
Sumer University Journal for Pure Science (ISSN: 2790-7031) 

SUJPS 2022 (November), Vol. 1, No. 1, p.p.: 612-625 
 

612 

(QPIE:QHED) Edge Detection   Using Optimal Feature Subset Selection 

Based on  Detection of  for Quantum Image Processing 

Zainab Hammoodi Noori 

Ministry of Education, Karbala Education Directorate, Karbala 56001, Iraq. 
  
 

Abstract 

 Image processing and detection are natural extensions of detecting the edges, curves, and areas of 

sudden changes in brightness or, more specifically, missing pixels. Edge detection is a set of 

mathematical algorithms. Change detection is a term used to describe the process of identifying 

discrete changes in single-digit data. The dimension. The ability to detect and remove image 

edges is fundamental to image processing and computer and machine vision. One way to detect 

and remove features from images is to use edge detection. In this work, we first provide an 

overview of research in this area, and then list some of the concerns that have been raised 

regarding rapid development and its achievement. We see “quantum image classification and 

recognition” as the ideal application to showcase the potential of quantum technology. Quantum 

Probabilistic Image Encoding (QPIE:QHED) was used in our study to transform classical data 

into quantum states. It is necessary to apply quantum algorithms to classical problems, a method 

for quantum Hadamard edge detection, and also uses them to process quantum image data, often 

produced by QPIE, using QHED, a modern edge detection technique. Quite simply, QHED is a 

technology for precise edge detection in images that uses quantum computing. 

Keywords: Edge Detection, , Quantum Hadamard Edges,  Quantum Probability 

Image Encoding QPIE, Quantum Image Processing QHED, Optimal Feature Subset 

Selection, Quantum Principal Component. 

 
(QPIE:QHED)     اكتشاف الحواف باستخدام التحديد الأمثل للمجموعة

 الكمومية الفرعية للميزات استنادًا إلى اكتشاف معالجة الصور 

 زينب حمودي نوري 

 وزارة التربية ، تربية محافظة كربلاء  

 

 الخلاصة 

التغييرات       ذات  والمناطق  ومنحنياتها  الرقمية  الصورة  طبيعية لاكتشاف حواف  امتدادات  واكتشافها  الصور  معالجة  تعد 

من   مجموعة  وهي  الحواف،  اكتشاف  مهمة  هي  المفقودة  البكسل  وحدات  تحديداً،  أكثر  بشكل  أو،  السطوع  في  المفاجئة 

خدم لوصف عملية تحديد التغييرات المنفصلة في البيانات أحادية  الخوارزميات الرياضية، واكتشاف التغيير هو مصطلح يست

تتمثل إحدى  الكمبيوتر والآلة.  الصور ورؤية  لمعالجة  أمرًا أساسياً  الصورة وإزالتها  اكتشاف حواف  القدرة على  البعد. تعد 

دم أولاً نظرة عامة على طرق اكتشاف الميزات وإزالتها من الصور في استخدام ميزة اكتشاف الحواف. في هذا العمل، نق

أن  نرى  نحن  وتحقيقها.  السريعة  بالتنمية  يتعلق  فيما  أثيرت  التي  المخاوف  بإدراج بعض  نقوم  ثم  المجال،  هذا  في  الأبحاث 

"تصنيف الصور الكمومية والتعرف عليها" هو التطبيق المثالي لعرض إمكانات تكنولوجيا الكم. تم استخدام ترميز الصور 

الكم إلى حالات كمومية. من الضروري تطبيق   (QPIE:QHED) وميةالاحتمالية  الكلاسيكية  البيانات  لتحويل  في دراستنا 

لمعالجة  أيضًا  تستخدمها  و  الكمومية،  هادامارد  حافة  عن  للكشف  طريقة  وهي  الكلاسيكية،  القضايا  على  الكم  خوارزميات 

تنتجها ما  غالباً  التي  الكمومية،  الصورة  باستخدا QPIE بيانات  بكل  QHEDم،  الحواف.  عن  للكشف  حديثة  تقنية  وهي   ،

 .هي تقنية للكشف الدقيق عن الحواف في الصور التي تستخدم الحوسبة الكمومية QHEDبساطة، 
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1. Introduction  

    If an edge detector is doing its job well, it should be able to extract a network of curves from an image that 

indicate the locations of objects, surface marks, and orientation changes. By applying an edge detection 

approach to a picture, we may significantly lessen the amount of data processing required without losing any of 

the picture's important structural properties. If the edge detection works as expected, deciphering the image 

could be a breeze. It isn't always feasible to achieve such sharp boundaries, even with fairly straightforward 

real-world images. Problems with non-simple images might arise when edges aren't connected, when there aren't 

enough edges, or when they don't correspond to anything interesting in the picture. It is increasingly difficult to 

understand the pictures because of this. The first and most important stage in many analysis, pattern recognition, 

and computer vision approaches is to find the edges of the picture.  

algorithm for large numbers has been a primary motivator for advancing the field of quantum computation 

(Quantum Probability Image Encoding QPIE, Quantum Image Processing QHED). One notable motivation 

behind the use of QPIE, QHED is that they require substantially fewer qubits than pixels in classical images. If 

you have an N-pixel image, you only need log₂(N) qubits. For every n qubit, you also have the ability to create 

2^n states with superposition; therefore, improved processing power and computation times are used even with 

large and complex data sets, so the number of pixels used is minimized, leading to the best possible processing.   

Two separate types of edges may be identified in a two-dimensional picture of a three-dimensional picture. The 

perspective from which the picture was taken is an important consideration in one approach. You may learn a lot 

about a three-dimensional object's shape and marks from its edges, which are always visible no matter where 

you are. A viewpoint dependent edge is one whose appearance changes when the observer moves their point of 

view. When one object obscures another's vision, for example, this type of edge usually represents the geometry 

of the scene [1], [2]. 

      For instance, a common edge may be the border between the red and yellow blocks that are next to each 

other. Contrarily, a line must to be a few pixels broad and a different color on a background that is otherwise 

static. A ridge detector can pick this up. Two lines can be considered to have one edge each [3]. 

Quantum picture processing is one area of research within the broader field of quantum data and computation. 

One kind of quantum data is quantum information protocols, more often known as QIPs. It delves into the 

prospect of showing pictures on a quantum computer that use quantum physics and then doing different things 

with those pictures depending on how they're shown. Since QIP takes advantage of quantum parallel computing, 

it naturally outperforms traditional image processing []. The reason behind this is the fact that quantum states 

can be entangled or superimposed. Even if some works use the idea of quantum superiority to make things more 

complicated, there is a lot of talk about QIP. 

    Most often used methods for finding edges are search-based techniques and zero-crossing-based methods. In 

order to find edges, most people use search-based methods, which initially find an edge strength measure such 

the gradient magnitude. Next, they look for local directional maximums of the gradient magnitude using a 

computed estimate of the edge's local orientation, like the direction of the gradient [4]. Finding edges in an 

image is accomplished using zero-crossing based techniques by looking for places where the resultant second-

order derivatives expression crosses zero. No straight line may pass across the Laplacian with the expression, 

and thus leads to what are known as zero-crossings. Prior to looking for edges in a picture, the smoothing stage, 

also known as Gaussian smoothing, is usually performed [5].  

 

Figure 1. Edge Analytics 

 There are a number of different edge detection approaches that vary mostly in the smoothing filters they 

employ and the strength metrics they utilize. Not all edge recognition techniques utilize the same filters to 

determine x- and y-coordinate picture gradients[6]. 
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       2. Related work     

      John Canny investigated the computational difficulty of finding the best smoothing filter to meet specific 

needs in detection of edges, localization, and reduction. Here, he proved that the best filter is the result of adding 

four exponential components[7],[8]. Additionally, he proved that this filter, being a first-order derivatives of 

Gaussians, provides a decent estimate [9]. In addition, he brought up the concept of "non-maximum 
suppression," which means that when the presmoothing filter is applied, the edge points are those places where 

the amplitude of the gradient has a local maximum along the gradient's direction. The idea of looking at 

gradients direction for a zero crossing of the second derivatives was first proposed by [10].  That took fewer 

than twenty years to understand in terms of modern geometric variation, to paraphrase the operator. The zero-

crossing of the Laplacian is foundational to the Marr-Hildreth edges detectors, which it is linked to. Alfred 

Bruckstein and Ron Kimmel both put forth this concept in [11]. 

 

Figure 2. Canny Based Edge Evaluations 

    Although his work is rooted in the early days of computer vision, the Canny edge detection (and all its 

variants) remain the best method for discovering edges in a computer image. More parameters or more 

computation time is required for edge detectors that are stronger than the Canny[10][27]. The Canny-Deriche 

detector is similar to the Canny edge detector in theory, but it takes a different approach, using recursive filters 

to smooth out images instead of exponential or Gaussian ones [12]. 

 

      One way to look at the following differential edge detector is as a scale space representation-based 

reinterpretation of Canny's technique using differential invariants [13]. Both theoretical studies and real-world 

applications at the sub-pixel level can profit from this. That is why the Log Gabor filter works in the actual 

world when it comes to finding edges [13, 14]. 

 
      Removing extraneous detail from an image's edges is what "thinning the margins" is all about. This 

approach can be applied after the image has undergone noise filtering (with a median or Gaussian filter, for 

example), edge detection using the edge operator, and edge smoothing with the appropriate threshold value. 

When done correctly, this removes unnecessary points and produces elements with edges which are precisely 

one pixel thick[15],[16]. 

3. Thresholding  
      After that, we'll use a threshold to check if a certain pixel in the image has any edges. Once an edge strength 

measure, such the gradient magnitude, has been calculated, this is executed. With a lower threshold, the picture 

is more susceptible to noise and characteristics that don't exist. On the other hand, you risk missing nuanced 

nuances or giving the idea that they are shaky if your threshold is exceptionally high[17][18]. 

 
      Typically, thick edges will be produced when the edge is applied just to the gradient magnitude picture. 

This need post-processing edge thinning in order to thin them out. The edge curves for edges that aren't 

completely suppressed are narrow by definition, and an edge linking (edge tracking) method can join edge 

pixels to form an edge polygon[19]. For a discrete grid, non-maximum suppression may be achieved by using 

first-order derivatives to determine the gradient direction, rounding it down to multiples of 45 degrees, then 

comparing the magnitude values of the gradient in that direction to the values on the grid. 

 



Zainab Hammoodi Noori                      SJPS 2026 (June), Vol. 5, No. 1, p.p.:612-625 

615 

      One common approach to the problem of establishing suitable thresholds is hysteresis-based thresholding. 

Using a mixture of criteria, this technique detects edges. We first use the higher threshold to find the first stage 

in an edge's creation [20]. We mark an edge as we go along by tracking its movement across an image pixel by 

pixel and stopping when we reach a specific threshold. We cease to demarcate the region whenever the number 

falls below a specific threshold [21]. The underlying premise of this method is that edges will normally be 

located along continuous curves. Without classifying each and every noisy pixel as an edge, we may instead 

follow a faint trace of an edge that we are already familiar with. The ideal thresholding values may change over 

an image, thus it's important to pick the right ones [22]. 

4. Problem Statement 

      While maintaining the same amount of true positives, Optimal Feature Selection halves the number of 

features with no true positives . Choosing the correct variables is a breeze, which simplifies and improves the 

model's readability and accuracy. In the high-dimensional process of text categorization, you need to pick 

characteristics that are relevant. Typically, an optimization procedure is employed to select the optimal subset of 

features from a massive feature space when feature selection is being considered. A text classifier's efficiency 

and accuracy are both enhanced by carefully selecting its characteristics[23]. 

5. Objective 

      The purpose of choosing features is to identify the most effective collection of characteristics to employ in 

light of the assessment function. There is a significant financial and time investment required to search through 

all potential feature subsets. Though they can't guarantee the world's finest outcomes, the other suboptimal 

approaches are more effective and realistic. 

6. The quantum edge approach and its main contribution to work  

       In the field of image processing, several potential applications of quantum computing have been identified. 

The emergence of quantum image representations approaches suggests that several image processing algorithms 

can potentially outperform their "traditional" counterparts by an exponential amount by leveraging quantum 

properties such as entanglement and superposition. We improve a quantum edges recognition method in this 

study after quickly going over some of the fundamental ways to show quantum images [24][25]. 

7. Quantum Image Processing: 

a.  Encoding of Quantum Probability Images (EQPI): 

      One major benefit of EQPI is the fact that it uses a lot less qubits compared to traditional picture pixels. You 

will only require log₂(N) qubits if your image has N pixels. With superposition, you can produce 2^n states for 

every n qubits[26]. 

       Research in the area known as artificial intelligence (AI) aims to give computers the ability to "think" and 

make rational decisions in the same way that people do. "Seeing" data may also be retrieved using computer 

vision techniques. As a branch of computer vision, image recognition is able to recognize and understand the 

pictures used for training. See figure. 1 
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Figurer. 1. Automated Street Object Detection Using Computer Vision. 

Edge Detection serves as a crucial technique for identifying picture components, and image processing helps us 

grasp what's happening in an image. Edge detection involves finding the perimeters of components in order to 

identify them, as the name suggests. While edge detection is within the purview of conventional classical image 

processing, it isn't always the most effective method[27][28], especially when dealing with huge pictures that 

require a lot of calculations per pixel. An effective substitute that uses its own technique for edge detection is 

quantum image processing. See fig. 2. 

 

Figure. 2. Quantum Image Processed Product. 

Converting pictures used with conventional image processing to quantum images is necessary for doing 

quantum image processing upon such images. Quantum Probability Imaging Encoding is one of several 

quantum picture representations. 

One major benefit of QPIE is the fact that it uses a lot less qubits compared to traditional picture pixels. You 

will only require log₂(N) qubits if your image has N pixels. With superposition, you can produce 2^n states for 

every n qubits. To illustrate the point, four qubits and sixteen states would be required for a sixteen-pixel 

picture. Therefore, how may this advantageous conversion be carried out. See fig. 3. 
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Figure. 3. Classical 2 × 2 Image 4 Pixels. 

 

We can identify the location of each pixel in this typical 2𝑥2 picture (4 𝑝𝑖𝑥𝑒𝑙𝑠) example. 𝑦𝑥 is a subscript. An 

8 − 𝑏𝑖𝑡 black-and-white color representing the pixel's location label and color intensity will be used. The 

complete two-dimensional picture may be represented by a set of all these separate pixel 

representations[29][30].  

    The entire picture is still represented by pixel intensities; by normalizing, we may transform them into 

probability amplitudes for a quantum state (such as QPIE). In this case, the amplitudes' total of squares would be 

1. And Bringing Pixel Intensities Up to Probability Amplitude Criteria. See figure 4 

𝐼𝑦𝑥

√∑ 𝐼𝑦𝑠
2

                                                                             1 

 

Figure. 4. Enhancing Quantum Image Pixel Intensities to Meet Probability Amplitude Requirements 

Superposition of states that are quantum is the way to express this now that the picture has been transformed 

from classical to quantum. It is possible to generalize the state for this 2x2 picture as 

|Img⟩ = 𝑐0|00⟩ + 𝑐1|01⟩ + 𝑐2|10⟩ + 𝑐3|11⟩                          2 

The generalization might be expressed as for a picture with n qubits: 

|Img⟩ = ∑ 𝑐𝑖|𝑖⟩                                                           3

2𝑛−1

𝑖=0

 

a. Detection of Quantum Hadamard Edges (DQHE): 

Finding the pixel-intensity gradients is the traditional method for identifying an image's edge. This results in a 
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complexity is O(N) for images with N pixels as it requires processing for each pixel. Large pictures are affected 

by this because the number of pixels increases at an exponential rate as the image size increases. the pixel-

intensity gradients may be calculated using a quantum method with complexity  O(1), independent of the picture 

size, by capitalizing on the superposition caused by the Hadamard gate. The rate of acceleration is exponential. In 

addition, a 2𝑛 pixel picture only requires n qubits[31][32]. 

Let's have a look at a 3 × 3 = 9 pixel images and see how the DQHE technique works. This requires 4 data 

qubits as well as 1 ancilla qubit, which is equal to log(9). The intensity of each pixel can be represented by an 

amplitude 𝑐𝑘. Our data qubits are first initialized to equation 4 

𝐶0 𝐶1 𝐶2 

𝐶3 𝐶4 𝐶5 

𝐶6 𝐶7 𝐶8 

∑[i = 0 to N − 1]Ci |i⟩ = (C − 0, C − 1, … , (N − 1))
T

                                                                    4 

together with our auxiliary qubit to |0⟩  .  Thus, the general situation is: 

(C − 0, C − 1, … , C − (N − 1))
𝑇

⊗ |0⟩                                                                                           5 

 

After that, we use a Hadamard gate on our ancilla qubit. Therefore, our current situation is : 

(C − 0, C − 1, … , C − (N − 1))
𝑇

⊗ |0⟩ + |1⟩)/√2                                                                                       6   

This doubles each amplitude 𝐶ᵢ since the total number of binary states is doubled.  
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The next step is to activate a decrement gate for each qubit. An amplitude's assignment can be "shifted" upwards 

by one using the decrement gate[30]. So, the strength of |j − 1⟩  becomes 𝑐 − 𝑖. Combining X − gates with 

controlled  × −𝑔𝑎𝑡𝑒𝑠, the decrement gate forms a unitary operation. For a total of five qubits, it appears as 

follows:  

  

The result of implementing the decrement gate is: 

Lastly, the ancilla qubit is subjected to a Hadamard. For even states |j⟩, this adds the nearby amplitudes, while for 

odd states |j⟩ , it subtracts them. The wave function is then encoded with this gradient information[33]. 

 

All of the qubits can now be measured. What matters is the difference between the amplitudes of the nearby 

states, which is represented as   𝑐_𝑘 − 𝑐 (𝑘 + 1)in the odd states. Pixel gradients will be bigger since we tend to 

measure states using larger amplitudes.  
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A distribution of measurable states is obtained by running this circuit a certain number of times. We can plot the 

total amount of measurements versus. pixel position (|2i + 1⟩  corresponds to pixel i) and the odd-numbered 

states provide us with the gradient data we desire.  a horizontal and vertical scan are required to do this for an 

actual image. To achieve the vertical scan, simply flip the original image over and start the process all over again. 

Finally, the output picture is generated by adding all of the vertical and horizontal scan data. scaling this method 

to any possible number of qubits is likewise a piece of cake. To construct the complete decrement gate, just keep 

adding multi-controlled X-gates. No matter how many qubits are used, the algorithm's underlying principle 

remains unchanged[34][35]. While other gates make up the initialization "black box" and multi-controlled 𝑋 −
𝑔𝑎𝑡𝑒𝑠, the basis gates do not make up the quantum circuit we shown above. Perhaps you're curious in the 

implications for the IBM quantum computer in terms of the basic gates that can be implemented. The 7 − 𝑞𝑢𝑏𝑖𝑡 

ibm-lagos computers is represented by the precise circuit mentioned before, which is given for an initialized state  

(𝑐 − 0, 𝑐 − 1, … . , (𝑁 − 1))𝑇 . Gate for Initialization & The remaining algorithmic steps up to the measurement: 

 

We started with a basic quantum algorithm and ended up with hundreds of gates! This implies additional gates for 

qubits with greater data. We know full well the limits of the quantum computers we have now. If our quantum 

computers achieves 0.999 𝑔𝑎𝑡𝑒 fidelity, following 100 gates we are going to have just ~90% overall fidelity. Of 

course, there are other causes of mistake and noise in quantum computers, such decoherence. [36][37][38]. Thus, 

in actuality, we should anticipate losing the majority of the information in the process with a circuit that deep. 

Let's examine the differences between a simulated quantum computer (QASM simulator) and an actual one (7 −

𝑞𝑢𝑏𝑖𝑡 ibm-lagos) as we go from 2 to 4 to 6 information qubits. 

 

From the left to the right: picture input, output from the QASM backend, and output from the IBM Lagos backend. 

The real quantum computers gives the same answer as the computer simulation. 

(2 Data Qubits). 
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From the left to the right: picture input, output from the QASM backend, and output from the IBM Lagos backend. You can't 

really tell what the real quantum computers says, but it might be similar to what you saw in the simulation. 

(4 Data Qubits). 

                    

From the left to the right: picture input, output from the QASM backend, and output from the IBM Lagos backend. 

The real quantum computers basically just makes garbage. Along the way, we lost all of our data in the circuit. 

 (6 Data Qubits). 

Our project's results show that while QHED promises to be exponentially faster than a standard computer, our 

own real quantum computing devices are still a long way from being able to consistently do these kinds of 

calculations. [39]We think that quantum picture processing is a cool way to use quantum computing, and we 

hope that it will be possible within the next ten years. additionally, we want to show the potential of QHED in 

the presence of a trustworthy quantum computer[40]. The input that we utilized was the 6.S089 logo, which has 

dimensions of 256 ×  256 pixels. We generated code that divided the picture into 32𝑥32, or 2^10, pixel 

pieces. Afterwards, the next phase of edge-detected output was generated by utilizing the QASM simulation 

backend using 10 data qubits plus 1 ancilla the qubit for each 2^10 pixel chunk. In an ideal world, you could 

process such 256𝑥256 =  2^16 pixels picture using just 16 data qubits. Unfortunately, our Python kernel 

continued to crash whenever we attempted this. See fig. 5 

Figure 5. Edge evaluations using quantum algorithms. 

The input picture is the 6.S089 logo, and the output image is a quantum Hadamard image with edges 

recognized.  with any luck, you have gained some useful knowledge on quantum Hadamard detection of edges 

and quantum image processing. The chance to experiment with an actual quantum computer was certainly fun.   

fig. 6.  Techniques for Edge Evaluations[41]. 

Figure 6. Circuit with Quantum Implementation in Edge Evaluation. 

 

      It is possible to show how a classical image becomes a quantum image by employing Quantum Image 

Representations (QImRs), such as the Flexible The recently created Enhanced Quantum Representations 

(NEQR) and the Quantum Image (FRQI) representation. A picture archive format is QPIE. In this paper, a 

Detecting Quantum Hadamard Edges (DQHE) and (QPIE) Quantum Probability Image Encoding  method 
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is detailed for using these (QImRs) for edge detection. It is possible to use quantum physics to determine the 

likelihood of an occurrence. See figure7.  

 

 

 

 

 

 

 

 

 

 

 

 Figure 7. Circuit with Quantum Implementation in Edge Evaluation. 

Applications that facilitate the processing and manipulation of pictures more rapidly, such as in games and 

movies, will proliferate as quantum technology advances. Although it's true because we can partially analyze 

massive volumes of data, such as 4K films and photos, until quantum technology can manage mistakes[42][43]. 

See figure. 8.  

                              Figure. 8 Comparing Quantum Evaluations with Edge Evaluations  

8. Discussion and Results  

      Edge detection is an absolute must when trying to extract image characteristics. The ability of modern image 

processing algorithms to identify edges is crucial for understanding the structure of objects as well as features in 

a picture. There is great potential in the new field of quantum image processing. When compared to traditional 

image processing, quantum image processing may be superior in some situations. The speed of edges 

identification for classic photo processing is not great for really huge photos since most traditional edge 

recognition algorithms demand high resolution as well as pixel-by-pixel calculation. As a result, the process is 

extremely slow. 
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9. Conclusion 

Quantum computing has several interesting applications in image processing. Utilizing quantum 

properties like entanglement and superposition can significantly speed up many image processing processes 

when compared to their "traditional" equivalents. One typical use case in quantum computing and quantum 

information processing is the creation and manipulation of quantum images. One area of computer science is 

known as quantum processing of images, or QIP. Computing speed, security, as well as storage requirements are 

just a few areas where QIP technologies are expected to surpass their conventional counterparts. This is all 

down to the unique properties of quantum computing, such as entanglement and parallelism. Developing 

techniques to modify the color and position data included in the many types of flexible representations of 

quantum images (FRQI) has been a major focus of QIP. A primary motivation for developing FRQI was the 

need to limit the scope of fast geometric operations like (two-point) swapping, flipping, as well as (orthogonal) 

rotations to a localized area of a picture. There has been some recent talk on quantum picture scaling and 

quantum image translation utilizing NEQR. These methods can be used to change the size of a quantum picture. 

First, single qubit gates like X, Z, and H gates were used to show the possibilities of FRQI-based color 

transformations.  Afterwards, Multi-Channel Quantum Images-based channels interest (CoI) operators were 

used to change the grayscale value of the chosen color channel. A technique called "channel swapping," or the 

CS operator, was employed to change the grayscale value for both channels. In order to demonstrate the 

practicality of QIMP methodologies and applications, researchers are continuously using QIRs, and we must 

already begin to simulate the processing of image projects. Extraction of quantum picture properties and 

comparing quantum images are only two examples of the many applications of quantum gates that include 

operations like these that researchers have been using for some time. Additionally, they have been employed for 

the stabilization, filtering, and classification of quantum images. Researchers have shown a great deal of interest 

in security solutions based on QIMP, as will be shown later on.   All of these technologies have been utilized 

because they are the main ones used for security in this industry. The majority of studies in this field have 

focused on finding ways to make QIMP hardware work, enhancing QIMP's utility to run more traditional digital 

image processing algorithms, or identifying problems that could make certain QIMP protocols impossible to 

implement. 

 

   References 

[1] Umbaugh. Scott E,” Digital image processing and analysis: human and computer vision applications with 

CVIPtools,” CRC press, 2010. 

[2]  Barrow. Harry G. TENENBAUM. Jay M,” Interpreting line drawings as three-dimensional surfaces,” 

Artificial intelligence, 1981, 17.1-3: 75-116. 

[3]  Lindeberg. Tony,” Edge detection,” Encyclopaedia of Mathematics, 2001. 

[   [5 Zhang. W. & Bergholm. F,” (1997). Multi-scale blur estimation and edge type classification for scene 

analysis,” International Journal of Computer Vision, 24(3), 219-250. 

[6] Ziou. Djemel. et al,” Edge detection techniques-an overview Pattern Recognition and Image Analysis ,”C/C 

of Raspoznavaniye Obrazov I Analiz Izobrazhenii, 1998, 8: 537-559. 

[7] Xie. Kun. Dong Lei. Wenkang Du. Pengxiang Bai. Feipeng Zhu. and Fan Liu, "A new operator based on 

edge detection for monitoring the cable under different illumination," Mechanical Systems and Signal 

Processing 187 (2023): 109926. 

 [8] Abu, N. Abidin. Z, ” Human identification system: A review,” Int. J. Comput. Bus. Res. IJCBR, 2019, 9: 1-

26. 

[9] Park. Jung Me. MURPHEY. Yi Lu,” Edge detection in grayscale, color, and range images,” Wiley 

Encyclopedia of Computer Science and Engineering, 2007, 1-16. 

[10] Canny. John,” A computational approach to edge detection ,”IEEE Transactions on pattern analysis and 

machine intelligence, 1986, 6: 679-698.  

[11] Haralick. Robert M,” Digital step edges from zero crossing of second directional derivatives,” In: Readings 

in computer vision. Morgan Kaufmann, 1987. p. 216-226. 

[12] Hassen. Oday A. et al,” Realistic smile expression recognition approach using ensemble classifier with 

enhanced bagging,” CMC-COMPUTERS MATERIALS & CONTINUA, 2022, 70.2: 2453-2469.  



Zainab Hammoodi Noori                      SJPS 2026 (June), Vol. 5, No. 1, p.p.:612-625 

624 

[13] Xian. Ronghao. Rikong Lugu. Hong Peng. Qian Yang. Xiaohui Luo. and Jun Wang, "Edge detection 

method based on nonlinear spiking neural systems," International Journal of Neural Systems 33, no. 01 (2023): 

2250060. 

 [14] Liu. Jie. Sanzhong Li. Suhua Jiang .Xu Wang. and Jianli Zhang, "Tools for edge detection of gravity data: 

comparison and application to tectonic boundary mapping in the Molucca sea," Surveys in Geophysics (2023): 

1-30. 

 [15] Kimmel. Ron .BRUCKSTEIN. Alfred M.,” Regularized Laplacian zero crossings as optimal edge 

integrators,” International Journal of Computer Vision, 2003, 53: 225-243. 

[16] Deriche . Rachid ,”Using Canny's criteria to derive an optimal edge detector recusively implemented ,”The 

International Journal of Computer Vision, 1987, 2: 167-187.  

[17] Wang. Weixing . Limin Li . and Fei Zhang, "Crack image recognition on fracture mechanics cross valley 

edge detection by fractional differential with multi-scale analysis," Signal, Image and Video Processing 17, no. 

1 (2023): 47-55. 

[18] Kukolj. Dragan .Igor Marinović. and Sandra Nemet, "Road edge detection based on combined deep 

learning and spatial statistics of LiDAR data," Journal of Spatial Science 68, no. 2 (2023): 245-259.  

[19] H, Oday A. et al,” A new descriptor for smile classification based on cascade classifier in unconstrained 

scenarios,” Symmetry, 2021, 13.5: 805. 

[20] Fischer. Sylvain . et al ,” Sparse approximation of images inspired from the functional architecture of the 

primary visual areas,” EURASIP Journal on Advances in Signal Processing, 2006, 2007: 1-16.   

[21] Dim . Jules R.  TAKAMURA. Tamio ,”Alternative approach for satellite cloud classification: edge gradient 

application,” Advances in Meteorology, 2013, 2013. 

[22]  Abo . Nur  Azman,” HAAR: An Effectual Approach for Evaluation and Predictions of Face Smile 

Detection,” International Journal of Computing and Business Research (IJCBR), 2017, 7.2: 1-8.  

[23] Lindeberg . Tony ,”Discrete derivative approximations with scale-space properties: A basis for low-level 

feature extraction,” Journal of Mathematical Imaging and Vision, 1993, 3: 349-376.  

[24] Pajdla. Tomáš .Hlavac. Václav ,”Surface discontinuities in range images,” In: Computer Analysis of 

Images and Patterns: 5th International Conference, CAIP'93 Budapest, Hungary, September 13–15, 1993 

Proceedings 5. Springer Berlin Heidelberg, 1993. p. 412-419. 

[25] Asghari. Mohammad H.JALALI. Bahram,” Edge detection in digital images using dispersive phase stretch 

transform,”Journal of Biomedical Imaging, 2015, 2015: 6-6. 

[26] Asghari. Mohammad H. JALALI.Bahrain,” Physics-inspired image edge detection,” In: 2014 IEEE Global 

Conference on Signal and Information Processing (GlobalSIP). IEEE, 2014. p. 293-296.  

[27] Jalali. Bahram. MAHJOUBFAR. Ata,” Tailoring wideband signals with a photonic hardware accelerator,” 

Proceedings of the IEEE, 2015, 103.7: 1071-1086. 

[28] Kuba, Hasanien K., et al. "An Adaptive Privacy Preserving Framework for Distributed Association Rule 

Mining in Healthcare Databases." Computers, Materials & Continua 74.2 (2023). 

[29] Macit. Hüseyin Bilal. and Arif Koyun, "An Active Image Forgery Detection Approach Based on Edge 

Detection," CMC-COMPUTERS MATERIALS & CONTINUA 75.1 (2023): 1603-1619.  

[30] Sultana. Habiba. et al, "A novel hybrid edge detection and LBP Code-Based Robust Image Steganography 

method," Future Internet 15.3 (2023): 108.  

[31] Duong. Linh T. Cong Q. Chu. Phuong T. Nguyen. Son T. Nguyen. and Binh Q. Tran, "Edge detection and 

graph neural networks to classify mammograms: A case study with a dataset from Vietnamese patients," 

Applied Soft Computing 134 (2023): 109974. 

 [32] A. Ansam A. et al,” Health monitoring catalogue based on human activity classification using machine 

learning,” International Journal of Electrical and Computer Engineering, 2022, 12.4: 3970. 

[33] Ghosal. Sugata. Mehrotra. Rajiv,” Orthogonal moment operators for subpixel edge detection,” Pattern 

recognition, 1993, 26.2: 295-306.  GHOSAL, Sugata; MEHROTRA, Rajiv. Orthogonal moment operators for 

subpixel edge detection. Pattern recognition, 1993, 26.2: 295-306.   

[34] L. Phuc Q. Dong. Fangyan . HAirot. Kaoru,” A flexible representation of quantum images for polynomial 

preparation, image compression, and processing operations,” Quantum Information Processing, 2011, 10: 63-84. 

[35] Zhang. Yi. et al,” Neqr,” a novel enhanced quantum representation of digital images,”Quantum information 

processing, 2013, 12: 2833-2860. 



Zainab Hammoodi Noori                      SJPS 2026 (June), Vol. 5, No. 1, p.p.:612-625 

625 

[36] Yao. Xi-Wei. et al,” Quantum image processing and its application to edge detection: theory and 

experiment,” Physical Review X, 2017, 7.3: 031041. 

[37] Jatana, Nishtha, et al. "Future Frame Prediction using Generative Adversarial Networks." Karbala 

International Journal of Modern Science 10.1 (2024). 

[38] Dalfi. Mustafa Ali Hasan.Sihem Chaabouni. and Ahmed Fakhfakh, "Breast Cancer Detection Using 

Random Forest Supported by Feature Selection," International Journal of Intelligent Systems and Applications 

in Engineering 12.2s (2024): 223-238. 

[39] Balamurugan. G. et al, "Optical bio sensor based cancer cell detection using optimized machine learning 

model with quantum computing," Optical and Quantum Electronics 56.1 (2024): 97. 

[40] Neamah, Ali Fahem, et al. "Big Data Clustering Using Chemical Reaction Optimization Technique: A 

Computational Symmetry Paradigm for Location-Aware Decision Support in Geospatial Query Processing." 

Symmetry 14.12 (2022): 2637. 

[41] Ding. Huan.Qirui Huang. and Ahmed Alkhayyat, "A computer aided system for skin cancer detection 

based on Developed version of the Archimedes Optimization algorithm," Biomedical Signal Processing and 

Control 90 (2024): 105870. 

[42] Khudair Madhloom, Jamal. et al, "A Quantum-Inspired Ant Colony Optimization Approach for Exploring 

Routing Gateways in Mobile Ad Hoc Networks," Electronics 12.5 (2023): 1171. 

[43] Yao. X. W. Wang. H.Liao. Z. Chen.M. C. Pan. J. Li .J.. ... & Suter. D,” (2017). Quantum image 

processing and its application to edge detection:” theory and experiment. Physical Review X, 7(3), 

031041. 

 


