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Abstract— Image processing techniques can identify shades, colors and relationships that cannot 

be perceived by the human eye. It is used to solve identification problems, such as in security 

measures, forensic, medics or in creating weather maps from satellite pictures. It processes 

bitmapped graphics formatted images that was obtained from scanning the image or captured 

with digital cameras. Image edge detection is a process of locating the edge of an image which is 

important in finding the approximate absolute gradient magnitude at each point I of an input 

grayscale image. Edge detection is used for extracting important features of an image. These 

features can be used by higher-level computer vision algorithms. There is more than one 

algorithm available for edge detection. The mainstream algorithms are Robert cross, Prewitt, 

Sobel, Canny and Laplacian of Gaussian. In medical imaging field, they can be used in detecting 

important edges on an X-ray image. Though it has not reach perfection. Therefore, better 

resulting image of an edge detection algorithm is needed. One of the newest ways to enhance an 

image is with applying quantum physic theory into image processing. The comparison analysis in 

determining the better algorithm is done by using MATLAB. 

 

I. INTRODUCTION 

Higher level image processing such as 

biometric, object recognition and many others 

uses edge detection in the process. The ongoing 
development in image processing field has 

made many industry use image processing in 

many products as in security, medical imaging 
for analysis support, and even surgery. In the 

medical field image processing applications 

such as MRI and mammography has been 

implemented.  Though most of those 
applications have low error rate, a low precision 

or false recognition can still occur. 

Image has long been one of the most 
informative medical information sources. Some 

medical image cannot be seen with the naked 

eye; however by using a variety of imaging 
techniques (X-rays, ultrasound waves, etc.) 

medical image could be obtained. The most 

important purpose of medical imaging is to 

provide diagnostic information. This diagnostic 
information is derived by interpreting or 

analyzing the image. Generally, physician-

specialist is undertaking the medical image 
interpreting or analyzing work. In recent 

decades, an analog medical image acquisition 

was changed by the digital technology and 

imaging-interpretation-analysis has become a 
technical - as well as scientific - objective. The 

increasing number of images and the desire to 

reduce the human subjectivity encourage the 

development and improvement of image 
processing and analysis algorithms. 

These facts have roused the need for the most 

effective way of recognition in images. As 

mentioned before, higher level image 
processing use edge detection in the process. 

Many edge detection methods have been 

proposed and used. Though different edge 
detection method works better under different 

conditions, an application used for image 

processing will work more efficiently by using 
one method instead of choosing many methods 

automatically each time an image need to be 

processed. Three edge detection algorithms that 

are used most often in image processing for 
medical purposes are Prewitt, Sobel, and 

Laplacian of Gaussian. These algorithms are 

provided by MATLAB. [1][2][6]. 
Though there are many edge detection 

algorithms provided, none seems to have 

reached perfection. Recently, quantum 
mechanics begins to be applied in many aspects 

of computer science and also in digital signal 

processing. For example, Shor method shows 

that integer factoring can be conducted in 
polynomial time on a quantum computer. By 

borrowing the principle of quantum mechanics 

many interesting research potentials in 
developing new computing methods and signal 

processing algorithms can surface. This paper is 



presenting and comparing a quantum digital 

image processing algorithms to three other edge 
detection algorithms.  

The result of this comparison evaluation will 

help the development of information technology 

specifically in the field of image processing and 
computer vision. 

 

II. RELATED WORK 

[3] have done comparison Sobel edge detector, 

Prewitt, Roberts, Laplacian of Gaussian and 
Canny edge detector. In their research detected 

edges are diven the thresholding with the 

gradient function, the LoG filter and applied 
Gaussian filter derivative on the gradient. The 

investigated methods are also checked by 

quality measures that can give reliable 
statistical evidence to differentiate among the 

edge maps obtained. They give tables that 

describe the relative frequencies of the 

occurrence of edge pixels in the previous filters. 
Their statistical analysis of the performance 

gives a robust conclusion for this complicated 

class of images and they vaguely state that 
Canny is the best out of the others. 

 [7] have compared image halftoning methods 

which are binary threshold method, ordered 

dithering, error diffusion and their proposed 
method which uses quantum mechanics 

principles. Their research explains a few image 

processing methods and that works in a 
quantum computer and how to reap advantages 

of a quantum system. They do not provide any 

code or pseudo code but only mathematical 
concept of their method. Their analysis states 

that their proposed method is the best out of the 

others. 

[8] developed a new digital image processing 
algorithm which applies the principle of 

quantum mechanics. These algorithms include 

the image halftoning algorithm, edge detection 
method and visual cryptography. In their 

research the pixel of input image is 

transformed into superposition of multiple 
quantum states. Then, the quantum 

measurement outcome is obtained and 

transformed into the desired output value. Here 

they state that their proposed image halftoning 
algorithm is superior, proposed edge detection 

method is comparable to sobel and proposed 

visual cryptography vaguely said to be in need 
of further research. 

 

III. METHODOLOGY 

In order to do the research in comparative 

analysis of six edge detection methods, there 
are several steps to be done. These steps 

include information collecting, data 

preprocessing, sample preprocessing, analysis 

and finally the output. In testing the quality of 
an edge detector there are a few criteria 

proposed. According to [2] there are five 

distinct criteria commonly used for testing the 
quality of an edge detector: 

1. The probability of a false positive 

(marking something as an edge 
which isn’t an edge) 

2. The probability of a false negative 

(failing to mark an edge which 

actually exists) 
3. The error in estimating the edge 

angle 

4. The mean square distance of the edge 
estimate from the true edge 

5. The algorithm’s tolerance to distorted 

edges and features such as corners 
and junctions 

[2] claimed that the first two criteria is the most 

important since proper features labeled as 

edges is much more important than having 
each edge exactly ideal or the ability to handle 

corners and junctions. 

To determine the third and fourth criteria, 
knowledge of an exact map of the edges in an 

image is needed which is usually unavailable. 

It is also almost impossible to construct the 

exact map of all the edges. Therefore, these 
criterions are not crucial. There is also the fact 

concerning the fifth part where corners and 

junctions must be considered separately since 
no algorithm handled it well.  

There are also three Canny’s criteria to 

determine the efficiency of an edge detector 
which are: 

1. Good detection: all edges have to be 

detected (without losing certain pixels on 

the edge to be found) 
2. Good localization: the edges have to be 

located in their ideal positions  

3. Low multiplicity of the response: detector 
does not give multiple responses or false 

edges. [5] 

These three Canny’s criteria have similar 
meaning with the first two criteria of [6]. 

Therefore in this research, only the criteria of 

the probability of a false positive and the 

probability of a false negative are considered. 
In the comparing process for every test group, 

images processed by the group’s edge 



detections (group 1: Prewitt, group 2: Sobel, 

group 3: Laplacian of Gaussian) are compared. 
Since there three groups the comparing process 

conducted in this manner: 

1. Compare images processed by edge 

detection method of Prewitt with images 
processed by edge detection method of 

Prewitt after being enhanced by Quantum 

mechanics. 
2. Have Result PA 

3. Compare images processed by edge 

detection method of Sobel with images 
processed by edge detection method of 

Sobel after being enhanced by Quantum 

mechanics. 

4. Have Result SA 
5. Compare images processed by edge 

detection method of Laplacian of Gaussian 

with images processed by edge detection 
method of Laplacian of Gaussian after 

being enhanced by Quantum mechanics. 

6. Have Result LA 
7. Compare images from Result PA, SA and 

LA 

8. Have Result Final 

 
A. Images for Prewitt Algorithm Comparison 

The images on Figure 1 show the images 

processed by Prewitt Edge detection 

Algorithm and the images processed by 

Prewitt Edge detection Algorithm after going 

through the Quantum Enhancement. An 

elaboration on the affectivity of an edge 

detection method using the two criteria 

explained above (the probability of a false 

positive and the probability of a false negative) 

will be provided.  

 

   Original           Prewitt             Quantum  

                                                     Prewitt 

Figure 1 Images processed by Prewitt Edge 

detection Algorithm before and after 

Quantum Enhancement 

 

Please note that the comparing is done 

manually, not by using a program. The 

MATLAB program was used to run the edge 

detection method on the desired image. The 

first criterion is the probability of a false 

positive. 

1. Prewitt: 

False positive rate can be seen at the images 

knee and pelvis x-ray. Prewitt often marks 

insignificant shadows as a clear line. In knee x-

ray the easiest false positive to be seen is at the 

kneecap while in pelvis x-ray the easiest false 

positive to be seen is at the femur area. 

2. Quantum enhanced Prewitt: 

False positive rate is hardly seen since many 

important lines are missing. The insignificant 

shadows lines seen in images using Prewitt 

without quantum mechanics enhancement are 

lessening slightly. 

 

The second criterion is the probability of a 

false negative. 

1. Prewitt:  

False negative rate can be seen easily within 

the ribs and teeth x-ray. Many edges of the ribs 

are not marked as an edge. Some important 

lines such as in collar bone and shoulder blade 

are almost completely blank. This also 

happens in teeth x-ray where the edges 

between the teeth are not fully marked.   

2. Quantum enhanced Prewitt: 

False negative rate are easily seen in the whole 

images. The images especially the ribs and 

teeth x-ray lost its important edges information. 

Without the original image it would be 

difficult to recognize the bone parts. 

 

B. Images for Sobel Algorithm Comparison 



 
    Original          Sobel          Quantum Sobel 

Figure 2 Images processed by Sobel Edge 

detection Algorithm before and after 

Quantum Enhancement 

 

The first criterion is the probability of a false 

positive. 

1. Sobel: 

In the images of knee and pelvis x-ray false 

positive rate can be seen. Sobel often marks 

insignificant shadows as a clear line. The 

easiest false positive to be seen is at the knee 

x-ray image, on the kneecap while in pelvis x-

ray the easiest false positive to be seen is at the 

leg joints area. 

2. Quantum enhanced Sobel: 

False positive rate is hardly seen since many 

important lines are missing. Missing lines such 

as the discontinued femur lines and also the 

untraceable fibula are easily spotted. The 

insignificant shadows lines seen in images 

using Sobel without quantum mechanics 

enhancement are lessening slightly. 

The second criterion is the probability of a 

false negative. 

1. Sobel:  

False negative rate can be seen easily within 

the ribs and teeth x-ray. Many edges at areas 

such as ribs, collar bone and shoulder blade are 

not marked as an edge and almost completely 

blank. In teeth x-ray the edges between teeth 

and lines mandible are not fully marked.   

2. Quantum enhanced Sobel: 

False negative rate are easily seen in the whole 

images. The images especially the ribs and 

teeth x-ray lost its important edges information 

and it would be difficult to recognize the bone 

parts. While the pelvis and knee x-ray still 

recognize able although lost many important 

thin edges. 

 

C. Images for Laplacian of Gaussian 

Algorithm Comparison 

 
     Original         Laplacian        Quantum 

                                                   Laplacian 

Figure 3 Images processed by Laplacian of 

Gaussian Edge detection Algorithm before 

and after Quantum Enhancement 

 

The first criterion is the probability of a false 

positive . 

1. Laplacian of Gaussian: The false positive 

rate occurs in the whole image. Laplacian of 

Gaussian can detect the slightest edges as a 

result many insignificant edges such as 

shadows or dimmed parts of the x-ray are 

marked as a clear line. 

2. Quantum enhanced Laplacian of 

Gaussian: The occurrence of false positive is 

inevitable, but in images processed by 

Quantum enhanced Laplacian of Gaussian the 

false positive occurance is far less than in 

Laplacian of Gaussian processed images. This 

can be easily seen in the rib x-ray where the 

upper arm and spaces between ribs are not as 

crowded. 



The second criterion is the probability of a 

false negative. 

1. Laplacian of Gaussian: The false negative 

occurs at several parts of the images. The 

easiest to be seen is at the right pelvis area 

where the thin line between pelvis and femur 

is missing. In the teeth x-ray Laplacian of 

Gaussian also fail to clearly mark the jaw line. 

2. Quantum enhanced Laplacian of 

Gaussian: The occurrence of false negative is 

not far than the images processed by Laplacian 

of Gaussian where the right pelvis area where 

the thin line between pelvis and femur is 

missing. In the teeth x-ray, the jaw line is 

marked better than the image processed by 

Laplacian of Gaussian. 

 

D. Images for Final Comparison 

After three comparisons done, the better edge 

detection method within each group is known. 

In the first and second comparison group it is 

clear that the edge detection methods function 

better without using quantum enhancement. 

Therefore for the first group, Prewitt edge 

detection algorithm is performing better than 

quantum enhanced Prewitt edge detection 

algorithm. For the second group, Sobel edge 

detection algorithm is performing better than 

quantum enhanced Sobel edge detection 

algorithm. On the contrary, for the third group 

quantum enhanced Laplacian of Gaussian edge 

detection algorithm perform better than 

Laplacian of Gaussian edge detection 

algorithm. 

Amogst all three, another comparison that 

serve as the final comparison is conducted. The 

comparison is done to compare Prewitt edge 

detection algorithm, Sobel edge detection 

algorithm and quantum enhanced Laplacian of 

Gaussian edge detection algorithm. 

 
        Prewitt              Sobel                Quantum  

                                                          Laplacian 

Figure 4 Images processed by Prewitt, Sobel 

and processed by Quantum and Laplacian of 

Gaussian 

 

The first criterion is the probability of a false 

positive. 

1. Prewitt edge detection algorithm, Sobel 

edge detection algorithm and quantum 

enhanced Laplacian of Gaussian edge 

detection algorithm. Overall, Prewitt and 

Sobel relatively have the same rate of false 

positive. They often mark insignificant 

shadows as a clear line. The easiest false 

positive to be seen is at the knee x-ray image, 

on the kneecap while in pelvis x-ray the easiest 

false positive to be seen is at the leg joints area. 

While quantum enhanced Laplacian of 

Gaussian do false positive mostly in the inner 

area of the bones. 

The second criterion is the probability of a 

false negative. 

 

1. Prewitt edge detection algorithm, Sobel 

edge detection algorithm and quantum 

enhanced Laplacian of Gaussian edge 

detection algorithm. False negative massively 

occurred in Prewitt and Sobel as compared to 

quantum enhanced Laplacian of Gaussian. It is 

easily seen in the images of teeth and knee x-

ray where many significant lines are not 

marked as edges. 



IV. RESULT 

The comparison is done using two parameters, 

the probability of a false positive and the 

probability of a false negative. From the 

comparisons done in the same group, it is 

known that the edge detection method Prewitt 

and Sobel provides better result without using 

quantum mechanics enhancement. Laplacian 

of Gaussian edge detection algorithm provides 

better result with using quantum mechanics 

enhancement. 

 

As from the comparisons done after having the 

result from the same group comparison, it is 

known that the edge detection method 

Laplacian of Gaussian with quantum 

mechanics enhancement is the best form the 

three compared (Laplacian of Gaussian with 

quantum mechanics enhancement, Prewitt and 

Sobel without using quantum mechanics 

enhancement). From the last comparison it can 

be seen that Laplacian of Gaussian with 

quantum engancement provides a better image 

result than other methods. A whole 

comparison summary in a form of quantitative 

table is provided in Table 2. 

 

V. CONCLUSIONS AND FUTURE WORKS 

A. Conclusions 

Three edge detection methods are compared 

using two parameters. The edge detection 

methods are Prewitt algorithm, Sobel 

algorithm and Laplacian of Gaussian 

algorithm. 

Table 1 Edge Detection Methods Quantitative 

Evaluation Values 

Values 
Parameter 1 

False positive 

Parameter 2 

False Negative 

0 

All blank 

spaces are 

marked 

All existing 

edges are left 

empty 

1 

Small parts of 

the blank 

spaces are left 

empty 

Small parts of 

the existing 

edges are 

marked 

2 

Moderate parts 

of the blank 

spaces are left 

empty 

Moderate parts 

of the existing 

edges are 

marked 

3 

Almost all parts 

of the blank 

spaces are left 

empty 

Almost all parts 

of the existing 

edges are 

marked 

4 
All blank 

spaces are left 

empty 

All existing 

edges are 

marked 

 

Table 2: Edge Detection Methods Quantitative 

Evaluation Summary 

Method Parameter 

1 False 

positive 

Parameter 

2 False 

Negative 

Total 

Prewitt 3 2 5 

Prewitt with 

Quantum 

enhancement 

3 1 4 

Sobel 3 2 5 

Sobel with 

Quantum 

enhancement 

3 1 4 

Laplacian of 

Gaussian 

3 3 6 

Laplacian of 

Gaussian 

with 

Quantum 

enhancement 

4 3 7 

 

The two parameters used are the probability of a 

false positive or marking something as an edge 

which isn’t an edge and the probability of a false 

negative or failing to mark an edge which actually 

exists. 

Thirty sample images are used. The images are 

divided into three image groups. First group is 

images processed by Prewitt edge detection 

algorithm and are images processed by Prewitt 

edge detection algorithm after being enhanced by 

quantum mechanics. Second group are images 

processed by Sobel edge detection algorithm and 



are images processed by Sobel edge detection 

algorithm after being enhanced by quantum 

mechanics. Third group are images processed by 

Laplacian of Gaussian edge detection algorithm 

and are images processed by Laplacian of 

Gaussian edge detection algorithm after being 

enhanced by quantum mechanics. Each image is 

converted into grayscale prior to be processed by 

three edge detection method. All thirty images are 

processed and compared. 

In order to process and compare the thirty samples, 

a program is made using MATLAB. The source 

code and the comprehension of the source code 

are provided in chapter four. The program allows 

user to freely choose the image to be processed 

although it does not provide multiple image 

processing.   

As written in chapter four, four comparison steps 

were conducted. First is the comparison of first 

image group processed by Prewitt and Prewitt 

with quantum mechanics enhancement. Second is 

the comparison of second image group processed 

by Sobel and Sobel with quantum mechanics 

enhancement. Third is the comparison of third 

image group processed by Laplacian of Gaussian 

and Laplacian of Gaussian with quantum 

mechanics enhancement.  Fourth is the 

comparison of all image group processed by 

Prewitt without quantum enhancement, Sobel 

without quantum enhancement and Laplacian of 

Gaussian with quantum enhancement. 

From all the comparisons done for the first 

through the third group using two parameters and 

thirty images processed in MATLAB, the best 

edge detection method is known. The edge 

detection method Laplacian of Gaussian with 

quantum enhancement has resulted to be the best 

edge detection method in this research. Though 

different edge detection method may work better 

under different circumstances, in this research 

Laplacian of Gaussian with quantum 

enhancement proves to be superior to the other 

edge detection method. 

 

B. Future Works 

In this research, the edge detection process of the 

images is done using MATLAB. The comparison 

was conducted by using thirty images, three edge 

detection method, quantum mechanics 

enhancement and two parameters. The program 

made and used in this research does not support 

repetition or looping for processing multiple 

images without user interference. Therefore, 

future research should do the comparison using 

more edge detection methods, more parameters 

and more images to have an even better 

comparison result. As an addition, a program that 

supports edge measurement operator based on 

fuzzy entropy, multiple images processing or 

doing automatic looping is also advised. 

 

VI. REFERENCES 

[1] M. Ahmad and T. Choi, Local Threshold 

and Boolean Function Based Edge 

Detection IEEE Transactions on 

Consumer Electronics, 1999. 

[2] S. S. Ehsan Nadernejad and H. 

Hassanpour, Edge Detection Techniques: 

Evaluations and Comparison’s. 

[3] M. Juneja and P. S. Sandhu, Performance 

Evaluation of Edge Detection 

Techniques for Images in Spatial Domain, 

2009. 

[4] Muthukrishnan.R and M.Radha, Edge 

Detection Techniques For Image 

Segmentatio, 2011. 

[5] J. Sachs, Digital Image Basics, 1999. 

[6] N. Senthilkumaran and R. Rajesh, Edge 

Detection Techniques for Image 

Segmentation A Survey of Soft 

Computing Approaches, 2009. 

[7] Mohammad Rastegari, Quantum 

approach to Image processing, 2007 

[8] Chien-Cheng Tseng, Tsung-Ming 

Hwang, Quantum Digital Image 

Processing Algorithms, 2003

 


