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ABSTRACT 

          Many applications depend on extracting human feature points from 2D images. e.g. non-

contact anthropometric measurements, initializing 3D human body shape and recognizing human 

actions recognition. This paper represented a comparison between various edge detection 

techniques, which applied on an automated human feature points extraction algorithm from front 

and side images. Firstly, detecting the body contour. Secondly, Robert, Prewitt, Sobel, Canny 

and Laplacian of Gaussian (LoG) edge detection techniques are applied to represent the 

silhouette curve of the human body. Thirdly, Freeman‟s 8-connected chain codes is applied on 

the silhouette curve.  Finally, a series of feature points are extracted automatically based on some 

specified rules. Errors and quality comparison techniques, mean square error (MSE), root mean 

square error (RMSE) and peak signal to noise ratio (PSNR), are used to precisely compare 

between these different edge detection techniques. The comparison shows that LoG edge 

detection technique has the least MSE and the most quality.  

Keywords: Edge dection operators , Freeman’s chain code , Feature points extraction, Image 

processing. 

1. INTRODUCTION  

            The popularity of Digital cameras are 
gain over from being captured conveniently 
with low cost. Extracting information from 
2D images are become more interested 
especially from the human images. Image 
based techniques are applied in various 
studies to detect human body features from 
2D images [1- 4]. Many body features can be 
extracted from the body contour shape curve 
[5, 6] Freeman‟s chain code algorithm is 
represented the 2D contour in a chain-coded 
curve [7]. By applying a specific rules on 
chain code boundary curve, a series of 
feature points can be extracted. 

Automated human feature points extraction 
algorithm is applied in various fields. It is 
used in automatic anthropometric 
measurements, which characterized by 
accuracy and repetition rather than 
traditional methods [8]. The efficient 
creation of the virtual human model is based 
on precise extraction of human feature 
points. 3D human model construction from 
2D images algorithm is illustrated in [9, 10]. 
The body scanner is developed for realizing 

non-contact 3D measurements that often 
need to segment the body parts [11]. The 
identification of human body parts are used 
in human action recognition [12].  

The aim of this article is to present a 
comparative study between Robert, Sobel, 
Canny, Prewitt, and LoG techniques to 
develop an automated body feature points 
extraction from 2D images algorithm.   Reset 
of the paper is organized as follows: An 
automated body feature points extraction 
algorithm is introduced in Section 2. Section 
3 introduces basic concepts describing 
gradient based operators and Laplacian based 
operator. Experiment results are given in 
Section 4. Finally a conclusion is given in 
Section 5. 

 

2. METHODOLOGY 

           The most feature extraction 

algorithms can be summarized by Fig. 1.  
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Fig. 1 Block diagram of feature extraction algorithm 

2.1. Photographing and Preprocessing  

          The photographing process is 

illustrated in [13] that determines the camera 

type, resolution and position. The mentioned 

algorithm used four images. Two of them 

are the subject‟s front and side views and 

remain images are the background of the 

front and side views. These images are 

resized to 309x211 pixels for front views 

and 309x84 pixels for side views. 

2.2. Human Contour Extraction 

          The human contour is extracted by 

subtracting the subject image from the 

background image for both front and side 

views. Then converted the images from 

RGB image to a Binary one. 

2.3. Silhouette Extraction 

          In this phase a comparison between 

various edge detection techniques are 

applied to extract the silhouette curve. These 

techniques can be classified as either 

gradient-based edge detection, or Laplacian-

based edge detection. The first class 

includes, Robert operator, Sobel operator, 

Canny operator and Prewitt operator. The 

second one includes, Laplacian of Gaussian 

(LoG) [14, 15]. 

2.4. Automatic Feature Points Extraction 

          Freeman‟s 8-connected chain code is 

used to in this phase. This algorithm is used 

numbers from 0 to 7 to represent 45 degree 

increment in a counterclockwise direction 

starting from an initial horizontal vector „„0” 

directed to the right [7, 16]. That is used to 

represent the silhouette curve as series of 

connected segments. By applying specific 

rules listed in [13] on these segments, 

feature points can be extracted 

automatically.  

3. GRADIENT BASED AND 

LAPLACIAN BASE OPERATORS 

3.1 Gradient Based Operators: 

         The gradient based edge detection 
algorithms determined edges by searching 
for maximum and minimum values of first 
derivative of the image. In image processing 
first derivatives are implemented by gradient 
magnitude [17].  

If I (x, y) been the input image, then image 
gradient is given by, 

    ̂
       

  
  ̂

       

  
                      

where 
       

  
 is the gradient in x direction and 

       

  
 is the gradient in y direction. 

The Gradient vector is given by, 

           [
  

  
]                               

The gradient magnitude is defined as, 

| |  √                                             

The gradient direction vector is 

        [
  

  
]                                         

The gradient based edge operators are 
divided either classical operators or canny 
edge detector [14].  

Classical Operators: 

          Robert, Sobel, Prewitt are classified as 
classical operators which are easy to operate 
but highly sensitive to noise. 

Roberts Operator 

          It is the primary operator of edge 
detection algorithms. This operator is based 
on approximated the image gradient by 
discrete differentiation. It is the simplest and 
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quick algorithm of edge detection. The mask 
of Roberts operator given by Eq. 5 [18]: 

   [
   
  

]              

 [
   
  

]                        

These two masks can be applied to the image 
for detecting edges and simply rotated 45°to 
each other. 

Prewitt Operator 

           The Prewitt edge detector can 
calculate magnitude and orientation of an 
edge. This gradient based edge detector is 
estimated in the 3x3 neighborhood for 8 
directions [19]. All the eight convolution 
masks are calculated. The convolution mask 
with the largest module is then selected. 
Equation 6 represents the convolution masks 
of the Prewitt detector:  

   [
      
   
   

]      
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]                

Sobel Operator 

           Sobel operator [20] is gradient based 
edge detection algorithms that uses 
maximum points during the edge detection 
process.  It has two pieces and 3x3 kernels as 
shown in Eq.7. These kernels are rotated 
each other by 90° and are applied 
convolution on an image.  

   [
      
   
   

]            
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]                    

Canny Edge Detector 

           All previous discussed operators have 
noises as a common defect that caused 
missing for true edges. To overcome this 
defect Canny uses Gaussian filter before 
applying the mask. Gaussian filter reduces 
the noise as much as possible [15, 21]. 

There were three objectives based on Canny 
edge detector algorithm [15, 21]:  

1. Low error percentage: all edges could 
be found. The edges detected close to 
true edges. 

2. Well localization of edges: that 
represented as the small distance 
between detected edge and the center 
of the true edge. 

3. Response of single point: the detector 
returned only one point for each true 
edge.  

Canny edge detection algorithm consists of 
few steps. Firstly, remove noise which 
causes errors in the determination of object 
boundaries. Secondly, two-dimensional 
derivative (Gx, Gy) of the image intensity 
are taken. Equation 8 shows a 3x3 kernel 
pairs which can be used for canny 
algorithms. Equation 9 given the formula 
used to calculate the density of gradient. 

   [
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In the third step: the edge regions direction is 
determined by looking at x and y directions. 
The direction is determined by scanning the 
pixels at certain angles (often 0°, 45°, 90° 
and 135°). After that a non-edge pixels is 
reduced to level zero. Finally, apply 
threshold to the image. The threshold value 
(T) are chosen as a limit- value [22]. 

3.2 Laplacian Based Operators 

           These operators use the second order 
partial differential for edge detection. 
Therefore, it is also called the second order 
operators. In Laplacian operator we are 
basically interested in the construction of an 
isotropic filters. This filter has been a 
rotation invariant in other words applying the 
filter and then applying the filter with 90° 
again to give the same result. The simplest 
isotropic derivative is the Laplacian which 
can be represented in Eq. 10 [14, 22]:  
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Marr-Hildreth Operator 

           This operator is also called Laplacian 
of Gaussian (LoG). The authors of this 
method have suggested that the edge 
detection operator should has two main 
features:  

1. The operator should be applied the 
first or second derivative at any point. 

2. The operator should be applied at any 
desired scale.  

The efficient operator that can be contained 
those features is the filter     where    is 
the Laplacian operator and G is a 2-D 
Gaussian filter function, i.e., 

      

   
     

                                                           

where   is the standard deviation. Now     
is given by: 
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4.  EXPERIAMENTAL RESULTS 

           MATLAB 2017 Image Processing 
Tool box is used to compare between the 
five techniques. The first comparison is 
between the original image and the silhouette 
curve that can be extracted after applied the 
edge detection techniques as shown in Fig. 2 
and Fig.3. The original image has resolution 
of 309x211 pixels for front view and 309x84 
pixels for side view.  

There are many parameters which can be 
used to compare all mentioned edge 
detection operators. The following methods 
are used for this purpose. 

1. Mean Square Error (MSE) 

MSE is used to evaluate the 
performance of predictor. It is defined 
as: 

   

 
∑ ∑ [               ]    

   
   
   

   
     

where    and    are two (M x N) image 
matrices. 

2. Root Mean Square Error (RMSE) 

It is defined as: 
   

 √                                                          

3. Peak signal to noise ratio (PSNR) 

This criteria represents the ratio between 
maximum power of a signal and the 
power of noise. The image 
reconstruction ability is increased by the 
increasing of PSNR value. It is defined 
by the following equation. 

    
                   

                                                               

where         is the maximum pixel 
value of an image. 

The comparison between all the techniques 
is applied by using Matlab software on JPG 
images with a resolution of 309x211 pixels 
and 309x84 pixels for front and side views 
respectively. The comparison of MSE, 
RMSE and PSNR for all illustrated operators 
and original image are given in Table 1 and 
Table 2. 

Table 1. Comparison values for front view 

 MSE RMSE PSNR 

Robert 0.2660 0.5158 5.7512 

Prewitt 0.2646 0.5144 5.77740 

Sobel 0.2650 0.5148 5.7672 

Canny 0.2641 0.5139 5.7818 

LoG 0.2439 0.4939 6.1276 
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Table 2. Comparison values for side view 

Table 1 and Table 2 show that LoG edge 
detection operator has the least MES value 
and the largest value of PSNR, i.e., it is the 
best one to represent the original image and 
it is recommended for use. 

The second comparison is shows the 
difference between the feature points 
extraction, using  the algorithm illustrated in 
[13] that used canny edge detection 
technique and the same algorithm when used 
LoG edge detection technique. Fig. 4 and 
Fig. 5 show the feature points extraction 
after applied the two techniques on the front 
and side views respectively. 

By applying the LoG edge detection 
technique, there are 121 feature points are 
extracted from the front and side views 82 
from the front view and 39 from the side 
view. However only 115 feature points are 
taken 80 from the front view and 35 from the 
side view. These points are neglecting 
because of repeating closely to another one. 
By comparing the extracted points with 
another one represented in [13], there are 14 
additional feature points, 10 points in the 
front view and 5 points in the side view. 

 MSE RMSE PSNR 

Robert 0.4972 0.7051 3.0345 

Prewitt 0.4975 0.7053 3.0324 

Sobel 0.4973 0.7052 3.0341 

Canny 0.4970 0.7050 3.0365 

LoG 0.4671 0.6834 3.3059 
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Fig.2. Comparison of all illustrated edge detection operators for front view 

 

Fig.3. Comparison of all illustrated edge detection operators for side view 
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Fig.4. Feature points extraction from the front view 

 

Fig.5. Feature points extraction from the side view 

5. CONCLUSION 

             This paper addressed a 
comparative study between the 

popular detection algorithms. All the 
considered edge detection techniques 
are compared with the original image, 
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using three different criteria; MSE, 
RMSE and PSNR. These results 
illustrated that LoG edge detection 
operator yielded the least of error and 
the most quality. Therefore replacing 
Canny edge detection technique by 
LoG edge detection technique, more 
feature points were extracted 
precisely. 115 feature points (80 from 
the front view and 35 from the side 
view) instead of 101 feature points (71 
from the front view and 30 from the 
side view). 
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 مقارنة بين تقنيات كشف الحواف الستخراج النقاط المميزة لمجسم البشري

 محمد أحمد مسعود، شيماء كمال 

 الممخص

الشكل ثالثي ستنتاج فى العديد من التطبيقات مثل القياسات الجسمية والتعرف عمي حركة الجسم البشري والمجسم البشري النقاط المميزة  تستخدم

 Robert, Prewitt, Sobel, Canny and)مثل  كشف الحوافالمستخدمة في تقنيات المقارنة بين العديد من  يقدم هذا البحث. بعاداأل

Laplacian of Gaussian (LoG))  يزة لمجسم البشري من الصورتين ستخراج النقاط الممإلتم تطبيقها عمي الخوارزم المقدم بالبحث والتي

يتم  وتطبيق تقنيات كشف الحواف إليجاد الشكل الظمي لمجسم البشري ثم بتحديد حدود الجسم البشري حيث يقوم الخوارزم المقدممية والجانبية. األما

معتمدة عمى  آليا   مجموعة من النقاط المميزة لمجسم البشرييتم إستخراج   خيرا  عميه  و  Freeman’s 8-connected chain codeتطبيق 

 mean squre error (MSE), root mean square errorالكفاءة مثل تقنيات مقارنة نسبة الخطأ و عض القواعد المحددة. تستخدم تطبيق ب

(RMSE), and peak to noise ratio (PSNR) .ن تقنية أوضحت المقارنة أ لممقارنة بين تقنيات كشف الحواف المختمفةLOG   لكشف

 .كفاءةعمى الحواف لها أقل نسبة خطا وأ


