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1. Introduction 

Face detection is first step in face recognition process [1]. Some researchers classifying face 
detection into two categories, detection based on model (whole face) and detection based on feature 
(eyes, nose, lips, etc) [2]. The purpose of face detection is to recognize one or many faces in an image 
regardless of dimensions, orientation or lighting conditions [3]. Face detection becomes more 
difficult to detect when the detected image has noise, is unclear or there is a barrier on the face [4].  

Research about face detection has been carried out with various methods. Some of them uses HSV 
color space to detect faces by distinguishing between areas of skin-color [5]. This study chose HSV 
because this method is fast and in accordance with the perception of human skin. The research on 
face detection with Principal Component Analysis (PCA) and AdaBoost have a success rate of 91.7% 
[6]. Furthermore, there is a study on face detection based on the skin-color and AdaBoost method 
with 93.2% accuracy rate done by [7]. However, these three studies still have not detected faces right 
in the face area, so that the value taken is not the overall face size.  

Based on the research that has been done on face detection, there are several factors that must be 
considered in face detection, namely maximizing the facial area and changing position dynamically 
towards the facial area. Many pixels are in a rectangle that is not part of the face area, especially in 
the four corners of the image. So, in this research face detection is not use shapes of a rectangle, but 
using an elliptical shape with a dynamically diameter to the face region. Moreover, face detection 
also handles changes in the slope of the face area with various rotation angles. 
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library as ground truth. 

    

 

 

Keywords 

Face detection  

Randomized Hough Transform 

Image segmentation  

Ellipse 

 



8  Sriwijaya Journal of Informatic and Applications ISSN ????-???? 

 Vol. 01, No. 01, August 2020, pp. 07-13 

 

 Fachrurrozi et.al (Face Detection Using Randomized Hough Transform with Various Ellipses Segmentations) 

2. Related work 

Face detection using Principal Component Analysis (PCA) and SCM (Skin Color Modelling) has 
an accuracy rate of up to 98,7% [2]. However, in this research there were weaknesses that is face 
detection cannot rotate automatically because the threshold values are taken cumulatively. The 
previous research is conducted based on eye features using the template matching method, skin-color 
information [1]. The success of this method is proven by being able to detect faces of different races 
and different lighting conditions. However, this method cannot rotate more than 45º and cannot detect 
faces on small scale because it fails to recognize eye features. Both studies show that there are still 
weaknesses in face detection in the rotation factor. 

An ellipse is also used for face detection because in general human faces are elliptical, so detection 
is right on the face area [8]. There is a research that discusses about ellipse detection in images using 
Randomized Hough Transform (RHT) [9]. This study states that RHT has a high degree of accuracy 
on many elliptical images (without noise) and noisy images compared to Standard Hough Transform 
and Probabilistic Hough Transform. The evaluates about the Hough Transform (HT) methods saying 
that the RHT can detect images with various resolutions and has a high degree of accuracy [10]. The 
research also mentions RHT faster and saves memory than other Hough Transform methods. 

3. Face detection 

a. Image Preprocessing 

Image preprocessing is done to change the input image which is an RGB (Red, Green, Blue) color 
image into binary image. The purpose of image preprocessing is to simplify the next process by 
separating unnecessary information. In this research four steps of image preprocessing were carried 
out to obtain the following face areas, 

1. Color segmentation: separating facial information through skin-color by taking the following 
RGB values, 

𝑐𝑜𝑙𝑜𝑟𝑆𝑒𝑔𝑚𝑒𝑛𝑡𝑎𝑡𝑖𝑜𝑛(𝑥, 𝑦) = {0   𝑒𝑙𝑠𝑒

1   𝑖𝑓((𝑦=(0.5∗(𝑟−𝑔))>13.4224) & ((
𝑟

𝑔
)<1.7602)

  (1) 

2. Change RGB images into grayscale images, 

𝐾 =
𝑅+𝐺+𝐵

3
      (2) 

3. Performing edge detection using Sobel operators, edge calculation is calculated based on the 
magnitude of the gradient pixel (x,y) , 

𝑀𝐺(𝑥, 𝑦) = √𝐺𝑥
2 + 𝐺𝑦

2     (3) 

4. Changing the image into binary image using thresholding to convert the grayscale image into 
a binary image. In this study the threshold values used are 90, 100, 110, 120 and 130. 

b. Face detection using Randomized Hough Transform method 

Randomized Hough Transform is the method introduced by [11]. RHT selects n-tuples randomly 
form images of collect points in the parameter space and calculate the parameters of objects through 
pixels. This is useful if objects are defined as linear functions, but RHT cannot be directly used for 
curve parameters which are expressed as non-linear functions. 

General equations for determining ellipses: 

𝑎(𝑥 − 𝑝)2 + 2𝑏(𝑥 − 𝑝)(𝑦 − 𝑞) + 𝑐(𝑦 − 𝑞)2 = 1   (4) 

with limitations 𝑎𝑐 − 𝑏2 > 0. 

RHT determines ellipse by three pixels (ex. 𝑥1, 𝑥2, 𝑥3) randomly from images and get the tangent 
estimates for each pixel. This is done by defining the neighborhood around the pixel and drawing the 
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appropriate line around the pixel using the least square method. Then, find the location of the ellipse 
center by two pixels (first 𝑥1 and 𝑥2, second 𝑥2 and 𝑥3) to determine the midpoint m and the 
intersection of tangents t. The elliptical center will be located on the line 𝑡𝑚̅̅ ̅̅ .  

 

 

Fig. 1.  Estimated midpoint of the ellipse (o) (McLaughlin, 1997) 

Afterward, translate the ellipse to be centered to the starting point, so that (4) can be simplified to 
become: 

𝑎𝑥2 + 2𝑏𝑥𝑦 + 𝑐𝑦2 = 0     (5) 

if it meets inequality, 

𝑎𝑐 − 𝑏2 > 0      (6) 

then the ellipse is represented. Otherwise, if the three pixels do not meet the inequality above, the 
ellipse fails to be represented. That is, these parameters will be discarded and re-choose three new 
pixels. This shows that the RHT only requires three pixels randomly selected to determine the ellipse 
and the additional information needed is contained in the tangent estimates.  

This stages of the Randomized Hough Transform (RHT) process in this study can be seen as 
follows, 

1. To search for points randomly in a list that is in range, 

(𝑃𝑜𝑖𝑛𝑡 > 𝑚𝑖𝑛𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒 & 𝑃𝑜𝑖𝑛𝑡 < 𝑚𝑎𝑥𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒) 

2. traight line calculation from the neighbor uses the least square method, 

3. calculation of intersection, 

- (|𝑥1 − 𝑥2| ≥ |𝑦1 − 𝑦2|), look for the values 𝑦1 and 𝑦2 throughout 𝑋𝑡𝑒𝑟𝑘𝑒𝑐𝑖𝑙 
until 𝑋𝑡𝑒𝑟𝑏𝑒𝑠𝑎𝑟, with result (𝑥1, 𝑦1) = (𝑥2, 𝑦2) 

- (|𝑥1 − 𝑥2| < |𝑦1 − 𝑦2|), look for the values 𝑥1 and 𝑥2 throughout 𝑌𝑡𝑒𝑟𝑘𝑒𝑐𝑖𝑙 
until 𝑌𝑡𝑒𝑟𝑏𝑒𝑠𝑎𝑟, with result (𝑥1, 𝑦1) = (𝑥2, 𝑦2), 

4. describing a line using the Brasenham algorithm, a line form two points is then set as 
neighbor form the midpoint of this line, 

5. the same process is done with the process number 2, 

6. equation (5) is changed into the matrix as follows, 

|𝐴| = |

𝑥12 + 𝑥1𝑦1 + 𝑦12

𝑥22 + 𝑥2𝑦2 + 𝑦22

𝑥32 + 𝑥3𝑦3 + 𝑦32

| , |𝐵| = |
𝐴
𝐵
𝐶

|    (7) 

𝒙𝟏 

𝒙𝟐 

𝒙𝟑 

o 

𝑡𝑚̅̅ ̅̅  
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|
𝐴
𝐵
𝐶

| = |𝐴|−1 × |𝐵|     (8) 

7. ellipse will be accepted if, (4𝐴𝐶 − 𝐵2 > 0), 
8. ellipse represented. 

4. Result and Discussion 

The data used in this research are single face data. The data used are as many as 50 image files 
with format .jpg or .jpeg measuring 500 x 500 pixels. The test is carried out the same time as many 
as 50 single face image files with five thresholds. Testing is done by calculating the distance between 
the midpoint of the ellipse in the RHT method and the midpoint of the circle on the OpenCV method. 
This is done to find out how far the accuracy of the RHT method is. The distance will be rated at the 
following intervals,  

- Score 5 with intervals of 0 – 100 pixels, 

- Score 4 with intervals of 100 – 200 pixels, 

- Score 3 with intervals of 200 – 300 pixels, 

- Score 2 with intervals of 300 – 400 pixels, 

- Score 1 with intervals of 400 pixels, 

- Score 0 for faces not detected by the RHT method, 

a score of 5 indicates that the face was detected by the RHT method or detected by two methods, 
one of the methods taken from OpenCV. While the score 4 – 1 indicates that one of the methods in 
the software successfully detects faces. The result of this test can be seen in Table IV.1 and Graph 
IV.1, while examples of the calculation of the level of accuracy can be seen in Table IV.2. 

 

Table 1. Accuracy Rate 

Threshold 90 100 110 120 130 

Accuracy 

Rate 
72.8% 74.4% 67.6% 58.8% 52.4% 
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Fig. 2. Result of The RHT Method Testing 

 

Table 2. Example of Calculation of Accuracy Rates 

Threshold Image Result 
RHT OpenCV 

Distance Score 
x y x y 

90 

 

211 153 198 146 14.8 5 

100 

 

243 141 248 172 31.4 5 
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Threshold Image Result 
RHT OpenCV 

Distance Score 
x y x y 

90 

 

211 153 198 146 14.8 5 

 

5. Conclusion 

This research successfully implemented and developed face detection software using variations 
in segmentation and Randomized Hough Transform. This study managed to get the accuracy of the 
method applied at 72.8% with a threshold value of 90, 74.4% with a threshold value of 100, 67,6% 
with a threshold value of 110, 58.8% with a threshold value of 120 and 52.4% with a threshold value 
of 130.  
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