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Abstract 
Edge detection is an important topic in computer vision 
and image processing. In this paper, we propose a novel 
fuzzy edge detector based on the fuzzy If-Then rules and 
edge continuity. We compare it with the popular edge 
detectors: Sobel and Canny edge detectors. The proposed 
fuzzy edge detector does not need parameter setting as 
Canny edge detector does, and it can preserve image 
details. It is robust to noise and can work well under high 
level noise situations, while other edge detectors cannot 
work well. We also discuss the related issues in designing 
fuzzy edge detectors. The experimental results demonstrate 
the superiority of the proposed method to existing ones.  
Keywords:  Edge detector, fuzzy If-Then rule, linguistic 
variables 

1. Introduction 

Fuzzy logic theory has been successfully applied to many 
areas, such as image processing, pattern recognition, etc [1]. 
Fuzzy logic has been applied to image enhancement [2], 
image segmentation and threshold value selection [3]. 
Edge detection is an important topic in computer vision 
and image processing, and it has many applications in the 
related areas. The edge pixels are the pixels whose grey 
levels have big difference with the gray levels of their 
neighborhood pixels. However, the definition of “big” is 
quite fuzzy and application-dependant. To deal with the 
ambiguity and vagueness in the definition of edge pixels, 
image edge can be defined as a fuzzy set. 

A fuzzy If-Then rule approach using fuzzy templates, 
also called fuzzy operators, to detect specific patterns of 
neighboring pixels was discussed in [4, 5]. Each 
neighboring pixel is defined as a linguistic variable [6], 
“bright” or “dark” pixel, based on the corresponding 
membership functions. Then a fuzzy aggregator operator is 
applied to these linguistic variables according to the 
defined fuzzy templates. Finally, the defuzzification is 
applied, and all the pixels in the image are classified as 
edge pixels or non-edge pixels. Different fuzzy template 
sets for the aggregator operations result different fuzzy 
edge detectors suitable for different applications. [5] used 8 
templates shown in Fig. 1(a), which are similar to Sobel 
templates. [4] used a different set of 16 templates. [7] 
applied the fuzzy approach in [5] to detect white line 
markings. People also tried to use the combinations of 
aggregator operators to smooth the noise, however these 
approaches are still quite sensitive to different kind of 

noise. [5] used arithmetic average aggregator to replace the 
minimum aggregator, and it claimed that the algorithm was 
robust to the noise, however, the algorithm was still quite 
sensitive to noise. [4, 5] used fuzzy inference rules without 
considering the continuity of the edges. [8] used fuzzy 
approach for road extraction. A road membership value is 
assigned to each pixel, and a set of 12 fuzzy templates 
representing basic 2D road structures is defined. The 
algorithm can only detect the bright road with one pixel 
width in low density aerial images.  

In this paper, we propose a novel fuzzy If-Then rule 
edge detector using the continuity characteristics of edges, 
and it can overcome the shortcomings of the above fuzzy 
edge detector algorithms. The improvements are: a) it is 
more robust to noise, even high level noise, b) it can 
preserve the image details, c) it outperforms other edge 
detectors. 

The paper is organized as follows: Section 2 
introduces some existing algorithms, Section 3 discuss 
newly proposed algorithm, Section 4 shows and explains 
the experimental results, and finally, Section 5 gives 
conclusions. 

2. The fuzzy inference rules without using 
edge continuity 

For comparison, we first discuss the fuzzy inference rules 
without considering the edge continuity. In order to decide 
if a pixel is an edge pixel, the gray level differences 
between the pixel and its 8-neighbor pixels (3*3 windows, 
as shown in Fig. 1(c)) are computed. The 4-neighbor pixels 
(pixel 2,4,6,8, that have a distance 1 with the central pixel 
Q) have more impact than other pixels (pixel 1, 3, 5, 7) on 
the decision. The gray level differences are fuzzified using 
the fuzzy membership function shown in Fig. 1(b). The 
Gray_dif (Q, i) is defined in Eq. (1).  The fuzzy 
memberships, NEG and POS in Fig. 1(b) are calculated by 
using the fuzzy templates in Fig. 1(a) [5]. Then they are 
processed by fuzzy reasoning to determine the fuzzy edge 
degree value of the pixel Q. First, rule 1 in Fig. 1(a) is 
calculated using Eq. (4), similarly for rule 2 to 7, and the 
MAX aggregator operator was used to find the fuzzy value 
of the pixel Q. After all the pixels have been fuzzified and 
processed, we defuzzify them using the global centroid 
method in Eq. (5), and combine it with the local 3*3 
template arithmetic average value as the threshold value to 
classify the pixels as edge pixels or non-edge pixels. 
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Figure 1 (a) Basic If-Then Rule, (b) Gray Level difference 
membership function, (c) A 3*3 window neighborhood 
 

In Fig. 1(b), 0L is 1 / 2  of the standard deviation of the 
gray levels of all the pixels.  
In order to discuss the algorithms in detail, the following 
formulas are defined: 
Gray level difference: 
Gray_Dif(Q, i) = Gray(i) - Gray(Q) and i {1, 2, ..., 8}∈ , as shown in 
Fig. 1(c).                                                                             (1) 
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M and N are the dimensions of the image. 
We also define the following operators and functions: 

 “∪ ” is the MAX operator. 
 “∩ ” is the weighted arithmetic average operator. For 

the ∩  aggregator operator, we will not use the MIN 
operator, because it is the strongest aggregator 
operator [1], and it is quite sensitive to noise. We will 
use the weighted arithmetic average operator, and the 
weight is decided as follows: if it is a 4-neighboring 
pixel, then the weight is 2, if it is an 8-neighboring 
pixel, then the weight is 1, since the 4-neighboring 
pixels have more impact on the central pixel than the 
diagonal neighbors. 

 “ 1∩ ” is the strongest MIN aggregator. Here we need 
a strong constraint on the edge continuity direction 
(only the minimum value will be reflected in the rule), 
and we want to get rid of the influence of the noise. 

 “ ” is the ordinary complement operator. 
 Defuzzification operator: we use the centroid operator 

in Eq. (5) and combine it with the local 3*3 template 
arithmetic average to classify a pixel as an edge pixel 
or non-edge pixel. 

 NEG and POS are the fuzzy membership functions 
defined in Fig. 1(b). 

R (Q)i , (i = 1, 2,…, 8) are the fuzzy rules associated with 
Fig. 1(a). 
The arithmetic representations of the fuzzy rules in Fig. 1(a) 
are: 

1R (Q)=NEG (Dif_gray(Q,1)) NEG (Dif_gray(Q,2))  
             NEG (Dif_gray(Q,8)) POS(Dif_gray(Q,4))
             POS(Dif_gray(Q,5)) POS(Dif_gray(Q,6))

∩ ∩
∩ ∩
∩

               (4) 

The centroid defuzzification is: 
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3. Fuzzy reasoning using edge continuity  

The following issues are important in designing fuzzy If-
Then rule edge detectors: 

 Selecting the fuzzy template is the key in the design 
of fuzzy If-Then rule-based edge detectors. The fuzzy 
template size can decide the width of the edges. 
Bigger fuzzy template means bigger edge width, and 
can preserve more detail information of the image. 

 Choosing suitable aggregators in the fuzzy If-Then 
rule sets is also very important.  

 Considering the differences between the edge pixels 
and the noise pixels can make fuzzy edge detectors 
more robust to noises, if the edge continuity is 
employed. 

 Selecting fuzzy membership function and making 
fuzzy membership function adaptive to the images is 
also very important. The fuzzy membership functions 
in [4, 5, 7, 8] are not adaptive to the images, therefore, 
it limits their performance. 

 Determining defuzzification method. There are many 
defuzzification approaches: Max-membership 
principle, Centroid principle, weighted-average 
method, Mean-max membership method, etc. [6]. 
Many of them use only global information. However, 
the thresholding value selection should base on both 
the global and local information [9]. 

By considering the above issues, we propose a novel 
fuzzy edge algorithm which is based on the fuzzy inference 
rules and uses the edge continuity: If a pixel is an edge 
pixel, then at least two of its neighboring pixels are also 
edge pixels due to the continuity. For the ending edge pixel, 
at least one of its neighboring pixels is an edge pixel. For 
simplicity, we do not distinguish the ending pixels from 
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other edge pixels. However, it will not affect the detection 
of the entire edge curve. 

The following 8 new fuzzy rules are defined. 
Rule 1 in Eq. (4) does not take into account of the two 

corner pixels: pixel 3 and pixel 7. The new Rule 1 is: if Q 
is an edge pixel, then pixel 3 and pixel 7 should also be 
edge pixels, and the constraint of Rule 1 makes pixel 3 and 
pixel 7 match Rule 1, Rule 5, or Rule 7, if they are edge 
pixels. As shown in Fig. 2, the central pixel is Q, pixels 1-8 
are its neighboring pixels, “?”s represent the pixels that are 
not considered in Section 2. Rule 1, Rule 5, or Rule 7 is 
applied to Q’s left-above neighboring pixel 3. And pixel 
3’s 8 neighboring pixels are pixels 3i{i=1,2,…,8}, , if pixel 
3 matches Rule 1, and pixel 7 which is the down-right 
neighboring pixel of Q, also matches Rule 1, then the 
template becomes the one shown in the right part of Fig. 2. 
Pixel 7’s 8 neighboring pixels are pixels7i {i=1, 2,…,8}. 
The above rule can be represented as Eq. (6).  
Similarly, we can get all the other new Rules 2 to 8.  

1 1 1 5 7 1

2 3 4 6 8

1 5 7 1

2 3 4 6 8

New_R (Q)=R ( ) ((R (3) R (3) R (3))

                      (R (3) R (3) R (3) R (3) R (3)))
                      ((R (7) R (7) R (7))

                      (R (7) R (7) R (7) R (7) R (7) ))

Q ∩ ∪ ∪ ∩

∪ ∪ ∪ ∪ ∩

∪ ∪ ∩

∪ ∪ ∪ ∪

        (6) 

The following algorithm is proposed:  
For each pixel Q: 
1) Compute the gray differences, Gray_Dif(i) = Gray(i)-
Gray(Q), (i = 1… 8), i is the index of the neighboring 
pixels. 
2) Based on the membership functions NEG and POS (Fig. 
1(b)), fuzzify the grey level differences Gray_Dif(i) 
(i=1…8), and compute New_R (Q)1 ,  

2New_R (Q) , 3New_R (Q)  , 4New_R (Q)  , 5New_R (Q)  ,

6New_R (Q)  , 7New_R (Q)  , 8New_R (Q)  , respectively. 
3) Calculate: 

1 2 3 4

5 6 7 8

µ(Q)=max{New_R (Q),New_R (Q),New_R (Q),New_R (Q),
New_R (Q),New_R (Q),New_R (Q),New_R (Q)}

 

4) Defuzzify the result using Eq. (7). 
edge pixel                    if  ( )

Q is 
non-edge pixel        otherwise

Q Tµ ≥⎧⎪
⎨
⎪⎩

                       (7) 

Where *

maxmax((0.8* 0.2 * ), )localT Z µ µ= + , maxµ is the 

global maximum membership of the image, and localµ is the 
mean membership of the local 3*3 window. 

4. Experimental results 

In order to demonstrate the performance of the proposed 
approach, we have conducted a lot of experiments on 
various images. Fig. 3(a) is the original image Lena with 
dimensions of 512*512 and 256 gray levels. Fig. 3(b) is the 
result of Canny edge detector [10] with the default 
parameter of the MATLABTM software and Fig. 3(c) is the 

result of Sobel edge detector [9] using the default 
parameter of the MATLABTM software. Fig. 3(d) is the 
result applying the fuzzy If-Then rule without considering 
the edge continuity. Fig. 3(e) is the result applying the 
fuzzy If-Then rule using the edge continuity. Compared 
with the Sobel edge detector, the fuzzy detector can detect 
more edges and keep more details, and compared with the 
Canny edge detector, the Canny edge detector can make 
the edge thinner, but the fuzzy edge detector can keep the 
details of Lena’s eyes. Compared with the fuzzy edge 
detector without using the edge continuity, the fuzzy edge 
detector using the edge continuity is more robust to the 
noise, especially it can remove the small speckles on 
Lena’s face and head. 

Fig. 3(f) is the Lena image corrupted by 5% salt and 
pepper noise. With more noise, the results of Sobel in Fig. 
3(g) and Canny edge detectors in Fig. 3(h) become worse, 
but the fuzzy edge detector using edge continuity still 
works quite well, even with 5% salt and pepper noise, as 
shown in Fig. 3(i) and 3(j), respectively. 

As discussed before, fuzzy template selection is a key 
step in designing of a fuzzy If-Then rule based edge 
detectors. The fuzzy template size can decide the width of 
the edge. Bigger fuzzy template causes wider edge width 
and preserves more details of the image. 
There are many different defuzzification approaches, some 
methods only consider global information, and some only 
consider local information, and some consider both global 
and local information. We use centroid method here. 

5. Conclusions 

Edge detection is an important topic in computer vision 
and image processing. Many edge detectors were 
developed. However, some of them have difficulty in the 
selection of parameters such as Canny edge detector, and 
most of them are very sensitive to the noise. Experimental 
results demonstrate that the newly proposed fuzzy If-Then 
rule based edge detector using edge continuity can 
overcome the above problems, especially, it works well 
with noisy images that cannot be done by other edge 
detectors.  
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Figure 2 New rule 1 
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Figure 3 (a) Original Lena image. (b) the result using Canny 
operator. (c) the result using Sobel operator. (d) the result 
applying fuzzy operator without using edge continuity. (e) the 
result applying fuzzy edge detector using edge continuity.  (f) 
Original Lena image with 5% Salt and Pepper noise. (g) the result 
using Canny operator. (h) the result using Sobel operator. (i) the 
result applying fuzzy operator without using edge continuity. (j) 
the result applying fuzzy edge detector using edge continuity 
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