
Proceedings of the International Multiconference on ISBN 978-83-60810-22-4
 Computer Science and Information Technology, pp. 7 – 10  ISSN 1896-7094 

Fuzzy Edge Detection Based on Pixel's Gradient and Standard Deviation 
Values 

Wafa barkhoda, Fardin Akhlaqian Tab, Om-Kolsoom Shahryari
Department of Computer, University of Kurdistan, Sanandaj, Iran

w.barkhoda@ieee.org, f.akhlaqian@uok.ac.ir , shahryari.kolsoom@ieee.org 

Abstract— This paper presents a new fuzzy based edge detec-
tion algorithm.  Each different edge detection method has its 
own advantages and disadvantages. For example each method 
detects part of real edges and also some unreal edges. To re-
duce this effect we have used two different source of informa-
tion and a fuzzy system to decide about whether each pixel is 
edge or not. 
First both gradient and standard deviation values are comput-
ed, form two set of edges, utilized as inputs for our fuzzy sys-
tem.  Then  fuzzy  system decides  on  each  pixel  according  to 
fuzzy rules. Finally we have compared results of the proposed 
algorithm with  other algorithms  such as  Sobel,  Robert,  and 
Prewitt. Experimental results show the ability and high perfor-
mance of proposed algorithm. 
Keywords — Edge Detection; Fuzzy Logic; Fuzzy Decision Sys-
tem; Gradient, and Standard Deviatio n . 

I. INTRODUCTION 

DGE detection is one of the most important algorithms 
in  image  processing.  It  plays  a  fundamental  role  in 

higher level processing [1, 2]. Edges potentially have impor-
tant information about image content. Also in human visual 
system, in a preprocessing stage, image edges are detected 
[3]. Regarding to importance of edges in image processing 
algorithms, such as object detection, capabilities and accura-
cy of edge detection algorithms are important factors.

E

Edge is defined as object  border,  and extracted by fea-
tures such as gray, color or texture discontinuities [4]. Lu-
minance and geometrical features, lightening condition and 
noise volume has a great  impact on shaping the edge [5]. 
Edge contains important information of image and provides 
object's location.  

Many of edge detection algorithms such as Sobel, Prewitt 
and Robert are based on gradient value [6]. In these algo-
rithms,  the  estimated  gradient  pixel  value  higher  than  a 
threshold  is  counted  as  an  edge  pixel.  Because  threshold 
value is often empirically determined, it is possible to lose 
some edges or over estimation occurs.

Another important gradient based edge detection method 
is canny algorithm which solves an optimization problem to 
detect the edges [7]. The trade off between detection and lo-
cation of edge pixels make a problematic inaccuracy [4]. By 
changing threshold values, edge detection rate increases, but 
the accuracy of edge locating decrease. 

Because  of  noise,  low contrast,  and  some  other  factor 
edge detection methods that have been mentioned can not 
give satisfactory results [8]. For example in some cases over 
or under edge based segmentation estimation occurs, espe-
cially in natural complex image is more obvious.

There are some edge detection algorithms in frequency 
domain [9, 10]. The algorithm presented by Marr-Hildreth 
[9] detects zero crossing second order of derivative function 
in Laplas domain as edge pixels. Low sensitivity to noise is 
achieved  regards  to  using  the  Gaussian  filter  [11].  Some 
other edge detection algorithms process the image in wave-
let domain [10, 12]. In the all above mentioned approaches, 
after applying edge detection algorithm, and then threshold-
ing, the thinning stage is followed till a single edge pixel is 
achieved [11].

Mentioning more approaches, morphological based algo-
rithms  extracts  continues  and  single  pixel  edge  straightly 
[13].  To improve results,  useful  tools  such as neural  net-
works [14], fuzzy logic [6, 15], and ant colony [4, 16] are 
applied by some presented algorithms.

In this paper we studied edge detection methods based on 
fuzzy logic in Section 2, and then proposed algorithm is pre-
sented in Section 3. The simulation results are presented in 
Section 4 and finally conclusion and future works are drawn 
in section 5.

II. FUZZY LOGIC APPLICATION IN EDGE DETECTION 

Considering the capability of neural  network and fuzzy 
logic  based  processing,  in  recent  years,  many  researches 
have been done on their application at image processing and 
as a result edge detection algorithm [4, 17-19].

Different algorithms for fuzzy based edge detection have 
been proposed [20-23]. In the work proposed by Zhao, et al 
[24], image is segmented by a three level threshold. By ap-
plying  the  two different  ways  between  probability  region 
and three fuzzy regions and also minimum entropy rule, a 
technique to determine the parameters  of best three fuzzy 
regions is proposed. The necessary condition for maximiz-
ing entropy function is also expressed. Based on this condi-
tion an effective algorithm for three level thresholding is ob-
tained.

Fuzzy based rules method in most of fuzzy based edge 
detection algorithms are used. In most of these methods, ad-
jacent points of pixels are assumed in some classes and then 
fuzzy system inference are implemented using appropriate 
membership function, defined for each class [11].

For example in [6], adjacent points are assumed as 3×3 
sets around the concerned point. By predefining member-
ship function to detect edges. In these rules discontinuity in 
the color of different 3×3 sets, edges are extracted. It uses 5 
fuzzy rules and predefined membership function to detect 
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edges. In these rules discontinuity of adjacent point around 
the  concerned  point  are  investigated.  If  this  difference  is 
similar to one of predefined sets,  the pixel  is  assumed as 
edge.

A similar work is proposed by Mansoori, et al [15]. In 
this work adjacent points of each pixel, are grouped in six 
different set. Then by using of appropriate bell shape mem-
bership function, the value from zero to one is determined 
for each group. Based on the membership values, and fuzzy 
rules, decision about existing/not existing and direction of 
edge pixels are obtained.

III. PROPOSED ALGORITHM 

A.  Primary Edge Detection and Fuzzy Rules 
In this paper, at first by two different methods, gradient 

and standard deviation of pixels value, edges are separately 
extracted and then based on fuzzy logic, final decision about 
whether each pixel is edge or not is made. Problematic re-
sults could be gained if each of the methods be used solely. 
It may causes on identifying of edge pixels as non edge pix-
els and vice versa.

Although different methods have been used for edge de-
tection, many of them are gradient based. Therefore in the 
first method, the gradient values are computed by the Sobel 
operator and then pixels with gradient value bigger than a 
threshold are edge candidate. The second used method for 
edge  detection  is  based  on  gray  level  standard  deviation 
(SD) [25]. In this method, for each pixel SD is computed by 
3×3 mask, shown in Fig. 1, over adjacent neighborhood pix-
els. Similarly pixels with SD grater than a threshold value 
are edge candidate.   

 
Fig. 1. Applied mask to compute standard deviation 

By considering two mentioned methods and a fuzzy idea, 
two computed values are used as fuzzy system inputs. The 
final decision  about edge candidate pixels is based on the 
output of this fuzzy system. Appropriate membership func-
tions are defined for  fuzzy system inputs.  To apply these 
functions, first both SD and gradient values are mapped to 
the range of [0 100]. Then both of the mapped values are 
classified to one of the low, medium, or high classes. The 
SD classes are shown by SD L , SD M , and SD H symbols. 

To separate different SD classes four different thresholds 
a 1 , c 1 , a 2 , and c 2  are used. So that if SD value is in the 
range of [0 c 1 ], then, the corresponding pixel is classified 
to SD L , for the range of [a 1 c 2 ], the pixel is classified to 
SD M, and finally for the range of [a 2 100], pixel is classified 
to SD H . The similar function and classes are defined for 
gradient value. In Fig 2 the defined classes and membership 
functions are shown. 

 
Fig. 2. The defined classes and membership functions

The output of fuzzy system explains to how extent a pixel 
could be edge. By the defined fuzzy rules, the output of this 
fuzzy system is classified to one of three classes. The first 
class, E L , correspond to pixels with low probability value 
to belong to edge pixels set.  In  the same way,  E M  corre-
sponds to medium probability and E H corresponds to high 
probability.  Output  membership  functions  are  shown  in 
Fig 3.

       
Fig. 3.Output membership functions

    If SD value of a pixel being equal to k 1 , and gradient be 
equal to k 2 , the fuzzy rules are defined as the following: 

1- If k 1 in SD L and k 2 in G L then P Edge classified to E L 
2- If k 1 in SD L and k 2 in G M then P Edge classified to E L 
3- If k 1 in SD L and k 2 in G H then P Edge classified to E M 

4- If k 1 in SD M and k 2 in G L then P Edge classified to E L 
5- If k 1 in SD M and k 2 in G M then P Edge classified to E M 
6- If k 1 in SD M and k 2 in G H then P Edge classified to E H 

7- If k 1 in SD H and k 2 in G L then P Edge classified to E M 
8- If k 1 in SD H and k 2 in G M then P Edge classified to E H 
9- If k 1 in SD H and k 2 in G H then P Edge classified to E H 

These rules are summarized in Fig 4. 

  
Fig. 4. Fuzzy system rule s 
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 B. Defuzzification 
Defuzzification is done using the following equation: 

∑ ×= ))(( jEdgeFinal CjPP (1) 
Where P Edge (j) is the pixel membership value in j'th class, 
and C j  is the j'th output class center. Corresponding Fig 3, 
classes center are determined as the following: 

 75.0,5.0,25.0 === HML CCC   (2) 
PFinal is the probability used for final pixel classification as 

edge  or  non-edge.  A pixel  with probability  grater  than  a 
threshold is classified as edge; otherwise it is classified as 
background. A typical appropriate threshold value is 1/2. 

To clarify the algorithm an example is explained.  Sup-
pose a pixel SD value equal to 75 and its gradient value is 
equal to 30. Considering these values and the membership 
functioned explained in the Fig 2:
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Regard to the computed membership values and defined 
fuzzy rules, it's clear that except fuzzy rules number 4, 5, 7, 
and 8, the other P Edge s are equal to zero. The non-zero P Edge 

s are computed as the following: 

 
And regard to Eq 2 and 3, P Final is equal to: 

 
Finally compared to the threshold equal to 0.5, pixel is clas-
sified as edge. 

IV. IMPLEMENTATION RESULTS 

The  proposed algorithm is  simulated  in  MATLAB and 
applied  on several  test  images.  The  results  are  compared 
with  the  other  edge  detection  methods  such  as  Sobel, 
Robert, and Prewitt. 

In first example, Baboon image is processed. The main 
image is shown in Fig 5.a. The extracted edges by the Sobel, 
Robert and Prewitt methods are shown in Fig 5.b, 5.c, and 
5.d. Finally, the edges extracted by the proposed algorithm 
are shown in Fig 5.e. As the Figure shown, the proposed al-
gorithm detects much more edge pixels, and superiority of 
the proposed algorithm is clear. 

The  same  experiment  run  over  other  test  images  are 
shown in this Figure. Similarly, extracted edges by different 
methods clearly show the superiority of the proposed algo-
rithm. 

            

            

            

                                  (a)                                           (b)                                            (c)                                            (d)                                         (e) 

Fig. 5. a) Main image, b) Sobel results, c) Robert results, 
d) Prewitt results, and e) Proposed fuzzy algorithm results 
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V. SUMMARY AND FUTURE WORKS 

In this paper, a fuzzy based new edge detection algorithm 
is proposed. Based on the primary edge detection methods, 
gradient and standard deviation computed at each pixel, and 
are used as fuzzy system input. The fuzzy system includes 
appropriate  defined membership function and fuzzy rules, 
decide about pixel classification as edge or non-edge. Ex-
perimental results show the higher quality and superiority of 
the extracted edges compared to the other methods in the lit-
erature such as Sobel, Robert, and Prewitt.  

In the proposed algorithm, to achieve good result, some 
parameters and thresholds are experimentally set. Automati-
cally determining these values needs to further researches. 
Improving fuzzy system performance by the ways such as 
using different  kind of  input,  different  fuzzy membership 
functions and rules  also need to  be investigated  in future 
works. 
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