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Abstract

To reduce time-consuming, a new algorithm is proposed for circle detection based on the theory

of data dispersion. The center coordinates and radius can be detected with the following steps in this

algorithm precisely and quickly. Firstly, image processing is needed to extract the boundary of the

primary image, which is almost like a circle in shape, and after that, the original circle is reduced

to a single-pixel width circle by image processing. Secondly, the center coordinates are calculated

by three selected points on the circle. There might be a deviation between the calculated center and

real center. Thirdly, a square area is determined for the center coordinates computing with an exper-

imental range and each pixel inside the square is a potential center. Fourthly, the center is compu-

ted with distance criterion and the center coordinate is determined when the variance reaches the

minimum. Lastly, the radius is equal to the means of the distance vector with minimum variance.

Experiments are conducted and the results show that the proposed algorithm gets the same accuracy

and better real-time performance in comparison with traditional Hough transform.
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0 Introduction

The growing development of artificial intelligence
has urgent demands on accuracy and real-time perform-
ance in image identification field. Artificial intelligence
is a new technology to mimic human intelligence,
which can be widely used in robots, natural language
processing, image identification, expert system, etc. ,
among which, the image identification is very important
which can simulate human eyes to draw out meaningful
visual information for the whole artificial intelligence
system. There are a lot of circular objects in military,
biological field and industrial site such as cells, snap
rings, eyes, balls, etc. How to detect out the position
and the size of the circle precisely and quickly with im-
age identification is an indispensable part of artificial
intelligence.

The traditional Hough transform was put forward
by Hough in 1962, which is regarded as an effective
method to identify arbitrary analytical curves based on
Traditional Hough
transform has good robustness to the random noise and

an edge detection algorithm'''.

it is capable of detecting incomplete analytical curves.

The creation of Hough transform is that it converts
global detection into local peak detection in the param-

2) The disadvantage of the traditional

eter space
Hough transform is that the mapping of image space to
the parameters space is a one-to-many transform, and
results in a large memory usage with bad real-time per-
formance.

Lots of methods have been proposed to improve
the traditional Hough transform, which mainly focus on
decreasing the dimension of parameters space and avoi-
ding a large number of pixels involved. In 1993, Xu,
et al. proposed the randomized Hough transform
(RHT) "', which selected three different points on the
circle arbitrarily to calculate the center and radius of
circle, and then the voting result of the distances be-
tween the center and each point on the circle was used
as criterion; RHT reduces the amount of calculation
and memory usage, and its shortage is too sensitive to
the distortion of circle, which leads to an invalid voting
result. In 2005, Zhang, et al. proposed a method to
detect circle for simple image identification*’ | the
chain code of the image is used to calculate the circu-
larity of image and the radius of circle if without inter-
section. In 2008, Shang, et al. proposed a method for
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circle detection based on right triangles inscribed in a
circle’” | which extracted constructs array storage
space based on the positon of valid pixels to avoid
searching triangles in image space but compressed ar-
rays, the translation of calculation from circle parame-
ters to triangles avoided repeated arithmetic operations
and reduced the running time, and the accuracy of the
detection result is less than pixel. In 2015, Cai, et al.
proposed a fast circle detection method based on re-
glon-growing of gradient and histogram of Euclidean

distance'®’

, which computed the gradient module and
direction of pixels to get support regions, and then a
square fitting area was determined to get a three dimen-
sional accumulator and a histogram to display the vot-
ing result.

This paper proposes a circle detection algorithm
based on data dispersion, which uses image processing
to acquire a single-pixel width circle, determine the
feature region according to the characteristics of circle,
builds the distance criterion and picks up the real cen-
ter using data dispersion. Once the real center of circle
is found, the radius can be figured out corresponding-

ly.
1 Theory of detection algorithms of circles

1.1 Traditional Hough transform

The traditional Hough transform is to map the
edge points to the parameter space, and then accumu-
late all the coordinate points in the parameter space,

where the point with the maximum accumulated value
corresponds to the center of the circle!”*’.

The equation of circle in Cartesian coordinate sys-
tem is

(x—a0)2+(y—b0)2 =r§ (1)
Each point (x;, y,) in image space corresponds to a
cone in parameter space, and the equation of the cone
1s

(a=x)" +(b-y)" =71 (2)
A(xy, 1), B(xy, ¥5), C(xs, y3) and D(x,, y,) are
four points on the circle with center (a,, b,) and radi-
us r,, their corresponding cones intersect at (a,, b,,
r,) in parameter space as shown in Fig. 1.
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Fig.1 Theory of circle detection using Hough transform

1.2 Algorithm based on data dispersion
1.2.1
Fig.2 shows the procedure of the algorithm pro-

Procedure

posed.

Determination of

feature region

Image processing — >

. N Determination of
Calculation of feature —»

center and radius

Fig.2 Procedure of the new algorithm

(1) Image preprocessing is to get the circle with
single-pixel width. Circle with multi pixels width has
no obvious influence on the accuracy of detection and it
brings unnecessary calculation and increases the run-
ning time of the algorithm, which will weaken the real-
time performance of system. Therefore, the effect of
image preprocessing will directly influence the perform-
ance of the algorithm.

(2) A theoretical center O is calculated with
three selected points on the circle, these three points
separate the circle with single-pixel width into four part
with approximate distance. Then a square area is de-
termined with an experimental range, O’ is the center
of this area, each pixel inside this square is a potential
center of the circle.

(3) Calculation of feature means calculating the
distance between each potential center and each pixel

on the circle.

(4) For all the points on the same circle have the
equidistant distance to the center of the circle, in other
words, the variance of the distances between the center
and points on the circle is zero, and the radius equals
to the average distance. According to this theory, the
potential center corresponding to the minimum variance
of the distance vector is the real center and the means

of this distance vector is the real radius'*'’.

1.2.2 Theory of the algorithm

There are several parameters that are used to de-
scribe the dispersion of data, for instance, range, in-
terquartile range ( IQR), variance, standard devia-
tion, mean deviation, coefficient of variation (CV).
The statistic related to this new detection algorithm of
circle is variance.

A set is formed by the coordinates of the pixels on
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the circle, | (x,, y,), =, (g, ¥3) 5000, (g, ¥ |
The theoretical center O'(a,, b,) is calculated by
three arbitrary points ( Point 1, Point 2, and Point 3)
in this set. According to experimental §, a square area
is determined, (a, —6 <a<a,+5, b, -6 <b<b,
+8), and each pixel inside this square is a potential
center. Fig.3 shows the theory of this new algorithm,
(26 + 1) is the number of the pixels.

Point 2

D(i, j, k)

Fig.3 Theory of circle detection using new algorithm

For two points (a;, b;) and (x,, v,), (a,, b;)
(ap-86<a<a +6,b-86<b<b, +8) and
(xks yk) € {<xls yl) "“,<xk’ yk) ,"',(XN, ys\/) % ’
the distance between this two points is D(i, j, k)

D(i’j’ k) = (xlr_a[,>2+(yk_bj)2 (3)
1 <i<26+1,1<<26+1,1<k<N, Nisthe
number of the pixels on the circle.

The three-dimensional matrix D can be written in

a two-dimensional form.

V11 V12 Vl,(26+1)
D = V21 sz Vz,(25+1)
V<25+1),1 V(23+1),2 V(25+1>,(25+1)

(4)

Element V; is a vector and it represents the dis-

tances between the theoretical center (a;, b;) and all
the pixels on the circle.

2 . .
o ; represents the variance of elements in vector

V;, @ is the matrix of variance.
2 2 2
o (28T 01, (25+1)
2 2 2
b = 0'-21 0'.22 0’2,(%0’+])
2 2 2
T 25+1),1 O (2541) 2 O (25+1),(25+1)

(5)

The features of circle show that the distances be-
tween center and all points on the circle are equal, in
other words, the variance of distance vector is zero and

. . 2 . ..
the means is the radius. If o, is the minimum element

mn
2

mn

of @, the point corresponding to o, is the real center,

and the means of the elements in V_ is the real radius.

2 Analysis and experiment

Accuracy and real-time performance are two key
index of algorithm. This paper analyzes the calculation
to compare the real-time performance of this proposed
algorithm with the traditional Hough transform, and
compares the accuracy of these two algorithms by an
experiment.

2.1 Analysis of real-time performance

For the detection of circle whose center and radius
are unknown, firstly, traditional Hough transform
needs two loops to find the circle, the number of in-
volved pixels is H x W, H is the height of the image, W
is the width of the image. Secondly, traverse should be
done on the range of radius, (r,, r,), which needs
one loop. Thirdly, forr, € (r,, r,), each pixel on the
circle in the image has a corresponding circle in the
parameters space; for each pixel, it needs two loops in
the parameters space, the number of involved pixels is
2r, x2r,, for all the pixels on the circle, the number of
involved pixels is 2r, x 2r; x N, where N is the number
of the pixels on the circle. In conclusion, traditional
Hough transform needs five loops when detecting cir-
cle.

The algorithm proposed in this paper needs two
loops to find the circle, the number of involved pixels
is H x W, H is the height of the figure, W is the width
of the figure. Secondly, the distance between each po-
tential and each pixel on the circle is calculated. Three
loops are needed in this procedure, the number of pix-
els involved is L x L X N, and L is width of the square
that consists of potential centers, L is far less than r,.

The number of involved pixels suggests that the al-
gorithm proposed has better real-time performance than
traditional Hough transform.

2.2 Comparison of accuracy

An example is designed to verify the accuracy of
the new algorithm compared with the traditional Hough
transform.
2.2.1

Image processing is used to acquire the circle with

Image processing

the single-pixel width, for different situation, the pro-
cedure of image processing is different. Fig.4 shows
the image processing of the example.
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(a) The original image (b) The gray image

Fig. 4

Fig.4(a) is the original image; Fig.4(b) shows
the result of gray processing; Fig.4(c) is the binary
image of the gray image; Fig.4(d) is the result of
morphological processing; Fig.4(e) shows the skele-
ton extraction of the circle; Fig. 4(f) shows the result
of deburring and this is the result needed.

(1) Gray processing. Gray processing is used to
delete useless information of colorful image.

(2) Binarization. For the detection of circle, bi-
narization is used to extract the target from the back-
ground.

(3) Morphological processing. The original image
contained image noise, and after procedures (1) and
(2), the image noise is converted to spots like target,
morphological processing is used to remove these spots.

(4) Skeleton extraction. The purpose of image
processing is to get the circle with single-pixel width;
skeleton extraction is used to get the skeleton of the
circle.

(5) Deburring. The acquired skeleton of circle
has some spurs, deburring is used to remove these
spurs and get the circle with single-pixel width.

(c) The binary image

(d) The morphological (e) The single pixel image
processing image

(f) The debur image

Image processing

2.2.2 Experiment and analysis

Traditional Hough transform has very high accura-
cy in the detection of circle. This paper analyzes the
accuracy of the proposed algorithm by the comparison
with traditional Hough transform. These two methods
are developed in Visual Studio software as shown in
Fig.5. Two different images are experimented to detect
the circles for a ring and a disk.

From the figure it can be seen that the traditional
Hough algorithm and LiSan algorithm proposed can ex-
tract the edges of the two shapes out and present most
consistency in coordinate of the center and the size of
the radius, while the LiSan algorithm is superior to
Hough transform in time-cost of detection. Although
LiSan algorithm takes 15ms in detecting the circle of
the ring, only 1ms faster than that of Hough transform,
the new algorithm takes almost 1/14 time in detecting
the disk as shown in Fig.5(b). From the above it can
be seen that, the proposed algorithm has more advanta-
ges in detecting rate than Hough transform with the
same detecting accuracy.

#% CircleDetect 2 = [m] X

Hough

LiSan

Open Hough (x,y)=(145, 105) r= 101.257 t=16ms ‘

Lsan  [(x,y)=(145, 105) r=101.736 t=15ms |

Enter Cancel

(a) The comparision experiment 1

&4 CircleDetect 2 i O X

@

GW-LWD(BWRIR B B2 ¥

Open Hough ‘(x,y)=(113, 113) r=97.6217 t=219ms ‘

Lisan ‘(x,y)=(10‘3, 108) r=99.4279 t=16ms ‘

Enter Cancel

(b) The comparison experiment 2

Fig.5 Comparison experiment between Hough transform and the new algorithm

3 Conclusions

Real-time performance and accuracy are two criti-
cal index of the recognition system. Traditional Hough
transform has high accuracy, but it is time-consuming
and hard to reach a better real-time performance. This

paper proposes a new detection algorithm of circle
based on data dispersion. Compared with the tradition-
al Hough transform, the new algorithm can avoid the
mapping of image space to parameter space and reduce
the number of pixels involved, in addition, the new al-
gorithm has good robustness and is capable of detecting

incomplete curve as well. Analysis and experiment
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suggest that the new algorithm has good accuracy and a
better real-time performance.

On cases of two or more circles in the image,
some other methods should be used to separate these
circles, and then the parameters of these circles can be
calculated out separately with the new algorithm.
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