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Abstract__   Finding the edges of the images is an important process, especially medical images, to access the image data accurately to find the objects in the image, especially in the analysis and diagnosis processes Detecting edges in noise images is still a very difficult process. Several methods have been introduced to solve the problem, such as Sobel, Prewitt, and canny, but it is still difficult to process noisy images. The current research presents a proposed system designed to detect edges in a medical image and has been applied to medical MRI images. The proposed system consists of two phases, the first phase is the initial processing phase and this process aims to prepare the image for the processors, the second stage of the proposed system, it is the edge detection stage. The edges of the images entered into the system are detected by finding an edge map, and depending on the texture characteristics of the image, as the method used for edge detection is the Laws method and according to the following steps:1. Create two-dimensional filters.2. The process of circumventing images and laws filters. The efficiency and effectiveness of the proposed system were analyzed through the results of experiments that showed that the performance of the system is very good and gives excellent and accurate results, by comparing the results of the proposed system with traditional methods of edge detection. Results like sobel, prewitt and canny showed that the proposed system gives a better and faster performance. 
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INTRODUTION I.
       Finding the right edges is a difficult process in photos, especially noise images, due to the methods of capturing the images, the devices used, the intensity of lighting, etc., where the noise affects the edge and makes it difficult to find the correct edges[1][2]. The use of technology and the establishment of methods became more efficient and rapid to solve this problem[3].In this research, magnetic resonance imaging (MRI) is used, which takes detailed pictures of the soft tissues in the body. One of the advantages of an MRI image over other medical imaging is that the image on the MRI is very detailed and can show the smallest anomaly that has a high signal-to-noise ratio[4]. An MRI scan gives a very detailed picture of the soft tissues that lie in the brain. Magnetic resonance imaging depicts many details in the anatomy and is sensitive to anomalies[5].                                                                        
The process of finding edges is an essential step in many processes such as analysis, which is one of the applications of computer vision[6]. In the medical field, obtaining the correct edges is very useful and helps in understanding the medical image to diagnose tumors and others[7]. extracting characteristics, and revealing and discovering internal organs from the human body in this type of image with high accuracy, and this is an important case for the medical side, in the detection of the internal parts of the body for diagnosis and treatment[19]. Edge detection of these images is very important for specialists in interpreting the images to obtain accurate information [1].                                          Where different methods are used to detect different edges in the image such as Canny, Sobel, Laplacian, etc[20]. Edge detection methods mainly depend on the difference of gray levels in the image, which is used to detect strokes. The disadvantage of the Sobel edge detection method is that it is sensitive to noise, and is imprecise at the rough edge which leads to false edge detection[7]. Disadvantages of Laplacian edge detection It responds to some of the existing edges, and is sensitive to noise, in addition to that the Laplacian method produces double edges and is unable to detect the edge direction[8]. The disadvantages of the canny method are time-consuming and complicated by calculations[9]. These methods share a common problem which is not revealing the edge details, and it also failed to extract the correct edges of the objects in noisy images[10]. As a result of what has been explained above, the importance of designing an effective system that enables it to detect edges accurately and efficiently, especially in medical images, and avoiding deficiencies in traditional methods. The purpose of this research is also to achieve the best method for detecting border areas compared to other classical detection methods after this simplified explanation of the importance of edge detection, especially in medical images, and the limitations of traditional methods, the need to design a system that could detect edges accurately and efficiently emerged. This structured search is as follows. Section 2 describes the details of the proposed system. The experimental results are suggested in Section 3. Finally, Section 4 provides the conclusions of this work.                                                
II.  The Proposed System
       The proposed system is designed to detect edges in a medical image. The system consists of two stages, the initial processing stage, which is in which the process of standardizing the size of the input images to a uniform size and then the process of converting them to gray in addition to the process of improving the edges of the image and the second stage is the detection of edges where the edge is discovered by finding an edge map depending on the texture characteristics For the image. The structure of the proposed general system can be illustrated as in "Fig. 1" as follows:                                            [image: ]
Fig. 1 General Diagram Of The Proposed System
A.    Pre_ Processing Stage
        This process aims to prepare the image for the following processors, and includes a set of sequential steps as follows:                                                                            
First: .size standardization for input images: This process is performed on the input image to standardize the volumes for all input images. Second: The process of converting the image to gray: This process is carried out by converting the image to a gray color. The purpose of the above two processes is to obtain a suitable image for processing in terms of storage and time.  Third: Enhanced: The image is enhanced by applying an average vector to the input image, in the blurred and distorted image. The image vector is randomly distributed across all pixels of the image, and in this process, the average local process is applied, and for all image vector values with an average of eight local neighbors of the vector and for each pixel in the image. This is a process that eliminates the random orientation of vectors in the previous vector image and makes them more uniform, which gives more accurate results in the edge of the object in the image. The average vector of the image is calculated using the following steps:                                      
First: Perform wrapping the image with a Gaussian mask to remove noise and soften the image. Eq. "(1)" and Eq."( 2)" explain how to apply this step.                                                            
𝐶𝑂𝑥 (𝑖, 𝑗) = −𝐺𝑀𝑦 × I(𝑥, 𝑦) ≈                          (1)
𝐶𝑂𝑦 (𝑖, 𝑗) = 𝐺𝑀𝑥 × I(𝑥, 𝑦) ≈                     ( 2)
I (𝑥, 𝑦): represent the input image, G𝑀x and: GMy  masks represent in the and directions, where the masks are calculated using the following Eq. "(3) and  Eq."(4)"
𝐺𝑀𝑥 (𝑥, 𝑦) = ()  exp ( - )          (3)
𝐺𝑀𝑦 (𝑥, 𝑦) = ()  exp ()          (4)
Where 𝜎 is the standard deviation of the distribution that plays a fundamental role in the behavior of the function. In the proposed method, the window size used is [3 x 3] and the value is (0.375), so the values of the masks used are:
𝐺𝑀𝑥 = 
𝐺𝑀𝑦 =
Second: Calculate the maximum number of points in the matrix       from  Eq."(5)":
𝑀𝑃 = 𝑚𝑎𝑥𝑖,j ( )        (5)
Third: Calculate the vector information using the Eq. "(6)":
VI (𝑖, 𝑗) = (𝐶𝑂𝑥 (𝑖, 𝑗) 𝑖⃗ + 𝐶𝑂𝑦 (𝑖, 𝑗)⃗j)                          (6)
Where 𝑀𝑃, 𝐶𝑂𝑥, and 𝐶𝑂y were calculated in the previous steps.
 Forth: .Calculate the magnitude and direction of the average vector using[21] Eq."(7) and  Eq. "(8)":
𝐴V(𝑖, 𝑗) =Σ(𝑖, 𝑗)∈N               ( 7)
Where 𝑁𝑃 is the total number of pixels and their neighborhoods and the direction is calculated according to the Eq."(8)" :     D(𝑖, 𝑗)=Σ (𝑖, 𝑗) ∈N tan−1()       ( 8)
[image: ][image: ][image: ]
                 (a )                                    (b)                         (c)
Fig. 2. (a)Input Image (b) Vector Image (c) Average Vector Image






2.2 Edge detection stage
  The edges of the images entered into the system are detected by finding an edge map and depending on the texture of the image. The derivation of the edge map gives great knowledge about boundaries.
  The Laos tissue method has been used to extract the edge detection tissue. The Laos method consists of the following steps:
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B. Edge Detection Stage

    
B.   Edge Detection Stage
      The edges of the images entered into the system are detected by finding an edge map and depending on the texture of the image. The derivation of the edge map gives great knowledge about boundaries. The Law's texture method has been used to extract the edge detection texture. The Law's  method consists of the following steps:
· Creating Two-Dimensional Laws Filters
 In this process the one-dimensional laws filters are configured as follows:
     Law's Texture is one of the statistical methods developed by K. I. Laws to measure the texture of images[11]. This method is used in many applications such as medical imaging for tissue analysis and study[12][13]. This method creates texture features locally using masks that wrap with the gray image to create the texture feature locally[14]. warp masks are two-dimensional, often used to characterize texture, and to produce one-dimensional convoluted filter vectors of three and five lengths:
[image: ]
Where, (L5) level-average of the gray level, Gaussian is used to give a local center weight. (E5) Edge - extracting edge features, it uses (gradient) that responds to the edges of a row or column step. (S5) Point - Extract points, it uses (LOG) to detect points. (R5) Ripples - To extract ripples, it uses Gabor to detect ripples[15].
All masks have a zero-sum except for L5 and. L3 wraps an image texture with Law's masks and calculates energy stats a describes texture properties that can be used to identify texture. When the wrapping process is applied to the image, the one-dimensional masks are converted into two-dimensional masks by multiplying each mask with the other masks[16]. The texture of the image is wrapped with Laws masks[17]. By using four one-dimensional masks, I produced sixteen masks, and these masks will be reduced to nine because there are masks of similar value, therefore, it is replaced by an average of each pair of masks as shown in Table 1. where the wrapping is between the input image and nine masks. To produce nine images that represent the image texture features. When applying each mask to the image, it gives a different texture feature as shown in Table2.  Next, we find the total energy,  to obtain features of the total texture[18].
             TABLE   1.   TEXTURE  MASKS  USE
	
Masks

	
 The Used Masks


	L5E5\E5L5
	Average(L5E5\E5L5)


	L5S5\S5L5

	Average(L5S5\S5L5) 


	L5R5\R5L5

	Average(L5R5\R5L5)


	E5S5\S5E5

	Average(E5S5\S5E5)


	E5R5\R5E5

	Average(E5R5\R5E5)


	S5R5\R5S5

	Average(S5R5\R5S5)

	S5S5

	S5S5

	R5R5
	R5R5


	E5E5
	E5E5






TABLE  2. THE MEANNING OF LAWS TEXTURE MASK
	Mask Name
	Description - Adjectives Extracted from the Texture

	E3L3

	Gray plane intensity in the horizontal direction and edge detection in the vertical direction

	L3E3
	Edge detection in the horizontal direction and the intensity of the gray plane in the vertical direction

	L3S3
	Scar detection in the horizontal direction and the gray level density in the vertical direction

	S3L3
	Gray level intensity in the horizontal direction and scarring in the vertical direction

	L3L3
	Express the intensity of the gray plane from three contiguous points in both the horizontal and vertical directions

	E3S3
	Spot detection in the horizontal direction and detection in the vertical direction

	E3E3
	Edge detection in both vertical and horizontal directions

	S3E3
	Edge detection in the horizontal direction and spot detection in the vertical direction

	S3S3
	Spot detection in both horizontal and vertical orientation


To prepare the image for the application of Laws filters, the lighting effect is reduced by subtracting each point from the average intensity for each point in the image and this is done using Eq."(9)", the result of this process is shown in "Fig. 3":
Whereas:          f(𝑖, 𝑗) = f(𝑟, 𝑡)– 𝑚𝑒𝑎𝑛(f(𝑟, 𝑡))       (9)
𝑖=1…n, 𝑗=1…m, 𝑟=𝑖…i+𝑑-1,𝑡=𝑗…𝑗+𝑑-1
d: represents the filter length which is equal to (5) and [n, m] represents the image size.
[image: ][image: ]                        (a )                                                            (b)                                                          
Fig. 3. (a)The Original Image (b) The Image After Brightening Reduction



· The Process of Wrapping Images and Laws Filters
In this process, the input image is filtered by the laws' texture filters, which calculate by wrapping the input image with each of the 16 laws masks, and by replacing the center point with the result of applying the wrapping process, and this is done by using Eq."(10)":                                                          𝑓 ́(𝑖, 𝑗) = 𝑓(𝑖, 𝑗) ∗ ℎ𝑘                   (10)
The following sixteen masks will be reduced by replacing each pair of the following attributes with their average, the sixteen masks as follows: L5E5\E5L5, L5S5\S5L5, L5R5\R5L5,  E5S5\S5E5, E5R5\R5E5, S5R5\R5S5, E5E5, S5S5, R5R5.
The remaining nine masks after reducing are[L5E5,  L5R5, E5S5, S5S5, R5R5,  L5S5  E5E5,  E5R5, S5R5]   
Therefore, the output of this process will be nine images, each image representing (one of the image texture properties as shown in "Fig. 4".                                                                         [image: ]Fig. 4. The Result of Applying Laws Masks to the Image
· The Process of Collecting Image Texture Energy
     Calculate the energy of the texture by adding the absolute value of the filters resulting from the adjacent values around the point  to obtain nine characteristics and according to the Eq. "(11)"                                                    
𝑓 ́́ (𝑖, 𝑗) =         (11)
As shown in "Fig. 5", then the attributes are collected in one form and as shown in "Fig.. 6", for the original image, 𝑓 (𝑖, 𝑗) the small texture characteristics 𝑓𝑘 (𝑖, 𝑗) are calculated using the image wrapping with filters. ℎ𝑘 According to  Eq. "(10)".                 [image: ]
Fig. 5. The Laws Energy Texture Image
[image: ]
Fig. 6. The Final Image of Laws
· Find an Edge Map
This process takes the result of the previous process of Law's texture and enters it into the detection of the Canny edge. The Canny edge detection is an ideal method for detecting the edge that is caused by (Gaussian) noise and is supposed to reveal the edge by reducing noise and       centering it at the edge. canny edge detection steps:                  First: Wrap the image produced by Law's Texture with Gaussian masks because the image contains noise. To avoid the noise problem, we use Gaussian masks to reduce the noise in the image by homogenizing according to Eq."(12)":             G(𝑥, 𝑦) =                    (12)                     (a )                                            (b)                                                          
            Fig. 9. (a)Image Kidney (b) The Edge Map





Where is the standard deviation of the distribution that plays an important role in the behavior of the Gaussian function and its value is small.
Second: Calculate the size and direction of the gradient, using a 2 × 2 size window to calculate the size and orientation of the image  𝑓 (𝑥, 𝑦) according to Eq. " (13)" and  Eq. "(14)": -
∇𝑓 = 
	x,                                          
	x , y+1

	x+1,y
	x+1,y+1


𝐺𝑥 [𝑥, 𝑦] =((𝑥, 𝑦 + 1) − (𝑥, 𝑦) + (𝑥 + 1, 𝑦 + 1) − (𝑥 + 1, 𝑦)    (13)  𝐺y [𝑥, 𝑦] =((x, y)-(𝑥+1,y) + (𝑥,𝑦 + 1) − (𝑥 + 1, 𝑦+1))            (14)
Where  = 𝐺𝑥 [𝑥, 𝑦],          = 𝐺𝑦 [𝑥, 𝑦]                                   The gradient and direction values are calculated according to Eq. "(15)" and  Eq. "(16)" respectively:
M[𝑥, 𝑦] =               (15)
θ[𝑥, 𝑦] = arctan ( )                              (16)
Third: Remove the small values to reveal the edges: each pixel is compared to the center of a 3 × 3 window with a pixel and using the calculated gradient direction to find the largest local value in the image gradient and save the pixels that have the largest local value, in addition to that put the zero instead of the pixel value whose values are less than the maximum because the values must be reduced, so only higher values will remain.
Forth:. Selection of the threshold, the simplest method used to determine the threshold value is to calculate the average values of the image data as in Eq. "(17)", "Fig.. 7" and "Fig. 8"  present the outputs of this process.
𝑇 =                                 (17)
Where: W is the width of the image, H: the height and "Fig. 7"   shows the result of this process.
[image: ]
Fig. 7: The Edge Map
[image: ][image: ]
  (a )                                           (b)
Fig.  8  (a)Image Kidney   (b) The Edge Map
III. Results
      The proposed system was applied and tested on various medical images in "fig. 9". Each form of the following experiments contains four images:-                                                             (a) The input image.   (b) Compute the average of the edge vector which gives the direction and size of the edge. The vector is defined as arrows, as the arrows indicate the direction of moving each pixel towards the vertical or horizontal direction. The main advantages of this process are the elimination of randomness in the previously calculated directions and making them regular, which will give better and more accurate results and increase the clarity of the edges in the image.(c) Laws texture result                   d) Edge map representing image edge detection.                  )
This system provides a complete description of the edges of the image where the best edges are selected in the image and it shows importance by using this system to detect edges and borders with high accuracy.                              [image: ]
[image: ][image: ]
Fig. 9. (a) Input Image (b) Image Vector (c) Laws Texture Image (d) Edge Map
IV. Comparison of the Results
     The proposed method can also be compared with various techniques for edge detection such as Sobel, Roberts, and Zerocross, Canny. The goal of the proposed system is to produce an edge map that must be clean by extracting the edge characteristics of the original image, "Fig. 10" shows the images obtained using various edge detection technologies as well as the suggested system.                         [image: ]
Fig. 10: (a) Original Image (b)Sobel  (c) Roberts (d)Zerocross (e) Canny (f)The Proposed System
We will notice that the edges detected in the proposed system are more than the edges detected in other methods, as the proposed system was able to detect the undiscovered edges in traditional methods, thus increasing the detection efficiency to be used in applications that require more edge detection.                                                                                  
The proposed system can evaluate by computing the  mean square error (MSE) and the peak signal to noise ratio (PSNR) as shown in the Table  3.  the result of these operations to different medical images.


TABLE 3.: PERFORMMANCE PARAMETERS
	No.
Experiments
	Mean
Square
Error(MSE)
	Peak Signal to
Noise
Ratio(PSNR)(db)

	1
	0.0046153
	67.9909

	2
	0.0062524
	68.4634

	3
	0.0032580
	66.0574

	4
	0.0071312
	70.7936

	5
	0.0234521
	68.2341




V. Conclusions
    The proposed system has been successfully tested on various types of medical images, including the brain, kidneys, and heart. It can also be applied to any type of image. The proposed system also features in detection of edges in relying on the vector average, which eliminates randomness in the directions calculated from previously vector information and makes them regular, which gives better and more accurate results and increases the clarity of edges in the image. Also, the process of analyzing the image texture (to find the edge map) and extracting the features is an essential step in the system where the texture of the image is analyzed using the Laws texture technique and then the image properties are studied. There are several techniques used in analyzing the texture, but the analysis using Law's Texture method has proven its effectiveness. The application used in this study, but greatly increases the processing time. The proposed system gives better results compared to previous methods of edge detection, and the edges can be detected in complex medical images with high accuracy compared to the existing conventional models. Edge extraction can be helpful for clinicians in detecting abnormalities in the human body.                                           
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