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Abstract
An adaptive edge image magnification (remapping) mechanism is presented in this paper. The motivation behind this work is to reduce the spatial resolution distortion, this arise when we reconstruct (the output image) from the original one via interpolation and remapping. The spatial resolution effect (like aliasing effect) is quite evident in the sharp regions (i.e., boundary i.e. edges or high frequency information) within the image. The reason of appearance such effects is due to raster mapping methods which are not suitable for images contain significant amount of edges. Thus the solution is to process the smooth components and the edge component in a separable ways as it will be explained in this paper.
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Introduction
        In some applications of image processing field, the need will arise for merging or matching different images (for the same scene but) with different spatial resolutions. In such cases, the possibility of magnifying the images with low –spatial resolution may offer the appropriate clue to perform the merging process. The traditional of process will produce significant distortion when the magnification-ratio is high.
        The aim of the current work is to study the possibility of utilizing some digital image processing method to perform an image resampling or remapping under the condition of reducing the visual distortion (like aliasing effects), which naturally may accrue due to the approximations involved with the remapping processes. This work aim to study the suitability of using some interpolation methods (based on different image processing approaches) to produce a magnified image with an acceptable quality. In this work, decomposition process will be utilized to split the image information into two parts, the first will contain the low-frequency (smooth) part of the image information whereas the second part will contain the high frequency components (i.e. edges). Using the traditional spatial or frequency interpolation methods while using some theorems of curve representation could easily expand the smoothing part or interpolation method can magnify the edges.[1]

The Image Decomposition (Edge Detection) method

            The edges correspond, in physical world, to an abrupt change in intensity. It is often the consequence of change in some physical property such as reflection illumination, shading, orientation, etc. Thus edges can be defined as a sampling connected contour, on pixel thick, at the center of the slope between two adjacent regions with a considerable difference in gray level. An image can be considered to be the sum of its low and high frequency component

Gradient Filter 

The most common and historically earliest edge is the gradient "G(x)" and direction "((x)" can be computed as:[2]

G(x) = ((x2 + (y2)1/2     ,…….……….…….……....(1)

((x) = tan-1 ((x / (y)     ,..………………….…….…(2)
where:
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Equation (1) shows the operator G(x) forms a suitable way of measuring the magnitude of variation of the intensities along the orthogonal direction (i.e., (x and (y). Figure (1) shows the digital mask of the Kirsch operator. 

	(X
	
	(Y

	5
	5
	5
	
	-3
	5
	5

	-3
	0
	-3
	
	-3
	0
	5

	-3
	-3
	-3
	
	-3
	-3
	-3

	Figure (1) The digital masks of the kirsch operator
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A threshold procedure was utilized throughout the stage of producing edge image component, such that the result can obtained as following:

where g(x,y) is the processed pixel value ,  T is nonnegative threshold value

The motivation behind the threshold procedure is to reduce the false edges may be detected through the splitting process. To determine the value of (T) the average of the absolute values of the edges component was calculated and a certain multiple factor (c) was adopted,

 T = c E                ..........................................…... (5)

Where, E is the average of absolute values of the edge component.  

Edge Thinning

It has been noticed that the threshold mechanism solely can not offer sufficient capabilities to avoid the occurrence of some defects in the output edges. Two principal defects characterize the output of the threshold process these edges are either thick or/and broken. It is found that these two kinds of defects occur in contradicting manner, i.e., increasing the threshold value lead to decrease the occurrence of thick edges and increase the occurrence of broken edges and vice versa. In the current research work, an edge thinning method will be considered due to its relevancy to the recent work.
Zhang & Suen Thinning Method 

This algorithm is developed by Zhang & Suen [1] to perform thinning for the binary images. Before discussing the scheme of this algorithm, let the value of the edge pixel is set to 1 and background set to be 0.

The algorithm consists of the following two passes. 

1st pass: Any edge pixel satisfies the following conditions:
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a. 2 ≤ N(p1) ≤ 6   b. S(p1) =1   c. p2.p4.p6 = 0   d. p4.p6.p8 = 0

Should be removed (i.e., set its value to 0)

Where: N(p1) means the number of surrounding neighbors whose    values is (1).

S(p1) is the number of transitions from zero to one in the sequence  p2, p3, …..p8, p9       

2nd pass: If the edge pixel does not fulfill all the conditions listed in step (1) then the following sections should be tested:

a. 2 ≤ N(p1) ≤ 6   b. S(p1) =1    c. p2.p4.p8 = 0   d. p2.p6.p8 = 0

Once it is fulfilled then the edge pixel should be removed. Figure (2.b) shows the edge image constructed by applying the kirsch operator on the tested image of figure (2.a).
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(a) Original image (256(256 pixel)          (b) Edge image (256(256 pixel)

Figure (2) The original image and its edge component

Raster mapping (spatially interpolation) methods 

The output pixels are mapped into fractional position in the input image, generally falling in the space between four input pixels, thus the interpolation is necessary to determine the gray level of output pixel [2]. The following section discuss an interpolation technique  

Nearest neighbor (zero-order) Interpolation
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It’s based on the adopting the gray value of the pixel (in the input image) that is nearest to the computed transformed (x′,y′) coordinates  as shown in figure (3) .The equation satisfy this transform is:

where,  x  is the original point location, x=0,…,(N-1)

x´ is new (interpolated)΄point location, x´=0,….(N´-1)
cint is a function to compute the integer value

N is original numbers of points, N´ is new numbers of points, 

 f(x) is the original point value, f´(x) is the new (interpolated) point value, 

f(x´) is the original point value at x´ and so on, cint = round integer
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Figure (3) The Nearest Neighbor interpolation
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a. Enlarged image by using nearest neighbor                b. Edge image obtained using kirsch operator

Figure (4) Enlarged original image and its edge component (1024×1024 pixel) 

Edge interpolation procedures
Figure (4.a) show enlarged image constructed by using nearest neighbor interpolation method. Figure (4.b) show its extracted edges by using the kirsch operator. It is quite evident that the results of (4.a) imply some unacceptable defects. This means that the edge pixels scaling operation by raster-mapping method causes some problems (giving defected edges). This section will be devoted to present convenient mathematical method to solve the above problem. This method is called B-spline interpolation (Vector mapping) methods. 

This adopted vector mapping method provide a very useful way for generating smooth transitions in intensities among two edge pixels for our vision perception. Two subsequent steps must be done, the first step has involves with the representation of the edge pixels as a chain of adjacent pixels (i.e., edge tracing), which will be discussed in next section. While, the second step involved with reconstructing smoothed curves for representing the sequence of edge pixels by using the above mentioned curve representation methods, this will be presented in section (5.2). 

Edge Tracking

         One of the most important tasks involved with the image edges is the ‘edge tracking or tracing’ [6]. The output of this process is a sequence of code used to describe the spatial position of 
the successive adjacent pixels forming a certain edge. Although, different methods are suggested in the literature [2], in this work a new algorithm was implemented [3]. This algorithm must be applied on edge image after the thinning process. The algorithm consist of two subsequent stages, the first stage involved with raster scanning the image pixel and detect if the pixel is the start of an edge. The second stage start when the edge terminal is detected (in the first stage), then, the adjacent neighbors are tested by follow the order shown in figure (5.a). If one the neighbor pixels is detected as subsequent edge pixel, then the neighbor test (second stage) will be repeated but by following the order shown in figure (5.b). The sequence of detected edge pixels will be recorded in certain arrays (i.e., Xedg & Yedg), in order to be send later to the curve representation method.

The suggested algorithm could be presented by the following list: 

Set Xd (array [0..7])={+1, +1, 0, -1, -1, -1, 0, +1}

Yd (array [0..7])={0, +1, 0, +1, 0, -1, -1, -1} 

AryDir (array [0..7])={0, +1, -1, +2, -2, +3, -3, 4}

For all image pixels begin  

if (it is edge point) then begin 

set Direc=0

repeat

L= number of neighbor edge points

if L>0 then begin

if L=1 then RemovePixel(x,y)

Set Flg=true 

Count=1

Xedg[1]=x
Yedg[1]=y

Nd=0

while (Flg=true) and (Nd<8) do

Set Dir=Direc+AryDir[Nd]
Flg=false

if (the neighbor pixel in direction Dir is an edge point) then

Count=Count+1

Xedg[count]=Xedg[count-1]+Dx [Dir]
Yedg[count]=Yedg[count-1]+Dy[Dir]

Direc=Dir

RemovePixel(x,y)

Flg=true

else inc(Nd,1)

end while

if Nd<8 then DrawSpline(Count,Xe,Ye)

end;  

until L=0    

end if         

next pixel
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Fig.5: The directions ordering

Cubic B-spline Interpolation Method
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(b) Other ordering (x denoted the previos detected direction)



In principle, the B-spline method is similar to the Bezier curves interpolation method shows in [4]. The main difference is the choice of blending function. The Bernistein blending function takes all points into account, except the end points. By contrast the third order B-spline blending function, which will be discussed, takes into account only the nearest points. The references [4, 5, and 6] give more mathematical details about this function. The Cubic B-Spline interpolation method could be described by the equation,   

where (Pi) is the parametric points.

Figure (6) shows the third order B-spline curves, the results indicate that such functions offer the enough flexibility to preserve most of local aspects may required. The slope at the end points could be handled by assuming some phantom points, these points could be determined by using the linear interpolating methods [6]. 
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                                   Fig.6:
                               The B-spline curves
Vector Mapping Results

Figure (7) show the results of using the B-spline interpolation method on the binary edge image given in figure (4.b). It is quite evident that the results show the capabilities of cubic B-spline to generate sharp arcs, its preserve the shape of horizontal and vertical lines but they generate stair shape lines when they tried to represent the oblique lines. Therefore the B-Spline is suitable when the edges have a significant amount of sharp corners or when there is a need to preserve the elongation of horizontal and vertical edges.
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Fig.7: Enlarged edge image) 1024×1024 pixel) by using B-spline interpolation
Conclusions 

In the previous sections the current research results are demonstrated and discussed, in this section the derived conclusion could be summarized by the following remarks:

1. In general the results obtained from using the common edge strength detector (gradient filters or kirsch operator) shows more satisfactory results. The reason is that the edge strength detector can detect the significant intensity changes after applying suitable threshold value.

2. The result of the raster mapping method (interpolation method) has shown the appearance of some defects (like the Aliasing effect) for the tested image (i.e., the original image). The appearance of these artifacts is increased when the enlargement ratio is increased.

3. The vector mapping method has shown satisfactory results, where the enlarged edges preserve their thickness and geometrical shapes.     

There are many directions in which the current research work could be developed. 
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تكبير حواف الصورالرقمية مع حفظ شكلها الهندسي
سلوان كمال جميل العاني، لؤي أدور جورج، فيصل غازي محمد
قسم الفيزياء - كلية العلوم - جامعة بغداد -الجادرية -بغداد/العراق
الخلاصة:


يتضمن البحث تقنية جديدة لخفض تأثير تشوهات الدقة المكانية ( الالياسنغ ) الذي يظهر في الصور الرقمية التي تنشا عندما تظهر الحاجة لإعادة بناء صورة رقمية معينة مكبرة أو مصغرة من عيناتها الأصلية. إن تأثير الدقة المكانية يظهر بوضوح في المناطق الحادة داخل الصورة (أي الحواف أو معلومات التردد العالي ).إن السبب وراء ظهور مثل تلك العيوب يعود الى استخدام طرق الترسيم النقطي العامة والتي لا تكون ملائمة للصور التي تحتوي على كمية مهمة من الحواف، لذلك فان الحل هو في معالجة المركبة الناعمة ( الترددات الواطئة) ومركبة الحافة (الترددات العالية ) بطرق مفصولة عن بعضها البعض والذي سيتم توضيحها خلال البحث.
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