Decrease the Dimension of Detecting Circles and Ellipses with Hough Transform
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ABSTRACT

Hough transform is often used to detect circles and
ellipses. Many kinds of shapes could be detected only if
equations could be offered. But as the number of
unknown variables increases in our equations, it takes
more time to detect. For example,

(x—a)?+(y—b)? =r? is used to detect circles, and its
dimensions are three. Equation

(xxcod@)—yxsin(@)+ xy)? /a2

+(xxsin(@)+ yxcod@)+y,)?/b? =1 is used for
solving ellipses’ cases, and its dimensions are five. As
the dimensions increase, the complexity of our program
will also increase. Detecting shapes became inefficient
because of the curse of dimensionality. In this paper, we
try to decrease dimensions of detecting circles and
ellipses with Hough transform.

1. INTRODUCTION

Hough transform offers a good way to recognize shapes
even if abundant information about the objects were not
given to us. With the feature, we can detect circles, lines,
and even ellipses by using transformation models and
complete detection through voting procedure.
Unfortunately, the unknown variables are more than
three and even five in the case of the circle’s radius or
the ellipse’s axes are uncertain. The algorithms will be
too complex to be used in real-time detecting system
with the growth of unknown variables. An idea is
assumed here to decrease the dimension of detecting
uncertain radius, semi-major axis and rotation angles for
the circle and the ellipse.

2. BACKGROUND

In the case of detecting uncertain circles, we use the
equation (x—a)2 + (y—b)? =r2. After transformation, it
becomes the voting procedure of three variables: a, b,

and r. The complexity will be O(n®). When it refers to
the case of ellipses, the equation is

(xxcod@)—yxsin(0)+x,)? /a?
+(xxsin(@)+ yxcod@)+y,)?/b? =1 . After
transformation, variables increase to five: x,, Y, &, b,

and 8 . Moreover, complexity will be O(n®). A way
will be found to decrease the complexity of algorithms
based on Hough transform which can help us to detect
circles and ellipses in some uncertain situation and
rotation angles. The most difficult of this report is
decreasing dimension of the algorithm. In order to
accomplish the goal, we have to decide an approaching
estimate with the concept of connected components to

make estimate trend accurate.
3. PREPROCESSING BEFORE DETECTING

We will detect unknown radius circles with Hough
transform. The goal of our experiment is to use less time
than original Hough transform. Before detection, the
first step is to do the edge detection. Now we use a
picture of two coins [3] as an example:

Fig. 1 Original coin picture.

After edge detection:



Fig. 2 After edge detection.

Dilation will be the next step to deal with the picture
after edge detection which can fill the broken segment in
to offer better information.

Fig. 3 After dilation.

Using cvcontour( ) or blob( ) to find the connected
component:

Fig. 4 After finding connected component.

Then we can use the width and height of the components
to speculate the radius of every circle.

4. ORIGINAL VS. DECREASING DIMENSION
FOR DETECTING CIRCLES

Pictures of two formats are offered to detect circle:

Size 1: 750*550 pixels

Size 2: 320*256 pixels

The patterns are the same in the two pictures which are
shown as follows:

o,
AV

Fig. 5 Patterns in the pictures.

Original Hough transform: It is necessary to input the
range of possible radius. We give it a range from 10 to
the max(size of image.width, size of image.height) /2.
After decreasing dimension: We will save every
connected component and extract the width and height
information. It is used to judge if it is possible a circle
and the radius is half of the length. The speed of
comparison is shown in Table 1:

Table 1 The comparison of before and after decreasing
dimension.

Original Hough transform

Size 1 376328 ms

Size 2

20875 ms

Detecting result
(using size 1)

After decreasing dimension

Size 1 421 ms

Size 2 93 ms

Detecting result
(using size 1)

When using Hough transform to detect circle, the
parameter about the number of voting can increase the
accuracy. In other words, Hough transform judges if it is
a circle by the number of voting which can be given by
us. For example, if we set it to be 10, then every pixel its
voting number must be larger than 10 will be regarded
as circles. Because of using the method of connected
component, the parameter could be adjusted by the
length of component. With this method, the small size
component will not be ignored. In our experiment, it is
set as 1.5* square component length. The heart pattern
shows in Fig. 5 could be detected correctly if we change
the parameter as the scale we referred before.

Fig. 6 More accurate result
after adjusting.



5. DETECTING ELLIPSES WITH DECREASED
DIMENSION METHOD

Now it is tried detecting ellipses using Hough transform.
The method is similar to before, and the steps are: edge
detection, dilation, finding connected components. Then
if the width and height of the contour are different, the
shorter one will be chosen as the new square. The new

square is the resize contour comes from original contour.

Fig. 7 Resize rectangle contour with
shorter edge.

Detecting un-rotated ellipses are easier than rotated ones
because we can use the width and height of the un-
rotated ellipse’s blob as the semi-major axis and semi-
minor axis which can not be known for the rotated
ellipses. Let us start with the un-rotated cases:

Pictures of two formats are offered as before to detect
un-rotated ellipses:

Size 1: 750*550 pixels

Size 2: 320*256 pixels

The patterns are the same in the two pictures shown

below:

Fig. 8 Patterns for detecting ellipses
(Ellipses in the picture are un-rotated).

As shown before, it takes much more time to detect
circles on original Hough transform than the other
because of dimensions. In the case of ellipses,
dimensions will increase to four or more. The speed
could be estimated to be much slower than improved
one according to the data we measured before. Using the
method of resize, rectangle contours become square
ones, and ellipses will be circles for Hough transform.
The parameter about the number of voting is adjusted to
be 2* square component width for getting accuracy
result. The detecting results of two sizes are shown in
Table 2:

Table 2 The result of detecting circles and un-rotated

ellipses.
Size 1
§ ,\
Detecting L\. -
Result N/
— _
Time 1984 ms
Size 2
Detecting Q
Result /
A
Time 906 ms

We will try to detect rotated ellipses with the method we
used to detect circles and un-rotated ellipses. If the blob
is judged not to be circles or ellipses, we will calculate
the center of this blob. Then, the blob is searched by
column to find the highest point its pixel is not null of
every column. To find the farthest distance from center
of the blob to the highest point in every column of the
object and the fraction of

xvalue of the point - xvalue of the center| and the

farthest distance is cos(0). With the value of cos(0), the
angle of rotation could be speculated. The location of
the farthest point and the center point could be the
information for rotation with clockwise or
counterclockwise.



The point with the farthest
distance from center point

Center point of the
blob

Fig.9 The relation between center
point, farthest point from the center
point, and rotating angle® .

The result of detecting rotated ellipses using the method
we referred before is shown as follows:

Table 3 The result of detecting circles and ellipses.

Size 750*550 pixels

Original picture

Time 3437.5ms

Result -

We can find circles, un-rotated ellipses, and rotated
ellipses in the picture shown in Table 3. Rotated ellipses
are drawn as un-rotated ellipses and it takes 3437 ms.
Using the original Hough transform referred in Table 1
which can only detect circles to detect the same picture
shown in Table 3, it takes 368296 ms. A lot of time is
saved obviously.

6. CONCLUSION

We used edge detection, dilation, connected components
to decrease dimension of detecting circles and ellipses
for Hough transform. The speed of detecting circles and
ellipses could be improved, especially for eclipses’
cases. It is shown above that with this method, we can
detect circles 200-800 times faster than original Hough
transform for uncertain radius cases. The dimensions for
detecting ellipses are five which must take much more
time than the method we used in the Table 3. If we
compare the cases for ellipses of decreased dimensions
with the ones for circles without decreased dimensions,
cases of detecting ellipses are about 107 times faster
than cases without decreased dimensions. The time we
save will be more obvious as the image size grows. The
result provides us with a possible way to decrease
dimensions when using Hough transform.
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