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Abstract

To solve the problem that the conventional circle detection alg &3has low
processing speed and poor identification accuracy in presence of o objects, a
novel multiple circles detection algorithm is proposed. ‘% the co@lve edges with
single pixel are obtained through an edge tracklnggp d. the edges of
overlaid objects are extracted from the cross se’ co to e linear projection
method. Secondly, a large number of non-circ dges&rw cluded by utilizing a
coarse detection that decides whether four on an e on the same circle or

not. Lastly, the circles are recognized hy deteé ccordlng to the geometrical
feature which two subarcs belonging t ircle h ve te same center and radius. The

experimental results demonstrate th alg ig' superior in speed, precision and
accuracy, comparing to the co I one%sp s Hough transform circle detection
and randomized circle dete rther can solve the issues from overlap of

objects and accurately identify th mult|[5 ular objects in the complex scenes as well.
The algorithmis concise and ro
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[1-3]. In addition idely used in automat testing, iris recognition products, intelligent

transportation an er fields, and is always a hot research issue in image processing and

machine v@i#.:(he classic circular Hough transform (CHT) converts the abstract circular

detection (inymage space into accumulation of three dimensional in parameter space, the

pe% r@sents the circle parameters. The disadvantages of the algorithm include needing
d

1. Introduc §'
Circle detection E% n important place in the field of optical precision measurements

emory, slow, low accuracy, so a lot of improved algorithms are put forward such

omized Hough transform (RHT) [4], fuzzy Hough transform (FHT) [5], point
Hough transform (PHT) [6], these algorithms overcome the disadvantages of CHT to a
certain extent, but they all are based on transformation processing space and voting
mechanism, the speed still can not meet the requirement of real-time processing, and the
error detection rate is high. Ayala-Ramirez et al. [7] propose the circle recognition method
based on genetic algorithm (GA), implement to identify multiple circles in natural images,
but it is poor for recognizing incomplete, obscured circles; Cuevas et al. [8] propose an
automatic learning (LA) recognition algorithm based on optimization model, although it
can identify multiple circles, but the automatic learning process requires a large number
of iterations, complex computation, slow processing, and the number of iterations has a
great influence on the results; Frosio et al. [9] propose an circle recognition algorithm
based on maximum likelihood, it can detect partial occlusion circles, but need the
information to predict radius, is poor general; Shang Fei et al. [10] propose an circle
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detection method based on right triangle inscribed, it converts the solution of the
parameter into triangular parameter calculation, avoids the repeated power and root
operation, and saves processing time, but is poor for partial occlusion circles detection;
Chen et al. [11] put forward a random circle detection algorithm (RCD), it random picks
up four points from the edge image, determines the candidate circle by the mechanism of
hypothesis test, recognize the true circles from the candidate circle round by collecting
evidence identification, the detection speed is faster than RHT [12] when the ratio of noise
points and effective points is less than 170%; Yu Dan et al. [13] reduce invalid
accumulation, improve efficiency by changing the taking point range of RCD; Chung et
al [14] add the gradient condition before determining the candidate circles, reduce the
error detection chance, and determine the detection results by statistical voting, improves
the detection accuracy, but neither the RCD nor the algorithms based on RCIQ are aII
randomly selected from the initial point, and completes recognition throu
accumulation, not only time-consuming, and the detection result is random %@Ie and
great error. %

In order to solve above problems, this article gives an.i vemen resolves
the partial occlusion. The algorithm is simple and ro alt an accurately
detect multiple circles in complex scenes.

2. Our Algorithm '%
e

The image is often interfered by the %9 proca% acqws ition, conversion and
transmission. It not only reduces the visual gffect; but also is not conducive to
recognize. In order to reduce the inf Gaussian filter is used to smooth
the loaded gray images. Then e e Cani'a ction operator to detect image edge,
and abtain the binary edge u&% ut in the ry edge image, the points are isolated
with each other, and need to fin contmua%dge points by edge tracking process. Edge
tracking [15] is the foundation work e segmentation, target recognition and other
operations. To meett e%tds of sub nt operations, we adopt corresponding tracking
algorithm to impro proce efficiency. The following tracking algorithm is good
, espe&@ inythe case of partial occlusion.

e image, the direction of the eight neighborhood code is shown in

ing process is shown in Figure 1 (b).

fa,;e not edge points which are not tracked in the binary image ,the tracking

, otherwise the found point Psis put as a starting edge point ,turn to 2);

2 above and on the left side of the starting point P; has been searched, we can

@ search the 0 ~ 3 four neighborhood, if there is no tracked target, the Py is the

olated point and deleted, turn to 1), otherwise the found point is put as the second
edge point and set to the current point, recorded as D; , (the search direction from
first to second, is one of the value of 0, 1, 2, 3), turn to 3;

3) Starting from the current point, search in clockwise order within the eight
neighborhood to the current search direction D, (from the last point to the current
point on the search direction) as the initial direction, the direction code (D, + k) is
MODS8, the MOD represents the modulus operation, k = 0, 1,... 7; the found first
point that is not to track as the next edge point, and at the same time all the points
which are not tracked in the other direction within the eight neighborhood of the
current point are deleted (the light color square represents the deleted point in
Figure 1 (b)), the operation is used to ensure the edge is single pixel, then put the
new found edge point as the current point, update D, turn to 3); If there does not
exist points which are not tracked within eight neighborhood of the current point,
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the tracked edge recorded as C,, turn to 4);

4) If Dy, is 2 or 3, then save C, to the edge chain table, turn to 1); Or judge Ps in
direction 3 to see if there is point that is not tracked, if there is (as shown in Figure 1
(b)), search in the same way along the direction 3, the edge is marked as C,, and
stored rewersely in the edge list, namely the finally got point as the starting point of
the whole edge, and then connect the C, to the end of the C,, combine an edge, turn
to 1);

The tracking process is over, and got all the edge curves

5 7 .
4 0 V
3 1
| &
(a) Direction Code (b) Trac

Figure 1. Direction Code in Eight-Neigh

‘A})c‘edure?
and W g Procedure

Under the partial occlusion condition, the es orﬂ% ifferent objects exist
intersection, if they are tracked as an ed ill aff ognition, so we need to

disconnect the edge at the |ntersect|on the edg the intersection have a great
change in the direction, which we can e lin ar ection [16] to detect these points.
The basic principle of linear prOJe eth % put the edge that contains only a
few pixels (4 pixels) as a stra us |ng tt% | chain code in the x direction and y
direction projection put the ht Ilne form of vector, using the vector dot

product formula to computegthe angle be ostralght lines.

Akinlar et al. [17] g' finiti er the condition that the premise is p, if the
angle is less tha the rection of the two straight lines is the same.
According to th| |t|on 8 (because the edge tracklng is based on the eight

nel_qhborhoo*/ e angle ¢ is less than 22.5 (0.1257 =22.5 ) the
0 str

direction of th nes is the same. In the experiments, in order to increase the
robustness, we set t Ue to 25 | if the € of one point is more than nearby (taken the
four points befo point and four points behind the point) average 25 , then it suggests
that the e direCtion has a great changes at that point, the both sides of the edge
certainly t belong to the same arc, then delete these point, make the edge off, to
improv: cclusion resistance of the algorithm.

2. Coarse Detection

The coarse detection principle is shown in Figure 2, determine the candidate circle by
making use whether four points of edge are on the same circle.

When three points fit a circle, the fitting accuracy not only associated with the accuracy
of fitting points, but also associated with the distribution of fitting points, and the high
fitting precision occurs when three points and uniformly distributed on the circular.
According to the conclusion and considering the edge may be closed, or points between at
the first and at the end of the edge are close to, take the points at the starting edge point, a
third and two-thirds, which are respectively pi, p,, ps in Figure 2. If the three points
collinear, the edge is not circle, abandon; or they are fit to a circle (the dotted circle in the
graph), the center is O, the radius is ro, and take the point about 1/2 of edge as the fourth
point p,, then calculate the distance to the center of the circle. When d+#r,, we can
determine that the edge is not circle, abandon; When d= r, determine the edge as a
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candidate circle, included two situations as in Figure 2 (a) and (b),but it also needs the
subsequent fine detection, circle recognition. The adaptive taken point way in the coarse
detection overcomes the randomness of RCD, and there's no need to take it over and over
again, little computation and effect is remarkable. If the edge is short, such as less than 20
pixels, then skip the coarse detection process, directly into the fine detection stage,
improve the ability of algorithm to identify small round.
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Figure 2. Principle of C %}
2.3 The Fine Detection Q

The theoretical basis of fine detectlon e two arc@a circle have the same circle
center and radius. As shown in Flgu summ%» edge curve M;M,is part segment,

the center point M of the arc div, d 1M and MM,, and respectively fit
through least square circle, gﬁ cle cent 1(xcl, Ye1) and O,(Xc2, Yeo) respectively,

and the radius R; and R, respe ely. o

@igure 3. Principle of Fine Detection
The poi ﬂr segment circle M;M have the equation:
(X7Xc1)2+(y7yc1)2 = Rczl (1)

@ get the equation(2) from equation(1):

x+y + Ax+By+C =0 (2)

2

Where A= 72Xcl‘ B = 72yc1'c = Xczl + yc21 - R,
The A, Band C as the independent variable to establish function:

F(A,B.C)=Y (x +y +Ax +By +C)’ 3

According to the principle of least squares fitting, in order to make F the minimum
value, the partial derivatives of three independent variables, and set the partial derivatives
to 0, get the equations, get the values A, B and C for the solutions of equations, and then
have:
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i 2 2

2 4

In the same way, the (X, Yc2) and R, are obtained. Ideally, if the arcs M;M and MM,
are on the same circle, two groups of circle parameters should be accurately equal. But
there are some errors in digital image processing, the center point and radius should be
approximately equal respectively, the degree of approximately equal record‘@.P

(Precision): \
2 \/(Xc1_xc2)2+(yc1_yc ’
R +R - \4% +R @
c1 c2 c c2 (5)

The first factor reflects the relationship of radi @fadiu \%)s (0.1] , the closer
radius values are, the closer the factor value is hereasNis t0 0; The second factor

reflects the relationship between the center of the C|rcles nam e position relationship
between two circles. The position relationshi |r les in the plane including

is from the outside, circumscribed, mtersg cut insi cIu5|0n and overlap. When it
is from the outside, Rez the second factor is

(e, 0] ‘When it is n%sectlo gﬁ inside, embedded and overlap,

R =

-R

cl

P=(1-

\/( oK) 0 ) @R +R”’\&second factor is (1, and the closer the

coincidence s, thé\@ value se to 1. So the discriminant interval |s[k1’1],
e

s n this @@ P is in discriminant interval, then do the least square

circle fitting N po@ the edge of the whole article, get the center (%o, ¥o) , the
radius Re . Calculate% lative standard deviation:

@ X; 0 y—y
N R

@Q the equation (7) it is a circle (k2 is less than 1, this paper takes 0.1):
o <k,R, @)

We should restructure the circles got, arc may be broken into multiple, fitted to
multiple circles due to block or noise in the process of edge tracking. So we calculate the
radius and center of the circle which meet the above conditions, according to the equation
(5), then integrate the edges which are fell in the discriminant interval, and fit into a
circle.
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3. Experiments

The experiments are performed on a 3.40GH CPU with 2G RAM using VC++6.0.In
the algorithm, we get the images as shown in Figure 4, (a) the original image, size of
379%240. (b) the results of the Canny detection. (c)the tracked edges in this article , the
edges whose length is less than 6 pixels without saving in the process of tracking because
of a circle at least consists of six pixels, edges are refined compared with the results of

(b), especially are more apparent in 45 and 135 . The Figures (d), (e) verify the effect
of separating partial occlusion edges using the algorithm in this paper. (f) the edges of
coarse detection, most of the edges are filtered after coarse detection, reduces the
computational complexity in the later. (g) the identified results of this paper, detected 4
circles, two big partial occlusion circles and two letters O. V.

m{
o
O
<
@)
o))
>
5
<

(a) Original Image 'Q(b; Result D

S A
N
oS

etail of the Result Detected by Canny

(e) Detail of the R racked by Our Method (f) Edges after Coarse Detection (Q)
Result Recognized by Our Method

\17 igure 4. Processing Procedure of Our Method

The &it ion accuracy comparison experiment by using synthetic image is shown in
Fi =(a) Synthetic image, including 9 circles with known circle centers and radius, in
or 0 contrast the recognition accuracy, the numbers in the Figures are the circles’
number. (b) the recognition results of RHT algorithm in ref. [4], recognize five circles,
numbers are 2, 4-7. (c) the recognition results of RCD algorithm in the ref. [11], recognize
five circles, number are 2-7. The two algorithms both can not recognize small circles of
numbers 1, 8, 9. Due to the randomness of RHT, RCD, we separately experiment many
times with the two algorithms, and give the good recognition results in the paper. (d) the
recognition result of our algorithm, accurately recognize the all circles.
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(b) Result Obtained by RHT
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(c) Result Obtained by RCD (d) Result .by @) od
Figure 5. Comparisoré |S|on\)

The actual values of parameters of each=circle and th tected values of each
algorithm are listed in Table 1, "-" reprgse ing to |(%lfy The data shows that our
algorithm has higher recognition accura%

Table 1. Actual Paramete‘s @%Ies \&Jes Detected by Algorithms

No.  Actual values % C‘ RCD Our method
(5050) 5 - v - (50,50) 5.150679
(100,50) 10 . ,&6) 10.2@ (10248) 11267319  (10050) 10.118223
17050) 20N\, . (16853) 21568113  (17050) 20.351082
(2708 (270,@&0%9255 (27081) 31056372  (270,80) 30.177760

) 52.062485 - (449,140) 50.261209

(130,220) 60

1
2
3
4
5 (450,
6
7
8
9

10) 67.281189
(370,330) 70 70,330) 71.246216

Qo
ot

(133,220) 62.382216
(375,328) 72.930857

(130,220) 60.252412
(370,330) 70.165506
(89,400) 4.058953
(150,429) 6.187335

@ ult of circle detection performance comparison experiment using the natural
n%z shown in Figure 6, the contrast algorithm are respectively CHT and PHT in
literatGre [6]. In imagel, our algorithm detected 39 circles, only failed to detect two defect
circles on the right side. The Image2 and Image3 all contain multiple circles and occur
partial occlusion, this algorithm accurately detect all circles. The other two algorithms for
three images are very serious in inspection and leak by mistake. This experiment shows
that this algorithm has strong ability to recognize ability in complex scene, especially
under the partial occlusion.
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(b) Results of CHT

re 6. Multiple Circles Detection

\_ E @) (@) Results of Our Method

The time of cﬁ@detection part using three algorithms is listed in Table 2, time unit is
millisecon ). Because do not need to accumulate and vote, simple operation, this

algorithm{s #nie is significantly less than the other two algorithms.

@qwle 2. Comparison of Time Spending on Circles Detection

Image(widthxheight) CHT PHT Our method
Imagel1(350%240) 139 45 8
Image2(800x600) 172 51 10
Image3(800x600) 178 50 1
Copyright © 2016 SERSC
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4. Conclusion

The paper proposes a multi-circle detection algorithm that is robust to partial occlusion,
can recognize circles fast and accurately in complex scenes. The algorithm get single
pixel edge by tracking based on the detection results of Canny, separate edges of the
partial occlusion object using linear projection method, improves the recognition accuracy
under the condition; the circle detection consists of coarse detection and fine detection,
the operation is simple, fast, accurate and high precision. The algorithm is based on the
results of Canny, but the Canny detection is time-consuming, if we can improve the edge
detection speed, and get the continuous edges at the same time when detecting edge, can
further increase the processing speed, and this is the next step that we shall research in the

future. V
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