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Measurement of retinal vessel diameter using Gaussian process and Radon transform

LUO Zhongliang, JIA Yingbiao

School of Information Engineering, Shaoguan University, Shaoguan 512005, China

Abstract: The abnormal changes of retinal vessel diameter are closely associated with the development of cardiovascular and
cerebrovascular diseases such as diabetes and hypertension. Therefore, the extraction of retinal vessel information in fundus
images is significant for computer-aided analysis and diagnosis of related diseases. Herein a novel method for the
measurement of retinal vessel diameter is presented. After fundus image preprocessing, Gaussian process and Radon
transform are used to track the center lines and directions of retinal vessel, and then the retinal vessel diameter is estimated
using two-dimensional Gaussian process regression technology. The fundus image databases of DRIVE and STARE are used
for testing. The results reveal that whether for approximately linear vessel segments with small curvature, curved vessel
segments with large curvature, or vessel segments with changes in diameter, the proposed method can measure the retinal
vessel diameter efficiently, with low standard deviation and high operation speed.
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Figure 1 Preprocessing of original image
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Figure 2 Diagram of vessel tracking
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Figure 3 Radon transform features and vessel tracking
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Figure 4 Feature extraction for diameter measurement
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Figure 5 Flowchart of algorithm for measurement of

retinal vessel diameter
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Figure 6 Vessel diameter measurement
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Figure 7 Diameter measurement for vessel segments of different morphological structures
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Figure 9 Retinal vessel diameter measurement in various structures

H1 1] 6~ 9 AT A1, 56 T @ il FE A Radon 2840 R VERE , PERBIR AT -
A8 A8 AR BB D7 R I M R % 1 A O 2 A
A B A AR o AT R R T il AR AR N i B2k R i A
B AR il Y 1 AR B, i X T R R/ DR el L s S5 2 5 | A A 90 JEE 1 )
ARAY A B A SOy TR AR AR BT I B A ASES A R A AR A MR TR PRSI R IR ot R



11 5

Radon

- 1383 -

x1 MEETNESHEBUER)

Table 1 Comparison of vessel diameter measurement (pixels)

T b HxH B
1Bt
ASORE  REREDNEY ASONE REMIEY ASONE REMTED

A 4.833 2.744 0.179 0.571 0.144 0.471

B 3.609 2.500 0.164 0.533 0.124 0.205

C 2917 2.349 0.194 0.542 0.158 0.425

D 4.112 2.619 0.151 0.502 0.104 0.483

E 3.128 2.027 0.153 0.445 0.103 0.321

F 3.886 2.054 0.139 0.491 0.112 0.432

%2 MEFBENBLERGE) [52ik]

Table 3 Measurement results of vessel segment F (pixels)

o Zesmmix{d ZedmmiyfH ANisix{E AidyE ER

1 274.06 449.94 271.94 452.06 3.00
2 274.54 450.81 272.92 452.55 2.38
3 275.55 451.69 273.00 453.35 3.04
4 276.34 452.61 273.11 454.21 3.61
5 271.07 453.32 273.30 455.28 4.25
6 271.56 454.21 273.72 456.18 432
7 27791 455.16 274.27 457.01 4.08
8 278.44 456.02 274.64 457.94 4.26
9 278.72 456.97 275.29 458.76 3.87
10 279.34 457.88 275.52 459.66 4.21
11 279.81 458.80 275.87 460.56 431
12 280.09 459.77 276.39 461.42 4.05
13 280.51 460.68 276.79 462.34 4.07
14 280.82 461.58 277.35 463.24 3.85
15 281.14 462.55 277.87 464.08 3.60
16 281.79 463.41 278.02 465.06 4.12
17 282.43 464.18 278.22 466.11 4.63
18 282.69 465.16 278.78 466.94 4.29
19 282.77 466.23 279.54 467.70 3.55
20 283.48 467.21 279.49 468.60 4.23
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