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Motivation

Traffic sign recognition Satellite coupling

Assembling mechanical parts Medical diagnosis 

Two main challenges for ellipse detection 

• Low accuracy of ellipse detection

• High computational cost 
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Pre-processing Ellipse detection Post-processing

Edge detection

Arc extraction

Arc classification

Arc grouping

Parameter estimation

Validation



Edge detection and arc extraction
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Original image Edge image Image with (+) gradient Image with (-) gradient

The gradient sign of image:

𝑋(𝑝𝑖)= 𝑠𝑖𝑔𝑛(tan(𝜂𝑖)) = 𝑠𝑖𝑔𝑛 𝑑𝑥 ∙ 𝑠𝑖𝑔𝑛 𝑑𝑦

The arc is fitted by a series of line segments (𝑙𝑖,𝜃𝑖). The sharp points are 

identified through the following geometric constraint:

𝜃𝑖 − 𝜃𝑖+1 > 𝑇ℎ𝑟𝑒𝑎
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B-Inflexion point



Arc classification
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The arc convexity-concavity

Therefore, based on the functions Χ and Θ,each arc 𝑎 can be classed to the 

corresponding quadrant by the function Φ:
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The arc sets consisting of an ellipse must satisfy the two following constrains:

• The relative position

• The same ellipse centre. 
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Parameter estimation(Accumulation method)
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Determination of ellipse centre (Parallel chord method):

𝐶. 𝑥 =
𝑀𝑏.𝑦−𝑡2×𝑀𝑏.𝑥−𝑀𝑎.𝑦+𝑡1×𝑀𝑎.𝑥

𝑡2−𝑡1
,

𝐶. 𝑦 =
𝑡1×𝑀𝑏.𝑦−𝑡2×𝑀𝑎.𝑦+𝑡1𝑡2 𝑀𝑎.𝑥−𝑀𝑏.𝑥

𝑡2−𝑡1
.

Estimations of other parameters(Decomposing the parameter space)

𝑁2= −
𝑞1−𝐾 𝑞2−𝐾

1+𝑞1𝐾 1+𝑞2𝐾
,

with 𝐾 = tan𝜌 , 𝑁 =
𝐵

𝐴
, 𝛼 = 𝑞1𝑞2 − 𝑞3𝑞4,

𝛽 = 𝑞2𝑞4 𝑞3 − 𝑞1 + 𝑞1𝑞3 𝑞4 − 𝑞2 + 𝑞1 + 𝑞2 − 𝑞3 − 𝑞4 .Thus,

𝐾 = ± 1 −
𝛽

𝛼
.
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Validation by the ratio of circumference 

Arc1Arc2

Arc3

d

Assuming that the coordinate of point is on an arc 𝑥𝑖 , 𝑦𝑖 ,we put 

this coordinate into the following equations:

𝑋 =
𝑥𝑖−𝑥𝑐 cos 𝜌+ 𝑦𝑖−𝑦𝑐 sin 𝜌 2

𝛼2
,

𝑌 =
𝑦𝑖−𝑦𝑐 cos 𝜌− 𝑥𝑖−𝑥𝑐 sin 𝜌 2

𝛽2 ,

𝑑 = 𝑋 + 𝑌 − 1 < 𝑇ℎ𝑟𝑒𝑑 ,

𝜓 𝜏123 =
𝑁ℬ

𝑁1+𝑁2+𝑁3
> 𝑇ℎ𝑟𝑒𝑛
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1.Dataset of synthetic images 

2.Dataset Prasad

3. Dataset #1

Bai et al (2009)

Liu et. al (2009)

Mai et al (2008)

Prasad et al (2012)

Fornaciari et al (2014)

Public Datasets Compared Detectors

Performance metrics

F-measure and the execution time t

The Precision and Recall values are computed as follows:

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 =
Ω

𝑁
, Recall=

Ω

𝑀
.

F-measure is obtained as follows:

F−measure =
2×𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛×𝑅𝑒𝑐𝑎𝑙𝑙

𝑃𝑟𝑒𝑐𝑖𝑠𝑖𝑜𝑛 +𝑅𝑒𝑐𝑎𝑙𝑙
.
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Practical detection cases for Dataset Prasad and Dataset #1 

Experimental results
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Experiment results
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Detection results for Dataset Prasad and Dataset #1

Detection results regarding F-measure for Dataset of synthetic images

Dataset Prasad Dataset #1

F-measure(%) Average time(ms) F-measure(%) Average time(ms)

Bai 2009 16.85 23.107 0.2604 1160 

Liu 2009 8.08 20.06 0.1170 978.8

Mai 2008 18.31 28.53 0.2604 521.5

Prasad 2012 44.18 158.32 0.4512 1370

Fornaciari 2014 43.70 5.56 0.5716 18.55

Ours 47.56 18.17 0.6031 27.56
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