 0. 8951 0. 9384 0. 9348
2 Nguyen et al, [6] 0. 7686 — 0. 9451
3 ' Yin et al. [7] 08254 — 0. 9532
g Unsupervised - ra0) 0. 7051 0. 9710 0. 9524
methods
5 Wang et al, [29] — — 0. 9512
6 You et al. [35) 0. 7260 0. 9756 0. 9497
7 Zhao et al. 31 0. 7800 0. 9780 0. 9560
8 Azzopardi et al. 5 0, 7716 0. 9701 0. 9497
9 ) Liang et al, /7] 0. 7909 0. 9630 0. 9503
1o Supervised Wang et al. [37] 0. 8173 0. 9733 0. 9767
methods
11 Liskowski et al. (347 0, 9289 0. 9710 0. 9667
12 TP 0. 8452 0. 9619 0. 9534

# DRIVE $IIEE EXTLL 12 KE L, AXHHE
MEEA 0. 9482, tHELHEB B —H Zhu & A FTIR
HEBEN RN A ERERE 0 9606 T 0 012, 5
HEEFEMEEDF OOl BIBREFE. ANEE
EHE B _HBURE 0. 8354, UK F Liskowski Fr
FRAMREFIMEER EVIERPRA A&
REANDE EONEFZEELEEETF TEE
B ANEENESAREREETRIHE RS ERER
KEEK MERFESE—HEFLEHE ANE
ENHEAERAMTFRBSREEIEE.

Xt STARE BiE&E i) 12 XEE . AN E
MEA O 9534, E 12 KEEPHE EWMEST
AXWMEZEDHE Zhao EAP EHMREAREIE
EEMNBEERMN Wang EAC IRHMERE T
WA Wang EARAMEER MR RIIFER. &
MEBEFIE 0 9767 . BEEFEETE Al S
B-COSFIRE B AN EHREREBIRS. AXE
ERSREARBLEREEZPE_SHN.SREA
0. 8354, Lk EEEZFHMT/T 0 1. AXEEWNMLE
GBEEEMRFNGRE. ERE K 3 TUEHREFIX
HRIF.ES5RREFHEESAIR. AXEEUBRR
HEHEREARN MARMRATEEHRE.FE
THRENEINE FINERTEES . BIRKMHA
MENS SR, b5 R A A XA W FE I & 2 5L
BEEAARIFNME 55 FTEEE.

6 BRTAXAE . XEK[281F X #k[27] A9
F-measure Il & 4% &€ i i 38 #%. 7 DRIVE £ &
E.3C@A[28]. @27 ]MAXHE RF5 TP 1y
F-measure F¥IHEERH 52 0 7114.0. 7377,
0. 7162.0. 7389; M ¥t F STARE #48 &, Xk 28],
Nak[27 AR H RF 5 TP 89 F-measure F 13t
BHERSARZ 0 7339.0.7251.0. 6991.0. 7341. 1B
MFXE[28 |2 — KM HEMMMENLERRE

6 F-measure T 881N 545

EANEENHBEERAT O 14, XRESHE
FMESXREENMDERETHX . ERRXEEMR
BINEGZRER. GEMITHBEENIRER . AX
B BE M BRIV E £ B F-measure BRI S
FERELZUBHERESKEEREE.
H—TIURAIEHEEEREBEGRAMERE. &
AR BEEENEFRMEATUEL, AXE XM
F-measure MiZ& ;R A F . &€ DRIVE i EHRITE
20 BN EGRPEEHEE L KFEEEMEAX
HiE Fmeasure A Z S A 4 0 0175, 0 0242,
0. 004, AXHEHTER /N #E STARE HEEHRITE
20 1@ 3K E & F-measure B9 A Z 2 5 4 0. 0093,
0. 0129.0. 0008, HF STARE ER EHK & H T A
B AMAPBEEZBEEPRAEZRK.EHD
HEESP . AXEER Fmeasure FEH AT /.
ZEUERRKPERLERRREEGLERFER
KREGH AXAEHAERIFMHE . WIETEHEEWN
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MNE 6 A, KX EiE F-measure B2k (TP)
HETFHENGFHREZHEZ R, . RPLEBREKEL
BAENBEIAHRLESLRBNSEEREHER
= EBECSRBRAREENSLERERATM . AXE
ERKEERKTHBEEE.

5

ESMUAMBENLEEHORERM L, AXHES]
NEEHE QESTE. EHTE. FESTENRES
EHEAANELENETRGEZENERE HRER
BAMENEFEIRPESERE . SHEE. K
SEEYFESGLEFR . BHAEARTATHM
REATHEMNOERE. FxRARENEENE
GESENEGENER: AREBIEKRLE S
LB NSRET, I 25 & 5k R F x5 &5 08 72 W) BE & 15K 89 B
it RRHAEIAK(ROOLES &R,
—SHERATOLERLERZE. T AWK ERLE K E
EafmgxitEEMERRER . KEILEEERT
RFIREAEZREPHFLER D (TERXIK. A% . 5K
M URERBSERMLESEER(TP). B &
DRIVE #1 STARE #i#E EHISL A EF Q. &K
NHmESE FiEE DRIVE HIEE L EREH
94. 82%; #E STARE BB E L ERESSIH 95 34%.
F-measure 38frRIFAE2.WIE T EEZNE %14,
AXHAMENERREZERNELEZRETER
EHBRE. EBERT, R KR E 1R B MW
EERGPMODLEES  BEERFNIERKEH M E.

AXHEECHFEMT: (D) AXEEIRR
B A0 P AR I & 4 A R S LA S IR EEM T
FLEFERINAI XY B X FERBTT T EIEAE,
MRETFEHERALEFES . BRET - NEHRER
R RNEREBEHIFNEREREL (O AXXE
FERBRMBTHUAMBEREERIFNS EMH
BE.EREBHNEZENE: OAXHNLES S E LMD
ERLEEERE ERIF. RH AN ELE R
ERBAEAMIBEEMANELE NERLE
BEUOAAEEENE Y EEEP.

AIXHEERAT L — S, $x o84
REEMEM, EHERRPALEEMANRKER
ERXFERANOEDSZHRIME AXEE
HIlGEMBRRBYUELS . SHERN LM BT
DERENTRE . FEMBREMAZ  AIREBESLERX

MAMBERERANHMNE WA EERERY
FERMWARE. B/ XERTEBRNFENSE
ARE FLERFEEASA. BERZEEMHEL
RiE EBTRINAIEERAESHZEROE
RBUTSGTFRIOESHANRBELER T
GRIRE
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Background

Ophthalmological diseases can cause vision loss. Diabetes,
glaucoma, multiple sclerosis, cardiovascular and other systemic
diseases of the retina will lead to retinal lesion. By analyzing
the quantity, angle, branch and curvature of the retinal blood
vessel, it can help the diagnosis. Traditional manual segmen-
tation is subjective and not repeatable. It will cost plenty of
time to extract lesion and vessel from abnormal images. That
is the challenge of retinal image analysis. Thus automated
retinal vessel segmentation is much needed for realtime
Retinal vessel segmentation

medical assistant diagnosis.

methods have greatly developed in decade. However, they
all have following disadvantages: (1) Fractured micro vessel
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.

In recent years, there are many method proposed for
retinal blood vessel segmentation including unsupervised
methods and supervised methods. Most of these methods
acquired segmentation results from single feature, which will
lead to too small vessel width or broken segmentation result.

This paper presents a supervised method for blood vessel

extraction based on multiple feature fusion in digital retinal
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images. Taken different feature into consideration, our
method can describe the retinal from shape, texture, micro
The proposed method obtains not only good

Besides
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performance in accuracy but also in sensitivity.
automated blood vessel segmentation in fundus images, some
other works in fundus have been completed, such as automated
capillary hemangioma and Jiangsu

detection of retinal
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