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Abstract- In this paper, we proposed an intelligent circular target recognition method combining with HSV and 
circle detection algorithm. Standard Circular Hough Transform(CHT)has a long computation time and there are 
situations where the recognition performance of CHT is not satisfactory. To reduce the computation time,circle 
detection algorithm that combinesCHT with HSV preprocessing is introduced.Furthermore, to improve the 
performance of circle recognition,a new algorithm combining HSV with circle fitting is introduced. In this case, 
we show how to suppress noise to improve recognition accuracy. The simulation shows that the proposed 
algorithm has lower computation time than standard CHT and higher recognition rate. 
 
Index terms- HSV, Intelligent Circle detection, Hough Transform, Circle fitting. 
 
I. INTRODUCTION 
 
Circular target recognition is becoming an important 
issue in computer vision and pattern recognition. In 
an autonomous vehicle,it is necessary to recognize a 
circular target in order to obtain information on a 
circular target such as a traffic light or warning. The 
majority of circular target recognition algorithms are 
based on Circular Hough Transform (CHT).The 
standard CHT algorithm requires a large amount of 
memory and has a long computation time. In addition, 
the algorithm has a structure in which the calculation 
time is longer when there is no prior information on 
the radius of the circular target. Since the radius of 
the target varies depending on the camera’s position, 
arrangement, and angle, the radius must be 
continuously estimated to improve the recognition 
performance. 
 One method for segmenting an object in an 
image is to use color features. There are various color 
spaces representing colors, such as RGB, CMY, YIQ, 
and HSV. Among them, the HSV color space is a 
user-oriented color expression method, and uses an 
intuitive hue, contrast, and tone seen by humans when 
expressing colors. Also, it is resistant to color 
distortion compared with RGB. Based on these 
features, HSV can be used to separate backgrounds 
and objects.  
  In this paper, we present a method to 
recognize circular targets by combining 
preprocessing in HSV space with circular recognition. 
In order to reduce the computation time of standard 
CHT, in II, a circular recognition algorithm 
combining the target HSV extraction process and 
CHT is executed. In the situation when it is hard to 
recognize with CHT, a new algorithm that combines 
HSV, CHT and circle fitting is introduced in III. In 
addition, to make the algorithm robust to noise, we 
introduce noise suppression process. 

II. TARGET RECOGNITION USING HSV AND 
CHT 
 
CHT, one of the feature extraction techniques in 
image processing, can extract a circle on the 
image.The principle of the CHT algorithm is as 
follows. When the general equation of the circle is 
given as 
 
(x − a) + (y − b) = r (1) 
(a, b) is the center of the circle, and r is the radius of 
the circle. The pixel (x, y) corresponding to the edge 
of the image is calculated with arbitrary value using 
equation (1). The calculated value can be expressed 
in one point of the three-dimensional parameter space 
with a, b, r axis. Byaccumulating the calculated 
values,we can create a three-dimensional accumulator 
space with the same axis as the parameter space. 
 
This process is called voting procedure. The 
accumulator space can be represented by histogram, 
and as the voting procedureincreases the number of 
points in three-dimensional space, the more it 
accumulates the more white it appears in histogram. 
Since the (a, b, r) of the circles existing in the image 
areaccumulated in the parameter space, it is possible 
to detect circles by thresholding the degree of 
whiteness in the accumulator space. The center and 
radius of the circle are the values overthreshold. 
 
The target and the background can be separated on 
the image by using color extraction as there is 
difference between the specific color of the target and 
the background color. When a circular target is 
detected through color extraction, there are maximum 
and minimum pixel values in the region where the 
target exists and by using this value, we can estimate 
the diameter of the circle. The overall process is as 
follows. 
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Figure 1:Circle Detection Using HSV Space and CHT 

 
First, the image of the target is converted into the 
HSV space. In the HSV color space, the values of H, 
S, and V of the target are identified, and the HSV 
threshold is determined so that only the target is 
extracted. After thresholding, the value of the 
detected pixels (x, y) is obtained. Using 
x , x , y ,y  four values, we can extract the 
region which includes the target and estimate the 
radius value. The circular target is recognized in the 
extracted region using CHT with the estimated radius. 
 
A. Target extraction by HSV color 
extraction 
Theimage of the target is are converted from RGB to 
HSV space. Since the target has distinguishing color 
from background, it can be segmented by using HSV 
value. 
If H < (x, y) < H ,         (2) 
and S < (x, y) < S , (3) 
and V < (x, y) < V , (4) 
do I(x, y) = 1, else I(x, y) = 0 (5) 
 
The pixel within the threshold's range, that is, the 
corresponding target pixel represents the value 1. 
This process creates a binary image B. We can extract 
the region where target exists using pixel values that 
satisfies B(x, y) = 1. By using four values x , x , 
y and y , the estimated target region is given as 
Figure.2 (a). 
 
B. Estimation of the radius value 
It is possible to estimate the diameter R of the target 
as x − x , y − y .Theestimated value of 
the radius can be obtained by dividing the two values 
by two and make average. The radius is estimated as 
follows. 
 
R = (6) 

 
(a) Extraction of target region 

 
(b) Estimation of the radius value 
 
Figure 2:Estimation of target region and radius value. 
(a) Extraction of target region, (b) Estimation of 
radius value 
 
C. CHT 
Calculate the accumulator space with the estimated 
radius R. within the region where the target exists. 
 
III. TARGETRECOGNITION COMBINING 
HSV, CHT AND CIRCLE FITTING 
 
The color space is a space in which the color 
indicator is expressed in three dimensions. There are 
various color spaces such as RGB, HSV, CIE, and 
CMYK. 
The HSV space is a color space that expresses more 
consistently the viewpoint of human color compared 
with R. The model of the space is a cylindrical or 
inverted conical shape and specifies a color using 
three independent values of hue, saturation, and 
brightness. 
 
The color values (hue) are located in the direction of 
the horizontal section and are expressed in degrees. 
The color changes from red, yellow, green, cyan, blue, 
and magenta in counterclockwise direction. The 
saturation corresponds to the radius and has a 
magnitude of 0-1. It has a value of 0 on the axis and 
gets close to value 1 toward the surface of the 
cylinder. The brightness corresponds to the height, 
and the color becomes brighter as it goes up. 
 
In the previous section, the target was detected 
through CHT. However, if the target is distorted 
according to the angle of the camera or a pattern 
exists on the target, it may not be possible to 
recognize the target by the CHT because the edge 
detection result of the CHT is far from the shape of 
the circle. In this case, the target and the pattern are 
extracted by the color detection, and the target is 
recognized through the circle fitting which forms the 
circle based on the extracted pixels. 
 
We will exemplify a target with a pattern of LED 
lines of a specific color on a ring to match the 
experimental environment. The overall flow of the 
algorithm is as follows. 
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Figure 3:TargetRecognition Combining HSV, CHT and Circle 

Fitting 
 
The detected pixels after color extraction may include 
noise in addition to the target pixels. In the case 
where there ismuch noise, the noise is reduced 
through the suppression, and the circle is detectedby 
circle fitting. A detailed description of noise 
suppression follows. 
 
A. Obtaining the HSV value of the target 
The color space used for color extraction should be a 
space that effectively separatesthe targetand the 
background. In this experiment, we used the HSV 
space, which can separate the targetmore effectively 
than the RGB space and detect less noise. 
Thresholding is the same as inII.A pixel above the 
threshold, that is, a pixel corresponding to the target 
pattern, corresponds to 1, otherwise 0. 
 
B. Noise Suppression 
The image after the target extraction process is a 
binary image B with values of 0 and 1. A pixel 
having a value of 1 is a pixel corresponding to a 
targetor a noise. Image does not need to go through 
noise suppression if the object and background are 
well separated without noise, but when the noise is 
included too much, it can act as an outlier, resulting 
in inaccurate recognition of the circle. In this case, 
preprocessing is performed to suppress the noise 
before executing the circle fitting. Experimentally, 
the pixels forming the target appear in a single line 
shape with horizontal, vertical, and diagonal 
directions as shown in Figure.4. On the other hand, 
the noise has no directionality. Another difference 
between the target and noise is the result after 
covering the 3 * 3 mask which is presented later. By 
thresholding the difference between the directionality 
and the mask value, the noise can be suppressed. 
In the binary image, a 3 * 3 mask is applied to pixels 
having a value of 1. The mask is in matrix form and 
elements are all 1. The pixel is located at the center of 
the matrix. The masking method is the same as the 
convolution of the matrix. When a 3 * 3 mask is 
placed, threshold values range from 0 to 9. With 
thresholdingand identifying directionality at the same 

time, it can distinguish between noise and non-noise. 
The resulting value of the mask is given by: 
∑ ∑ A(a, b)B(i − 2 + a, j− 2 + b)(7) 
The process of masking the image can be represented 
as Figure.4 
 

 
Figure 4: The process of the mask applyingon the image 

 
The directional pixels in the circle are shown in Fig 5. 
 

 
Figure 5:Pixels according to the circle has directionality 

 
After covering the mask and using directionality, 
pixels regarded as noise are suppressed. 
 
C. Circle fitting 
After preprocessing of color extraction and 
suppression, we execute circle fitting. Circle fitting 
methods which are robust to outliers are 
recommended. 
 
IV. SIMULATIONS AND EXPERIMENTAL 
RESULTS 
 
A. Theresult of target recognition using HSV 
and CHT. 
The experiment was carried out in green colored 
background with white target, white target with a 
black circumference, andtarget made of black circles 
respectively. 

 
Figure 6: Experimental results using HSV and CHT 
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(a)original, (b)result 
 
Figure.6 shows the resultof HSV and CHT combining 
algorithm using original 1, 2, and 3. 
 

 
Figure 7: Computation time comparison between CHT and 

proposed algorithm 
 
In Figure.7, we can confirm that the computation time 
of standard CHT is reduced when using proposed 
algorithm. Computation time was calculated using 
average of samples that was collected from the 
experimental environment. 
 
(a) Target recognition using HSV and circle 
fitting 
 The experiment was carried out by wrapping 
the LED wire on the ring. 

 

 
Figure 8: Experimental results using HSV and Landau fitting 
(a) Original, (b) Noise suppression, (c) Experimental results 

 
Figure.8 is the detection of original 1, 2, and 3 in (a) 
with HSV combining circle fitting. Compared to 
CHT, whichfailed to detect circle or detected for long 
computation time, this algorithm shows that 
recognition performance is improved. 

 
Figure.9 shows the comparison of suppression and 
non-suppression. 

 
Figure 9: Comparison of Suppression and Non-Suppression 

Left suppression, right non-suppression 
 
In Fig. 9, the result of target recognition is more 
accurate when suppressed than non-suppressed.  
 
CONCLUSION 
 
In this paper, we introduced intelligent circle 
detection algorithm which has lower computation 
time and higher recognition rate. First, circle 
detectionalgorithm using HSV and CHT is 
introduced. In the situation where the position of the 
camera changes, it is possible to reduce the 
computation time by knowing where the target exists 
in an image and the radius value in advance by using 
the color extraction. Second, if it is hard to detect 
with CHT, the recognition performance of the target 
is complemented by combining color extraction and 
circle fitting. In this case, the noise is intelligently 
suppressed and the accuracy of the circle recognition 
isimproved. 
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