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ABSTRACT 

In this paper a method is proposed that is meant to solve one of the subtasks of facial recognition. One of the main 
problems in facial recognition is trying to recognize a face from different angles, with an insufficient training set.  
To solve this problem it is necessary to adapt an existing three-dimensional model of the head based on two facial images 

(full face and profile).  
In this paper a semi-automatic method is proposed, that is based on modified Viola-Jones algorithm. The proposed 
method is used to process existing images of a person, extract the face region and main facial features from images  
(eyes, nose and mouth) and semi-automatically place control points on two facial images that will be later used in 
adapting an existing three-dimensional model of the face. The constructed model allows increasing the training set and 
acquiring additional information about the shape of the face. 
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1. INTRODUCTION 

Many papers are dedicated to the task of constructing a three-dimensional model of a face because it is 

currently in great demand for visualizing three-dimensional objects, in recognition systems and in controlling 

access. There are many algorithms that create a three-dimensional model of a face (Kakadiaris, 2007), 

(Park, 2006) etc. In these cases the task was to construct the polygonal model based on several images. 
However, many methods use control points that are manually placed on the image, in order to deform the 

polygonal mesh of the model. This approach significantly slows down the process of constructing a  

three-dimensional model of the head. There are also many methods of searching for control points on the 

images of faces (Pentland, Moghaddam, 1994), (Shi, Samal, 2006) etc. Unfortunately searching for control 

points depends on many factors, like face variability between individuals, but also due to extrinsic factors 

such as partial occlusion, illumination, expression, pose and camera resolution 

The main goal of this paper is to create a semi-automatic algorithm of searching for control points that 

will be later used to adapting an existing three-dimensional model, where the operator can edit the placement 

of control points, if necessary. To find the control points it was necessary to locate the main facial features 

(eyes, nose and mouth) on two images. The proposed method consists of several steps and a different 

approach is used for each type of the image (full face, profile) 

2. PROPOSED METHODS 

The proposed methods allow selecting control points on the full face and profile images that will be later 

used to create a 3D model of the face. Due to the turn angle of the face being very different, two separate 

approaches are proposed for searching for the control points. 

The images of the face are taken with a single camera from the same position, and then the images are 
aligned vertically and horizontally so that the main facial features would match on both images of full face 

and profile. After the images are aligned it is possible to start searching for the control points.  
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2.1 Searching for Control Points on the Full Face Images 

1) Since digital images are exposed to different types of noise, it is necessary to remove noise on images with 

filtering, that contains a mask with a size of m×n pixels, and size of an image f  is M×N. The filtering process 

can be described with Formula 1. 
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s,t - convolution kernel coordinates along the abscissa and ordinate. 
 

2) The next step is contrast correction for each RGB channel. This is done with histogram normalization 

(González, Woods, 2007). Normalization is sometimes called contrast stretching or histogram stretching, that 

is necessary when the range of the histogram is smaller than needed and does not encompass all the 

gradations in the range from 0 to 255 (see Fig.1.1.).  By normalizing the histogram, its range is extended  

(see Fig.1.2.) and the pixels with value less than a threshold T are discarded. 

 

Figure 1. Histogram Normalization of Each Channel in the RGB Color Space 

3) The Viola-Jones algorithm (Viola, 2001) is used to extract the face (and eyes, nose, mouth) from the 

image. The algorithm is implemented using the OpenCV library. The cascades are used to train the search for 

facial features. Then, based on the found regions, the control points are located on the image. The existing 

algorithm was edited to remove unnecessary located objects, and the rules were constructed for each region 

separately. 

It is known that the eyes are located higher than the middle of the face, so the center point of the eyes 
region is Ec<H/2, where H is the height of the face region (see Fig.2.1.)  
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Figure 2. Region Extraction and Search for Control Points 

After the eyes regions are extracted they are merged into a single region. It is also known that the mouth 

region is located in the bottom part of the face, below H/4. The nose is extracted from the area in between the 

eyes and mouth. 

4) The transition from the RGB color space into the HSV space. 
5) The region edges are extracted from the resulting image, using the Sobel operator (Hanno, 2007).  

The pixel intensity is calculated from the Value channel of the HSV color system. 

6) The locations of control points are found in each extracted region. In the case of the eyes region, to 

locate the outer corners a vector moves along the x-axis until it finds a pixel with intensity greater than the 

predetermined threshold T (see Fig. 2.2.) Algorithm stops after all the extracted regions are processed.  

2.2 Searching for Control Points on the Profile Images 

The information acquired from processing the full face image (such as the region coordinates) can be also 

used to help process the profile image. 

1) The first two steps of the algorithm are the same as with the full face algorithm and include the noise 

reduction and histogram normalization.  

2) The next step contains the transition from the RGB color space into the HSV space. The Value channel 

in the HSV system is normalized to adjust the white color balance. 

3) Then the pixels that belong to face are extracted using the following values (Sharif, Ayub, 2011): 
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  represent threshold values for red, green and blue channels in RGB color space, and 

r
 =70; g

 =60;  
b

 =70. 
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RGBsh
      (5) 

Where  gives the resultant detected skin region. 

The color of the pixels that do not contain skin is set to white.  

4) Then the face region is extracted. The location of the first skin pixel on the x-axis is defined as the tip 

of the nose (Fig. 2.3). 

To extract the face in the profile image (the region of interest is between the tip of the nose and ears),  

a width of the face from the full face image is used (Fig. 2.2). The height of the region is set to be the same as 
in the full face image, where the y coordinates are already calculated. 

5) The control points are calculated in the following step. Since region coordinates of the eyes, nose and 

mouth are already known on the full face image, the profile image can be scanned starting at the tip of the 

nose and move along the known y coordinates, until a pixel is found with intensity greater than threshold T. 

In the future, the amount of control points could be increased to work with a more detailed model and to 

be able to more accurately calculate the relations between the control points and the polygonal mesh. 

3. EXPERIMENTS 

The proposed algorithm of searching for the control points was tested on 28 images of full face and profile 

that show 14 different people. The algorithm is intended to be used to adapt the three-dimensional models of 

faces that will be used in facial recognition tasks (Krutikova, Glazs, 2016). 

The initial images were taken using a single Nikon D5200 camera, with a resolution of 1072x1200.  

The images were later manually aligned relative to each other in order to obtain the greatest possible 

correspondence between the points. 

Further processing of the images and the search for control points were done automatically.  

The algorithms were tested on a Dell Inspiron 5720, processor Intel(R) Core(TM) i5-3210M, CPU 2.50Hz. 

During the experiments, it was found that the amount of time required for the automatic processing of 28 
images of full face and profile (total 14 persons) was 5.68 minutes (341.3 seconds), or in case of manual 

processing 17.5 minutes (1050 seconds). The automatic approach was 3 times faster than the manual 

approach and when a large amount of images needs to be processed it could significantly accelerate the 

process. In the case of semi-automatic approach, where the operator can edit the control point placement the 

time was 11.6 minutes (695.7 seconds), which is 1.5 times faster than the manual approach. 

 

Figure 3. The Dependence of Algorithm Execution Time on the Amount of Images 

During the experiments it was also found that control points were correctly places on the full face images 

in 71.4% of cases, and on profile images in 85% of cases. Therefore, it is preferable to use the  

semi-automatic mode of the algorithm, where the operator could adjust the position of the control points,  
if necessary.   
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The proposed method was further used to adapt and existing three-dimensional model of face. New 

coordinates were calculted for each vertex of the model, based on position of the control points that were 

placed on both images (see Figure 4,a,b). The model was divided into several regions that used different 

automatcally calculated scaling and translation coefficients. 
A new texture was created for each adapted model (see Figure 4,c,d), based on the full face image  

(see Figure 4,b). The wireframe model (see Figure 4,g,h) is intended to be later used in facial recognition 

tasks. 

 

 

Figure 4. 3D Models of a Face Based that were Adapted, Based on Control Point Placement: A),B) Input Images,  
C),D) Adapted Textured Model of Face, E),F) Solid 3D Model, G),H) Wireframe of the 3D Models 

4. CONCLUSION 

In this paper a semi-automatic algorithm of searching for control points on images of full face and profile is 

proposed. During the experiments it was found that using the developed algorithm, image processing time is 

International Conferences Computer Graphics, Visualization, Computer Vision and Image Processing 2017 
                                                    and Big Data Analytics, Data Mining and Computational Intelligence 2017

277



reduced by 3 times, compared to the manual approach. However, the accuracy of the algorithm for the full 

face images is 71.4%, and 85% for the profile images. Therefore, it is preferable to use the semi-automatic 

mode of the algorithm, where the operator could adjust the position of the control points, if necessary.  

The proposed algorithm could be used to adapt a three-dimensional model of a face that can be later used in 
tasks of face detection and recognition. Currently the proposed algorithm cannot be used for real time tasks, 

although it could be optimized in some cases, especially when processing profile images, where the  

Viola-Jones algorithm is not used.  
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