
A Morphological based Technique for Features 
Extraction from the Face Color Images 

 
 Abstract—Feature extraction is the process of indicating the 
relevant properties of patterns that determine certain characteristics 
of objects. Facial features extraction is related to representation of 
face features including shape, color and texture which are the main 
face components to recognize the facial expressions. The Geometric 
features type which includes the extraction of feature points is a 
simple in terms of computational cost for the analysis and 
classification of facial images than the Appearance type if a limited 
number of feature points are selected and extracted in the recognition 
process. On the other hand, the algorithms of feature extraction 
based on the Geometric methods are not as robust as Appearance 
type. As a result in this research a Geometric technique has been 
proposed to analyze the accuracy of facial features extraction from 
static images. 
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I.  INTRODUCTION  
LASSIFICATION of objects or patterns into several 
groups is a main purpose in pattern recognition area. 
There are many applications in which pattern recognition 

is used as an important part such as machine vision systems, 
optical character recognition systems, diagnostic decision 
support systems, human computer interaction systems, speech 
recognition systems and so on [1]. Pattern recognition in the 
domain of face or facial image is one of the challenging areas.  

Facial images can be used effectively to interact human 
and computer systems which have various applications in 
digital cameras, teleconference, animation design, customer 
relation management systems and so on. Feature extraction is 
an important step in the analysis of the face or facial images.  

Ilbeygi & Shah Hoseini presented an edge detection based 
method to extract the features from the facial color images [2].  

In this method, the eye maps were detected with 
chrominance and luminance components from YCBCr format 
of images. Sohail & Bhattacharya presented an anthropometry 
based technique for facial feature extraction [3].  
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They used the anthropometry model to detect regions of 
eyes, eyebrows, nose and mouth. Then, image processing 
techniques were used to search in the detected regions to 
extract facial feature points.  Zhou et al proposed a hybrid 
model of Active Appearance Models (AAMs) to extract facial 
feature points [4]. AAMs (Coots et al 2001) combine the 
information of Geometric variation as well as texture variation 
to fit a set of feature points as a face shape with facial images 
in the diverse expressions. To improve the AAM results, a 
classification algorithm was presented in the study of Zhou et 
al to classify Gabor features which were extracted from the 
AAMs initial feature points to find the precise position of 
facial feature points [4]. 

Principal Component Analysis (PCA) is used to extract the 
facial features based on the “face space” as it is applied to face 
detection. In this technique, extracting the facial features needs 
to train with a set of training data. Training data set led to 
create independent “feature space” for each relative facial 
features. Minimizing of projection error of face image regions 
onto the feature spaces determines the position of features on 
the face [5].  

Local Binary Patterns (LBP) method is also used for facial 
feature extraction with texture consideration in some studies 
such as Shan et al [7] and Piatkowska et al [6]. In this method 
the face region divides into a grid with small scale pieces. 
Then, the LBP histograms belong to grid cells are extracted as 
facial features set for a particular emotion [7].  

Gabor wavelet has been used in the numerous studies for 
the purpose of facial feature extraction [8], [9], [10]. Facial 
expressions recognition using Gabor features shows proper 
performance in the variable conditions such as illumination of 
images but need to high computational cost if all Gabor 
features are used for analysis of images [10]. 

In this research, a Geometric based features extraction as a 
low processing cost method has been proposed based on the 
analysis of images color information and morphology process. 
According to the proposed Geometric method, a few number 
of facial feature points are extracted while the facial feature 
regions are estimated. 

II. FACIAL FEATURE EXTRACTION  
Eyes, eyebrows and mouth are the most effective features 

on the face for face detection or expressing the emotional 
information [11]. Therefore, the localization of those was the 
pre-process step for facial feature points extraction.  
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Two corners of eyes were marked manually by computer 
mouse as the base reference of facial features detection. The 
extraction of eyes corners with distance between them 
presented a scale to detect the face and location of facial 
features. Generally, facial features have relatively constant 
proportion with distance between two eyes [3]. Therefore, 
facial features detection was developed with measuring the 
proportions of the features with regarding to the distance of 
two eyes as a base parameter.     

A.   Feature Points Detection from Eyes Region 
Localization 
Extracting the corners of eyes locates the eyes areas both in 

horizontal and vertical positions. Therefore, two box areas 
were approximated around the eyes regions. These boxes 
included 40 horizontal pixels and around 25 vertical pixels 
from the inner corner of the eye. The size of horizontal and 
vertical pixels (40, 25) were approximated based on the trial 
and error method to achieve the best results for all images. For 
the purpose of dividing the upper eyelids from the eyebrows in 
the emotional states, height of the rectangular area around the 
eyes was estimated a little shorter for the Sadness and Anger 
facial images and longer for Surprising images. The next step 
is detection of eye features points. In this research, the dark 
borders of eyes including eyelash was detected to extract the 
upper and lower points of eyes. These two points showed the 
distance of eyes opening or closing. Figure 1 shows a sample 
image with extracted inner corners of eyes and the coordinates 
of those as the base parameter which have been extracted 
manually. The base parameter has an important role to find the 
facial features. 

 

 
Fig. 1 Pre-Processing Operation for Features Localization. (a) static 

image of subject, (b) manually marked two corners of eyes 
with coordinate 

Figure 2 shows the process of feature points extraction 
from eyes in the images of FG-net database.     

 

Fig. 2. The Process of Feature Points Extraction From the Eyes 
 

To detect the dark borders of eyes, RGB information in the 
images with JPG format were considered. As darker points 
have lower RGB value, the dark points in the eyes region were 
detected. Therefore, a range of RGB values was defined to 
show the eyes borders. The proper range was obtained based 
on the proportion of face skin RGB values. For this purpose, 
first an average RGB value from the face skin RGB values was 
estimated then, a proportion of the skin RGB value was 
determined as the base of RGB values of darker regions. Then, 
the pixels with RGB values in the proper range were converted 
to the binary values to show the extracted regions. Equation 1 
shows the proposed mathematical function to convert the RGB 
pixel values to 0 and 1 as the binary values. Figure 3 shows 
RGB color system in a diagram with the elements. 

 
Fig. 3 RGB Color System With Its Elements 
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Ei = �
0      gi < 𝛼.𝐴𝑔               

 1      gi ≥ α. Agi              
            (1)                                                

                                                                             
Where: 
Ei is a pixel value in the eye region  
gi is a pixel value with RGB information in the eye region 
𝛼 is the estimated coefficient (𝛼 is around 0.45, 0.75 and 

0.56 for eyes, brows and mouth which were estimated based 
on several experiment results to find the best values) 

Agi is the average of determined RGB values   
 

Morphological processing was operated on the detected 
eyes regions with using close and open operators in the Matlab 
environment to combine Dilation and Erosion operations. 
These morphological operators grown the objects thickness 
with filling the holes then removed the noise objects [12].       

 

Close and Open functions include a structural element 
called Strel. Strel function indicates the objects characteristics 
on which morphological process are operated. Close, Open 
and Strel functions are as follow: 

SE = Strel (Shape, Parameters) 
IS = imclose (IM,SE) 
IP = imopen (IM,SE) 
 

In the eyes region the Rectangle and Disk parameters were 
used in the Strel function for close and open operators, 
respectively. Therefore, first close operators filled the small 
holes between the pixels then open operator remove the noise 
objects on the image.  

 

Since the best points for showing the size of eyes opening 
or closing are determined with the shape of eyelids, therefore, 
the top and down positions of eyelids shape were analyzed. To 
find the points of upper and lower levels of eyes, the midpoint 
of lower and midpoint of upper eyelids, which are estimated in 
the middle of eyes region, in the vertical position from down to 
top and top to down were searched in the eyes boxes area. 
Therefore, the first black pixels in the lower and upper 
positions of eye regions were detected as the extracted 
features. Figure 4 show the process of eyes feature points 
extraction. 

 
Fig. 4 Process of Eyes Search Region Detection 

B.   Feature Points Detection from Eyes Region 
Localization 
Eyebrow box areas were approximated when the eyes 

upper levels detected. As the eyebrows locate in the upper 
position of eyes region, the above area from the top point of 
eyes, which were extracted in the previous phase, indicated the 

eyebrows area. The eyebrow box area is started in the 
horizontal axes from the midpoint of distance between inner 
corners of eyes, base parameter, to cover the first inner points 
of eyebrows. Therefore, with the color information analysis in 
the eyebrow boxes the dark regions as the eyebrows were 
extracted. In this process, the values of RGB was estimated in 
the eyebrows regions based on the coefficient (� =0.75) of 
average of skin RGB values.    

Figure 7 shows the process of feature points extraction 
from the eyebrows areas.  

The morphological operators performed to adjust the 
eyebrows region. In this process, the Rectangle parameter was 
used in the Strel function as the structuring element for close 
operator to join the separated holes in the eyebrow region. 
Then, the search process was performed to extract the outer 
points of eyebrows. Figure 5 shows how eyebrows position 
was approximated based on the upper eyelids. Figure 6 shows 
the process of extracting the eyebrows feature point.   

 

 
Fig. 5. Eyebrows Position Estimation 

 

 
Fig. 6. The Process of Eyebrows Feature Points Extraction 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig.  7 The Process Of Feature Points Extraction From the Eyebrows 
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C. Feature Points Detection from Mouth Region 
Localization 
Mouth corners detection was performed when the mouth 

region was estimated. Mouth region was localized based on the 
position of nose. Therefore, first the location of the nose was 
approximated, then, the lower area of the nose was detected as 
the mouth region. Figure 8 shows the process of feature points 
extraction from the mouth.   

The distance between two inner corners of eyes, which 
called base parameter, can be a criterion to find the tip of the 
nose area. Therefore, the normalized base distance from the 
mid of two inner corners of eyes to the face down in the 
vertical position was measured to find the nose area. As a 
result, the nose area is begun from the end of measured vertical 
distance which is equal to base parameter. 

The lower region of the nose area was considered as the 
mouth box area. In this area, the position of outer corners of 
eyes was used to estimate the width of mouth box area.  

As the mouth region includes the red dark area in the 
mouth box, therefore, RGB information can be used to extract 
the mouth from the left area of the face. Therefore, for the 
purpose of detecting the corners of the mouth, the extracted 
mouth region was converted to the binary format.     

The morphological operation was performed on the binary 
shape of the dark regions of the mouth box. In the morphology 
process, the Rectangle parameter was used in the Strel function 
for both close and open operators in the mouth region. Then, 
two mouth corners were extracted with a search process in the 
box area.     

 
Fig. 8 The Process of Feature Points Extraction From the Mouth 

 

Figure 9 and Figure 10 show the process of mouth area 
estimation and the process of mouth feature points extraction, 
respectively. In Figure 10 (b) and 10 (c) we can compare the 
accuracy of feature points detection in the proposed method 
with the feature points extraction in using computer mouse 
manually.  

  
 
 
 
 
 
 
 
 

Fig. 9. The Process of Mouth Area Estimation 
 

 
 
 

Fig. 10. The Process of Mouth Corner Points Extraction: (a) 
detected mouth area, (b) the mouth feature points extraction 
after morphological operation with the coordinates, (c) the 

mouth corners detection manually by computer mouse 
 

III. EXPERIMENTAL RESULTS  
In this section, the results of feature points extraction have 

been presented and the performance of the facial features 
detection with the proposed technique has been evaluated. For 
this purpose 90 static images consisting of the neutral and 
emotional states have been used from the FG-net database in 
the experiment process. In the proposed facial features 
extraction, eight feature points comprising four points related 
to upper and lower eyelids, two points from eyebrows and two 
points from lips corners position were detected automatically 
based on the two inner corners of eyes while two points 
located in the upper and lower of lips were extracted manually. 
Therefore, for every expression, 8 facial feature points and for 
all subjects (18) with all expressions (5 included neutral) 720 
feature points were detected. 

To evaluate the accuracy of detection performance, the 
coordinate of feature points which were detected according to 
the proposed feature points extraction technique, has been 
compared with the location of points which were marked 
manually. According to the Tie (2011) study, if the 
comparison between marking manually and automatic labeling 
shows less than 10 percent bias then the automatic detection of 
facial feature points is successful. Therefore, the following 
conditions have been determined to identify the acceptable 
point location: 

 

Detected feature points from the eye region: 
pn  is accepted if  pn≤mpn±2pix                             (2)                                                                  

     
Detected feature points from eyebrows and mouth regions: 

pn  is accepted if  pn≤mpn±3pix                  (3)                                                                                   
 
Where pn is the coordinate of automatically detected 

feature point and mpn is the coordinate of manually extracted 
feature point. Also, npix indicates the number of pixels which 
has been identified with number 2 as an acceptable bias for 
eyes and number 3 for brows and mouth. Therefore, these 
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biases are accepted deviations for features detection which do 
not influence the accuracy of results.   

If we assume that (pxi,pyj) is the coordinate of a feature 
point, Table 1 shows the overall accuracy rate for the extracted 
features in the images. 

TABLE I 
 THE OVERALL RESULTS OF FACIAL FEATURE POINT DETECTION 

FP Total images Correct 
detection 

Errors Accuracy 
rate (%) 

Py3 90 88 2 97.78 
Py4 90 90 0 100 
Py5 90 88 2 97.78 
Py6 90 90 0 100 
Py7 90 81 9 90 
Py8 90 74 16 82.22 
Px9 90 85 5 94.44 

Px10 90 88 2 97.78 
Py9 90 90 0 100 

Py10 90 87 3 96.67 
Total 900 862 38 95.67 

 
The overall results of experiment process for detection of 

10 feature points and the accuracy rate of those based on the 
images from FG-net database showed 95.67 percent for 
detection of facial feature points for all images while the 
detection process was implemented for every emotional state, 
independently.      

IV. CONCLUSION 
The extraction of facial features as a prerequisite step for 

classification of facial expressions has been carried out based 
on the RGB information and morphological operations for 
detecting most facial feature points around the eyes, eyebrows 
and mouth from the images of FG-net database while two eyes 
inner points was used as the base of face area. As a result, the 
proposed features extraction presented a simple base in terms 
of computation cost for classification model.  
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