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ABSTRACT This thesis will show how traditional processing methods on the square grid can be implemented using a hexagonal grid. The coding part as been done in C++ on a Digital Unix system powered by an alpha processor, as a set of functions extending the already existing image processing software IMP++ developed by the Center for Image Analysis of Uppsala University, Sweden. For some algorithms we will be able to compare the result between hexagonal and square processing subjectively with the existing hexagonal resample and display simulation. Generally we will try to see the difference in speed and number of operations. Keywords: hexagonal grid, image processing methods, C++
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1. INTRODUCTION Numerous numbers of papers [1,2,3] have been written about the hexagonal pixel grid superiority for image processing. Hexagons are the minimum energy solution when tangent circles (with flexible boundaries) are subjected to pressure. In nature it can be observed in many cases from the beehive to the organization of cones in the human retina. In the industry the range extends from Hexalite™ jogging shoes from Reebok™ (sole is made of 3D hexagonal air bubble) to soda crates and lately even a digital camera have hexagonal pixels. The rectangular pixel in image processing come from the fact that monitor display is mostly achieved by an electron beam swept in a raster scan over a grid and a rectangular one is the simplest way of doing it. The growing interest for hexagonal pixels emerges as computer technology evolves and fields like pattern recognition try to simulate more and more human sight [4,5]. The use of six equidistant edge neighbors simplify the otherwise more ambiguous problems that occur when defining the square pixel neighborhood, having to choose from 4/8 neighbors with different distance to the center pixel, resulting in easier ways to implement morphological operations. For radically symmetric objects, hexagonal sampling requires 13% fewer samples than rectangular sampling [7]. Because of the three main axes in hexagonal grid, we get less rotation dependent objects.
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2. APPROACH There are two common orientations of the hexagonal grid: side up or corner up, see Figures 1a) & 1b). A transformation from one to the other is obtained by a 30 degrees rotation. We will here take the corner up orientation, where the rows will be straight but we will get jagged columns. It will be almost the same as processing rectangular pixels, the only difference will be that for an even/odd pixel its neighbors won’t have the same index see Figures 1c), 1d) & 1e).



Figure 1 a) Side up hexagonal grid



Figure 1 b) Corner up hexagonal grid
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Figure 1 c) Array scheme in corner up grid
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Figure 1 d) Neighbor indexing of the corner up scheme for odd row



Figure 1 e) Neighbor indexing of the corner up scheme for even row 4



To acquire a hexagonal image we use a resample function of IMP++ [6], which convert an image from square grid to a hexagonal one. The pixel’s center from one grid is projected into the new one and determines its value (see Figure 2). This scheme is good if the pixel areas are more or less the same. To see the image there are some display screens that use the hexagonal grid, but they are rare. We will simulate low resolution hexagonal images on a regular square grid monitor by letting a formation of normal square pixels represent a hexagonal one (see Figure 3). The bigger the formation the better approximation of a true hexagon it becomes (see Table 1).



Figure 2 Mapping one grid to another



Figure 3 Representation of hexagonal pixel with square ones (7 pixels side length)
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Table 1. Approximations of hexagonal pixels by square ones Side Base Height Angle 3 5 7 9 11 13 15 17 19 21 23



3 4 6 8 10 11 13 15 16 18 20



2 3 4 5 6 7 8 9 10 11 12



112.6 106.3 112.6 116.0 118.1 115.1 116.8 118.1 116.0 117.1 118.1



Theoretical angle 120 120 120 120 120 120 120 120 120 120 120



Angle error Theoretical Area error Area (%) area (%) 6.2 30 23.38 28.3 11.4 64 64.95 1.5 6.2 132 127.3 3.7 3.3 224 210.4 6.4 1.6 340 314.4 8.1 4.1 440 439.1 0.2 2.7 598 584.6 2.8 1.6 780 750.8 3.9 3.3 928 938.0 1.1 2.3 1152 1146 0.5 1.6 1400 1374 1.9



We can mention one way of not having to bother about even/odd rows, which would be an inclined bases of vectors (see Figure 4). No "if-statement" is then required to access the six neighbors of pixel (u,v). The transformation from Cartesian coordinates (x,y) to (u,v) would be: x = u + v , y = 3 v . 2
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v Figure 4 a) Indexing



Figure 4 b) Axis
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3. PROGRAMMING ASSIGNMENTS (source code available in Appendix 6.3) All the pictures processed here were 8 bit gray scale (0:255 level) and 256×256 pixels big to start with. Some operations that only work on binary picture require applying a binary threshold to the “start” picture before processing. Algorithms were based on sequential iteration, from top-right to bottom left. In Figure 5 we have an example of the well-known Lena picture resampled to square/hexagonal grid where the simulated pixels have the same area.



Figure 5 a) Original picture



Figure 5 b) Square resampling (side 8 ⇒ area 64)



Figure 5 c) Hexagonal resampling (side 5 units ⇒ area 64)



7



3.1. Neighborhoods of arbitrary size Because of the propagating pattern of the neighborhoods, it was necessary to come up with a formula that could access all neighbors in neighborhoods of arbitrary size. We can observe that the indexing of the first rows increase as: - Neighborhood of odd row:  x -1: x 1rst layer: dy = y -1: y +1; dx =  x -1: x +1  x -1: x   x -1: x +1  x - 2 : x +1  2nd layer: dy = y - 2 : y + 2; dx = x - 2 : x + 2  x - 2 : x +1  x -1: x +1  - Neighborhood of even row:  x : x -1 1rst layer: dy = y -1: y +1; dx =  x -1: x +1  x : x -1   x -1: x +1  x -1: x + 2  2nd layer: dy = y - 2 : y + 2; dx = x - 2 : x + 2  x -1: x + 2  x -1: x +1  One way of indexing a loop that works but which is not that simple to implement is the following: - Neighborhood of size n, odd row for dy = y − n : y + n  dy − y   dy − y + 1 dx = x − n +  : x − n −   2  2  - Neighborhood of size n, even row for dy = y − n : y + n for



for



 dy − y + 1  dy − y  dx = x − n +  : x − n −   2  2 
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An algorithm counting the number of steps that had to be made from a pixel in a neighborhood layer toward the center pixel was made. Then we could easily use the square mask as if the picture is made of square pixels (see Figure 6). Every time we will have to check if the distance to the center pixel is less or equal to a chosen mask size (see the HexDistance function in Appendix 6.3 inside the hexfunctions.cc file).



3rd layer 2nd layer 1rst layer



Figure 6 a) Square neighbors accessing pattern



Even row: 1rst layer HexDistance = 1 Removing pixel when HexDistance ≠ 1 Odd row: 1rst layer HexDistance = 1 Removing pixel when HexDistance ≠ 1 Figure 6 b) Hexagonal neighbors accessing pattern using the square scheme combine with HexDistance We also had to make sure that for a given index the corresponding pixel exists, that is in the picture, hence we have jagged vertical edges. There were several implemented methods to check if a particular neighbor was inside the picture. Depending on the behavior of a function there was a dedicated corresponding method to check the value of a pixel and its existence that could match the specified requirement of the algorithm.



9



3.2. Thresholding In many of the forecoming-discussed functions, a binary threshold is required as a first step. The goal of this transformation is to transform a grey level image into a binary image. This method is used when the relevant information in the grey level image corresponds to a specific grey level interval. In this case, the binary image is set to 1 for the set of pixels of interest and to 0 for all other pixels (the background), see Figures 7a) – 7c). Various thresholds are available, where Input is the original image and output is the thresholded image: - Threshold with lower bound    ( , )≥λ    1 if ( , )=    ( , )λ 0 if This is the one used in this paper see hexthreshold.cc in Appendix 6.3. - Threshold between two bounds 1 if λ1 ≤   ( , ) ≤ λ2     



 ( , )=    



( , ) < λ1 or   ( , ) > λ2 0 if f(x)



f(x)



1



1



λ 255



x



Figure 7 a) Threshold with lower bound
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Figure 7 b) Threshold with upper bound
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Figure 7 c) Threshold with two bounds 10



3.3. Mean filter The Mean filter is a local average filter often referred as Low pass filter for its behavior in the Fourier domain. High frequencies are attenuated and low frequencies preserved. It has a “leveling out” effect, noise gets neutralized as well as details. Blurred contours result from averaging between inhomogeneous regions. The bigger the size of the neighborhood the stronger the effect on the resulting picture will be. The mean filter is a linear filter, meaning that it is a discrete convolution having its equivalence in the frequency domain. The inpicture loops with a chosen neighborhood size (Figure 8 shows the first layer). The center pixel value in the out-picture will be the sum of the neighborhood n in _valuei values divided by the number of neighbors: ∑ ⋅ weight n i=1 The weights were chosen here as 1. Different weight can be used to reduce the “leveling out” effect.
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1 7
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in _value i ⋅1 7 i=1
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Figure 8 a) Pattern for the first layer (size = 1)



Figure 8 b) Formula for calculating the center pixel’s new value



We can notice that in the first layer we have two neighbors less that in the traditional square pixel case with a 3×3 neighborhood. This results in two fewer operations. In fact, we have (n-1)/4 fewer pixels in the hexagonal neighborhood compare to the square one, which is exactly 25% less. In Figure 9 we have an example of the mean filter applied to the square/hexagonal picture seen in Figure 5.
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Figure 9 a) Square sampled picture



Figure 9 b) Mean filter size 1 applied to a)



Figure 9 c) Hexagonal sampled picture



Figure 9 d) Mean filter size 1 applied to c)



Figure 9 e) Mean filter size 2 applied to a)



Figure 9 f) Mean filter size 2 applied to c) 12



In order to be able to increase the size of the mask here, we used the function HexDistance, see section 3.1, to check if a particular pixel that is part of the traditional n×n mask also is part of the hexagonal mask of layer n. Then we use two counters, one for the number of neighbors visited, the other adding their respective values. The center pixel of the generated picture will then have the quotient of these two values. The source code for this function is available in Appendix 6.3 (see hexmean.cc). 3.4. Median filter The median filter is a rank order filtering, based on local ordering of intensity. Unlike the mean filter it is a nonlinear filter without a correspondence in the frequency domain. It is effective for removing noise. Its two major characteristics are: because no new intensity is created in the output image, sharp edges are preserved; and few isolated extreme values won’t affect the final result. Because it is nonlinear it does not uses all the information in the picture. The median filter will store the neighborhood’s values in an array see Figures 10a) & 10b) and after sorting its elements will attribute the center pixel the middle element of the array n + 1 (for n elements the middle will be: array 0:n ). The bubble based sorting  2  function “Sort” found in the hexfunction.cc (see Appendix 6.3), takes the unsorted array of the neighborhood as a parameter and return that same array sorted. The weights here were also chosen as 1. Sorting the array increasingly 1 1



1 1



1 1



array 0:6 [a,b,c,d,e, f ,g] = array 0:6



 6 + 1 = array3 [c ]  2 



1



Figure 10 a) Pattern for the first layer (size = 1)



Figure 10 b) Formula for calculating the center pixel’s new value



In order to be able to increase the size of the mask here, we still used “HexDistance” (as for the Mean filter case) to check if a particular pixel that is part of the traditional n×n mask also is part of the hexagonal mask of layer n. Only one counter for the number of neighbors visited was needed here, since we used an array to store the neighborhood’s values. The source code for this function is available in Appendix 6.3 (hexmedian.cc). In Figure 11 we have an example of the mean filter applied to the square/hexagonal picture seen in Figure 5.
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Figure 11 a) Square sampled picture



Figure 11 b) Median filter size 1 applied to a)



Figure 11 c) Hexagonal sampled picture



Figure 11 d) Median filter size 1 applied to c)
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3.5. Connected component labeling First we will introduce a few notions of connectivity. In the continuous case, a set X is connected, if for any points A & B belonging to X, there is a path linking A & B and entirely included in X. To explain connectivity for a discrete grid one need to define the notion of adjacent points and check if the results of the continuous case still hold in the discrete. The notion of adjacent points is straightforward for a hexagonal grid as shown in Figure 12 a), where an arbitrary point has six neighbors that form a hexagon. A connected loop, i.e. a closed path consisting of a sequence of adjacent points, divides the plane into two connected components A & B, see Figure 12 b).



B A



Figure 12 a) Hexagonal connectivity



Figure 12 b) Closed path



Problems arise with the square grid, as two types of connectivity may be defined: the 4-connectivity (4 adjacent points) and the 8-connectivity (8 adjacent points) as illustrated in Figure 13 a). If we consider an 8-connected loop, “exterior points” (set B) are linked with “interior points” (set A) by a connected path as shown in the left upper corner of Figure 13 b). More generally, 8-connected paths fail to split a region into two disconnected sub regions. B A



B1 B2



Figure 13 a) 4/8 square connectivity



Figure 13 b) Two closed paths
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On the other hand, 4-connectivity may cause a loop to split the plane in 3 connected components. The right lower corner of Figure 13 b) shows that there is no possible connected path between “exterior” points linking B1 and B2. It is possible to eliminate these artifacts by choosing different connectivity for the “phase” (pixels set to one) and the background (pixels set to 0). This ensures that the path of the phase and the path of the background cannot intersect. In the example of the left upper corner of Figure 13 b), there is no 4-connected path crossing the loop. As for the right lower corner of Figure 13 b), B1 and B2 are linked by an 8-connected path. As mentioned above, such problems do not occur when using the hexagonal grid. This is why many morphological operators like connected components have much simpler formulation with this grid. Component labeling is a topological operator. We will apply a threshold filter (see hexthreshold.cc in Appendix 6.3) to the input picture in order to obtain a binary (bilevel) input picture to start with (which is required for the algorithm to work). Each component this binary image (connected component) is identified and is given a unique label. Labels will be represented by symbolic gray values. In order to deal with mismatching labels we will create an equivalence table. The equivalence table is initialize at the beginning of the algorithm with a default value set to: table[i] = i. The procedure involves 3 passes: - The first pass consist of two raster scans, using a forward and a backward mask, see Figures 14 a) & 14 b), to loop the input picture. At this point the pixels of the input image have been classified into background and object points. Background points are ignored in the algorithm. Labeling is only performed for object pixels. Source of confusion to avoid: besides the gray value at a current point p the algorithm uses also the gray values of the previously processed neighbors of the current point p. These grey values are not original gray values anymore. Because of the sequential processing mode they are already symbolic gray values, i.e. labels of segments.



g2 g1



g3 p p g3



Figure 14 a) Forward mask



g1 g2



Figure 14 b) Backward mask
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For the current point p, if p = 0 move the mask (ignoring background pixels) to the next position. If p = 1 we will consider 2 possibilities. The first being g1 = g2 = g3 = 0. In that case p is assigned a new label (the smallest not attributed so far). The second covers all other cases, where p is assigned the lowest label of its neighbors gmin and we will send to an equivalence table the following statement: table[g1] = table[g2] = table[g3] = gmin. - The second pass will consist in updating the equivalence table so that it becomes non-multiple recursive (a label should not point to an other one anymore) and reloop the image adequately. - The third pass will make the labels consecutive. It loops a last time over the image to set the proper result. Figures 15 a) – 15 c) will illustrate the three different passes of the algorithm adding some clarity. The function is called hexlabel.cc and can be found in Appendix 6.3.
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Figure 15 b) 2nd pass of connected component labelling table[4] = table[3]
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Figure 15 a) 1rst pass of connected component labelling 1 : table[2] = 1 2 : table[3] = 1 3 : table[4] = 3
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Figure 15 c) 3rd pass of connected component labelling



17



3.6. Mathematical morphology Mathematical morphology is based on the use of sets of operators (intersection, union, inclusion, complement) to transform an image. The transformed image has usually fewer details, implying a loss of information, but its main characteristics are still present. Once the image is simplified, a set of measurements can be computed to give a quantitative image analysis process. The principle of a morphological transform is based on the choice of a mobile element called “structuring element” denoted B and characterized by a shape, a size, and the location of its center. Each object of the image will be compared with B. This is achieved by moving B such that its center hits all the points of the image. For each position of B, one looks for the inclusion or the intersection of B with the objects of the image. The basic operations include erosion, dilation, opening and closing. For these algorithms to work we have to begin with a binary picture. All the operations will be demonstrated starting from a regular ring Figure 16 a) that has been resampled to the hexagonal grid with size 11 Figure 16 b) and finally thresholded at value 125 Figure 16 c).



Figure 16 a) Original ring



Figure 16 b) Ring in a) hexagonally sampled (side = 11)



Figure 16 c) Ring in b) thresholded at 125
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3.6.1. Erosion Definition: let A & B be sets in Z2. The erosion of A & B is the set of all pixels such as B translated with x ∈ A. A ⊕ B = {x | (B)x ∈ A}, Minkowski’s subtraction. Properties: an erosion removes isolated points and the small particles, shrinks the other particles, discards peaks on the boundary of the objects, and disconnects some particles. On a hexagonal grid, the choice of the number of neighbors is more straightforward as a point has 6 neighbors, all at the same distance (compared to the 4/8-connected neighborhood of the square grid). The image is sequentially processed. The background pixels are not involved, only the object pixels are taken in account. Each object pixel’s neighborhood is checked, if one of the neighbors is missing the center pixel will be removed (see Figure 17).
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Figure 17 a) Example erosion in the input image
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Figure 17 c) Hexagonal ring
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Figure 17 b) Corresponding result in the output image



Figure 17 d) Erosion of c) using the smallest neighborhood as structuring element
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3.6.2. Dilation Definition: let A & B be sets in Z2. The dilation of A & B is defined such a: A ⊕ B = {c | c = a + b for a ∈ A & b ∈ B} Properties: a dilation fill small holes inside the particles and gulfs on the boundary of objects, enlarges the size of particles and may connect neighboring particles. The processing is almost the same as erosion, but this time we will fill the neighborhood mask, see Figures 18 a) – 18 d).
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Figure 18 a) Example of dilation in the input image



Figure 18 c) Hexagonal ring
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Figure 18 b) Corresponding result in the output image



Figure 18 d) Dilation of c) using the smallest neighborhood as structuring element
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Dilation, as well as erosion, can be iterated, to generate a large size erosion or dilation. This means that instead of using a larger structuring element, it is often possible to use a smaller one repeatedly, to get the same effect, although not all dilations with a large structuring element can be so decomposed. I order to be able to apply the functions erosion & dilation more than one time there were some new procedures to include. A temporary picture is created to enable the looping without alterating the original one. At each end of the loop we then copy the output picture to the temporary one in order to edit it at the next loop. If only one iteration is selected, this last step is discarded. In dilation we had to copy the input picture to the temporary so that we wouldn’t write over the picture twice (canceling the effect of dilation on the right and bottom of objects). An other approach could have been to split the neighbors and apply a forward and backward motion of the mask (two loops are necessary). Erosion and dilation are dual operations with respect to complementation. Dilate an image is similar to erode the inverse image, in other words, to dilate the object (pixels with value 1) is equal to erode the background (pixels with value 0).
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3.6.3. Opening The idea behind this transformation is to introduce an operation which does not destroy as much information as the erosion. It will discard small objects, but it will keep the largest ones with a shape very similar in the original and the final images. Definition: let A & B be set in Z2. The opening is a combination of an erosion followed by a dilation. The opening of A & B is defined such a: A B = (A ⊕ B ) ⊕ B Properties: the opening removes small objects, small details on the boundary such as peaks and isthmuses, and it may disconnect some particles. Repetitive openings have no effect see Figures 19 a) & 19 b). The function could be easily implemented in IMP++ as a macro that just calls the HexErode and HexDilate functions. Only 2 lines of coding were needed, see HexOpenMacro.impish in Appendix 6.3.



Figure 19 a) Hexagonal ring



Figure 19 b) Opening of a)
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3.6.4. Closing The idea is to define something similar to a dilation, but less destructive. Definition: let A & B be sets in Z2. The closing is a combination of a dilation followed by an erosion. The closing of A & B is defined such a: A • B = (A + B ) ⊕ B Properties: the opening fills the holes inside the particles, eliminates small details by smoothing the boundary from the outside and connects close particles see Figures 20 a) & 20 b). Because of the nature of the function, a dilation followed by a erosion, it was implemented as a macro that just calls the HexDilate and HexErode functions. Only two lines of coding were needed also here, see HexCloseMacro.impish in Appendix 6.3.



Figure 20 a) Hexagonal ring



Figure 20 b) Closing of a) using the smallest neighborhood as structuring element
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3.7. Logical operators These operations are usually performed on binary images. In a binary image, a pixel with value 1 has the value true and a pixel with value 0 a value false. We will link each logical operation with a Boolean operation. One may actually consider that, in a binary image I, all pixels with value 1 belong to set A, and all 0 pixels to the complement of A or the background. 3.7.1. Logical AND The minimum operation on a binary image is equivalent to a logical AND, or to the intersection of two sets see Figures 21 a) – 21 c), as it appears in Table 2. Table 2. Boolean table of logical AND A B A∧B 1 1 1 1 0 0 0 1 0 0 0 0



Figure 21 a) Image A



Figure 21 b) Image B



Figure 21 c) Intersection of a) and b) A∩B = {x; x ∈ A and x ∈ B}



24



3.7.2. Logical OR The maximum operation on a binary image is equivalent to a logical OR, or to the union of two sets see Figures 22 a) – 22 c), as it appears in Table 3. Table 3. Boolean table of logical OR A B A∨B 1 1 1 1 0 1 0 1 1 0 0 0



Figure 22 a) Image A



Figure 22 b) Image B



Figure 22 c) Union of a) and b) A∪B = {x; x ∈ A or x ∈ B}
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3.7.3. Logical XOR (exclusive OR) The exclusive OR operation on a binary image is shown in Figures 23 a) – 23 c), according to Table 4. Table 4. Boolean table of logical XOR A B A∆B 1 1 0 1 0 1 0 1 1 0 0 0



Figure 23 a) Image A



Figure 23 b) Image B



Figure 23 c) XOR of a) and b) A∆B = {x; x ∈ A and x ∉ B or x ∉ A and x ∈ B }
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3.7.4. Logical NOT The NOT operation on a binary image is shown in Figure 24, according to Table 5. Table 5. Boolean table of logical NOT A B AC 1 1 1 1 0 1



AC



Figure 24 Image complement AC = {x ∈ I or x ∉ A} Although we have only talked here about logical operations on binary images, it may be interesting to know that theses operators can also be performed on grey level images. One way of applying logical operations on grey level images, can be applying these logical operations on binary images for each bit plane. Let us consider the two images I1 and I2, and perform a logical AND operation. Suppose that for pixel (n,m), intensities I1 and I2 are respectively equal to I1(n,m) = 5 and I2(n,m) = 12. What will be the value of the result O(n,m)? If we consider the binary coding of the two numbers and apply the operator to each of the eight bits: Table 6. Output(n,m) = 0000100bin or 4dec 5 0 0 0 0 1 0 1 12 0 0 0 1 1 0 0 0 0 0 0 1 0 0 5∧12
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3.7.5. Concavity filling This operator fills the concave regions of a bilevel image, based on a definition of local concavities. Only background pixels are going to be treated. A concavity criterion must be defined for a given background pixel. For such a pixel we will seek if there is at least three of its neighbors that are object pixels. If this is the case then the pixel will be filled see Figures 25 a) & 25 b). The process is iterative and will be carried through out the picture, as many times as there are pixels that are still modified. The process will stop when an iteration makes no more changes to the out picture. The result of the process is the smallest covering hexagon. To demonstrate the function efficiency, a test picture, having concavities in all directions and a hole, has been created and processed see Figures 25 c) – 25 g). The function hexfill.cc can be found in Appendix 6.3.



Figure 25 a) Picture with two concavities according to our definition



Figure 25 c) Original picture



Figure 25 b) Filling of figure 24 a)



Figure 25 d) Hexagonal sampling (size = 11)
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Figure 25 e) Picture thresholded at 125



Figure 25 f) Concavities filled in e)



Figure 25 g) Convex deficiency of e)



29



3.8. Distance transform 3.8.1. Honeycomb transform The honeycomb transform in the hexagonal grid is the equivalent of the city block and chessboard transform for the square grid. This distance function, only applicable to a binary image, gives a grey level output image, where every pixel with value 1 in the input image is given a grey level value equal to the shortest distance from the pixel to the boundary. For the honeycomb this value corresponds to the size of the smallest erosion which will make this point disappear. Only the object pixels will be treated here. The algorithm is split into a forward pass and a backward pass, see Figures 26 a) & 26 b). For each p we will compute the minimum of its neighbors g1, g2 and g3.
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g2+1 g1+1



p p+0 g3+1



Figure 26 a) Forward mask p = min (g1+1, g2+1, g3+1)



g1+1



g2+1



Figure 26 b) Backward mask p = min (p+0, g1+1, g2+1, g3+1)



Figures 26 c) - 26 f) shows the result of the honeycomb function, see hexhoneycomb.cc in Appendix 6.3.



1 1 1 1 2 2 1 1 2 3 2 1 1 2 2 1 1 1 1



Figure 26 c) Original binary picture



Figure 26 d) Honeycomb transform
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Figure 26 e) Original binary picture



Figure 26 f) Honeycomb distance transform



Being of the same kind that the city block and the chessboard this distance transform is a much better approximation of the Euclidean distance transform. According to [1] the maximum error from the Euclidean distance is of 13.4% for the honeycomb, 58.6% for the city block and 41.4% for the chessboard.
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3.8.2. Reverse distance transform The reverse distance function is applicable to a grey level image. For any given set of point objects in the picture, it will give a grey level output image, where the point will keep its value but its neighborhood will be given this value minus the distance to this center point. This pattern will stretch until we reach the background. These values correspond to the number of repetitions of a dilation on a particular starting from a grey value point pixel. All pixel will be treated here. The algorithm is split into a forward pass and a backward pass, see Figures 27 a) & 27 b). For each p we will compute the maximum of its neighbors g1, g2 and g3.
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Figure 27 a) Forward mask p = max (p, g1-1, g2-1, g3-1)
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Figure 27 b) Backward mask p = max (p, g1-1, g2-1, g3-1)



Figures 26c) and 26d) show the result of the reverse distance function, see hexhoneycombreverse.cc in Appendix 6.3.
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Figure 27 c) Original grey level picture
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Figure 27 d) Reverse distance transform
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3.9. Analysis The purpose of quantitative analysis is to extract new representations from images, in terms of measurements. These parameters can then be compared to a priori information, classified, or used to identify objects in an image. These parameters usually fall in two classes: -Local measures: they can be computed by segmenting each original object into a union of disjoint elements, on which elementary measurements are performed. The local measure is then defined as the sum of elementary measures on the disjoint sets. As an example, the surface of an object is defined as the sum of the areas of the pixels in an object. These measures are mostly computed with neighborhood operators. -Global measures: they cannot be deduced from the above mentioned decomposition, as they require the knowledge of the entire object to be computed. As an example, Feret diameters cannot be computed from the Feret diameters of subsets of the object. These global measures should thus be computed for objects which are fully visible, or equivalently, fall into the image field and do not intersect the field boundary. We will here cover two measures, area and shape factor (P2A), that are local measures. 3.9.1. Area In the continuous case, it is defined as:



A(x) =



∫ dxdy



R2



In the discrete case, it is approximated by the number of pixels in X:



A(x) = ∑ g(x i, y j ) i, j



where



g(x i, y j ) = 1 if the pixel lies within the object X



g(x i, y j ) = 0 otherwise This measure can be weighted by a size factor which characterizes the area of a single pixel. In that case, the measure is physically homogeneous to an area (useful in domains like astronomy and electron microscopy studies). Because the result is an integer (sum of pixels), it can be seen on the result picture as a uniform grey value on the object as shown in Figures 28 a) and 28 b) (see hexarea.cc in Appendix 6.3).
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Figure 28 a) Original picture



Figure 28 b) Area value 33



3.9.2. Shape factor (P2A) A shape cannot be characterized by a single measure, or even a simple set of measures. Several quantities have been defined, to account for specific shape characteristics. The most common such measure is the shape factor, defined as:



L(X) 2 FC = 4π ⋅ A(X )
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is the perimeter



  is the area  ∫2 This shape factor is invariant to rotation, reflection and scaling. It has no dimension. This parameter is minimal and equal to 1 for a disk. It is not a local measure, as per our definition, but a combination of local measures. It usually measures the elongation of an object. An elongated set has a high shape factor. It can also measure an object roughness, as a cranked disk has a higher shape factor, even though it is overall circular. This parameter must be handled with care, since it characterizes different physical aspects. We see from the formula that we need the perimeter in order to calculate the shape factor. The perimeter designates the length of the object boundary. In the continuous case, let x(t) and y(t) be a parametric representation of the L(X ) = 2
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boundary curve δX, its perimeter is obtained as: This formula, which has no obvious discrete equivalent, is mostly useless for our concern. In the discrete case, the perimeter of an object can be simply estimated as the object minus its erosion. A counting scheme is then required to calculate the number of points left which compose the boundary. For the hexagonal grid this is straightforward, because of its equidistant the pixels,    square  grid is more complex because there are two distances 1 and Because the shape factor is not an integer, we choose to display it on the terminal window preceded with the perimeter (Figure 29b) and the area (Figure 29a), see hexp2a.cc in Appendix 6.3.



Figure 29 a) Original picture



Figure 29 b) P2A = 6/(4π•7) 34



3.7. Edge detection Edge detection is based upon the detection of local discontinuities which mainly correspond to the boundaries of objects in an image. There is much psychological evidence, such as our ability to understand sketches or comic strips, that object boundaries are important in the visual perception process. We shall first define an edge, then present our edge detection technique. An edge in a signal is usually defined as a transition in the intensity or amplitude of that signal, also known as a discontinuity. Typically, an ideal one-dimension edge can be defined as a step from low to high intensity. In practice, the signal is usually disturbed by noise. Then the edge is defined as the transition from an average low to an average high intensity. Such edges are shown in Figure 30, and are characterized by their contrast (difference between high and low intensity), and by their width, or rate-of-change. high level



high level



contast



low level



low level width Figure 30 Edge model



It is well known that for the signal of Figure 31 a), the transition point can be marked as the maximum of the first derivative (Figure 31 b), or the zero crossing of the second-order derivative (Figure 31 c).



Figure 31 a) 1-D edge



Figure 31 b) 1st order derivative



Figure 31 c) 2nd order derivative
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Moreover, the first-order derivative is higher for a sharp transition profile than for a smooth transition as shown in Figures 32 a) & 32 b).



Figure 32 a) Sharp edge



Figure 32 b) Smooth edge These facts tend to suggest enhancing local edges using differentiation as a strategy for edge detection. To compute the edges of a given input image, we used the 3 masks of Figure 33 simultaneously. The output pixel (the center one) will be equal to:
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Figure 33 Weights of the 3-directions (0°, 120° & 240)° edge detector masks used The following, Figures 34 a) - 34 e), images show the effect on the classic Lena picture, the code can be found in hexedgedetect.cc in Appendix 6.



36



Figure 34 a) Original picture



Figure 34 b) Edge detection on a) with the 0°mask



Figure 34 c) Edge detection on a) with the 120°mask



Figure 34 d) Edge detection on a) with the 240°mask



Figure 34 e) Edge detection on a), sum of the three masks
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4. CONCLUSION The compiling phase when working with IMP++ is a bit tricky, since a lot of macro and library are loaded when giving the “make” command. The user have to make sure that all the right parameters are given in the linking file IMP++. This was achieved here, but not without huge help from the IMP++ designer Bo Nordin who updated the IMP++ core along the way, as it is a C-code ported to the new C++ version. Some difficulties in adapting the mathematical algorithms were due to the differences in representation of types. Algorithms usually represent, for example, binary object pictures as 1 and background as 0. However, the display of bilevel pictures is done in grey level on the screen. Grey levels ranges from 0 to 255 for 8 bit images and IMP++ attributes black to 0 and white to 255. A remodeling of every algorithm was necessary to permit a correct and legible representation on the monitor. An other important difficulty was the handling of out-of-picture pixels. In fact, several methods were used to accommodate each functions special requirements. If we used a square mask combined with the distance calculating function to access the neighborhood, a simple logical condition in the loop could verify if the indexes were positive. The labeling scheme had, for example, a special function returning the value of a pixel if it existed or returning a white value otherwise (255), which can be interpreted as if the boundaries of the image were increased by a white row/column. In general, a hexagonal grid with only six direct neighbors gives 25% less operations comparing to the square grid 8-connectedness neighboring and still covers every neighbor (as opposed to the square 4-connectedness neighboring). Additionally, we see some simplification in computing with the first layer neighborhood. Because of its equidistant, pattern different weights are not needed. This equidistance makes the perimeter conversion to real length units a straightforward operation as horizontal, vertical and diagonal neighbors are at the same distance. The honeycomb distance transform gives a maximum of 13.4% error compared to the 58.6% of the city block and the 41.4% of the chessboard. Subjectively, natural scenes hexagonal images are more realistic at low resolution due to the better approximation of a circle. The three directional axis of the hexagonal grid compared with the two of the square grid makes all operations less rotation dependent.
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6. APPENDIX 6.1. USER MANUAL (using my functions) 6.1.1 Start with command line >imp++ & 6.1.2 File>Open>image> 6.1.3 Process>ResampleToNonSquareTiling> R_size: enter a side lengh 3-99, recommended from table1. 11 tile: hexagon 6.1.4 Cedric>Hex...> 6.1.5 Process>DisplayNonSquareTiling> R_size: enter a side length 3-99
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6.2. SUPER USER MANUAL (writing in imp++ steps) 6.2.1 Include in the .cc files #include "imptypes.h" #include "imppixel.h" these files are located in /usr/users2/bosse/Imp/Imp/ 6.2.2 Create a dir named Myimp++ on your account 6.2.3 In .cshrc add the following 2 lines setenv IMPMODDIR /usr/users/cedric/Myimp++ setenv XENVIRONMEN /usr/local/lib/Imp++/IMP++ 6.2.4 The .C file should begin with extern "C" int functionname() { ... } 6.2.5 Add the new function to impcppfunctions.h like this FUNCTION functionname(); (The impmodfunctions.h is generated from the file above) 6.2.6 Add in Makefile SRCS = filename.cc OBJS = filename.o 6.2.7 Compile with command line >make (or makeall, if there is classes and a lot of linking involves) 6.2.8 Put your own button in imp++ tool bar, add in the IMP++ file # # Button’s name: Button1 # IMP++*FonctionnameMenu: Button1 6.2.9 Parameter syntax in function: IMAGE *src, IMAGE *dest, INT *x, ... in impcppfunctions.h: IMAGE *src, IMAGE OUT *dest, INT *x 6.2.10 Macro a. Add in file .impmodinit MACRO functionname(IMAGE *src,IMAGE OUT *dest); b. Create a file "functionname.impish and type: function1 src=$src dest=tmp; function2 src=tmp dest=$dest; (nothing in Makefile but don’t forget to add the button in IMP++)
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6.3. Program code >File: IMP++ # # "Global" imp resources # #IMP++*XmLabel.fontList: -adobe-times-bold-r-normal--12-120-*-*-p-*-iso8859-1 IMP++*fontList: lucidasanstypewriter-bold-12 IMP++*Fed*fontList:-adobe-helvetica-bold-r-normal--11-80-100-100-p-60-iso8859-1 #IMP++*Fed*fontList: -adobe-times-bold-r-normal--12-120-75-75-p-67-iso8859-1 IMP++*background: grey IMP++*foreground: black IMP++*iMP.title: IMP++ IMP++*iMP.iconName: IMP++ IMP++*impForm.width: 800 IMP++*greyLevels: 64 IMP++*rgbLevels: 128 IMP++*separateColormap: 0 IMP++*parameterLabelWidth: 150 # # Placement in the menu # # 1. File # IMP++*ReadImageMenu: File.Open IMP++*ReadGIFMenu: File.Import IMP++*ReadGIFBefore: WriteImage IMP++*ReadJPEGMenu: File.Import IMP++*ReadPNMMenu: File.Import IMP++*ReadTIFFMenu: File.Import IMP++*ReadRawImageMenu: File.Import IMP++*ReadRawImageAfter: ReadTIFF IMP++*WriteImageMenu: File.Save IMP++*SaveGIFMenu: File.Export IMP++*SaveJPEGMenu: File.Export IMP++*SavePNMMenu: File.Export IMP++*SaveTIFFMenu: File.Export IMP++*SaveRawImageMenu: File.Export IMP++*SaveRawImageAfter: SaveTIFF IMP++*SaveGIFBefore: CreateImage IMP++*CreateImageMenu: File.Create IMP++*CreateZoneImageMenu: File.Create IMP++*CreateRampImageMenu: File.Create IMP++*CreateCheckerImageMenu: File.Create IMP++*CaptureXWindowMenu: File.Create IMP++*CreateRegionMenu: File.Create IMP++*GenZonePicMenu: IMP++*GenRampPicMenu: IMP++*GenCheckerPicMenu: IMP++*CloneImageWMenu: IMP++*CreateImageBefore: DeleteImage IMP++*DeleteImageMenu: File.Delete IMP++*DeleteImageAfter: WriteImage IMP++*DeleteRegionMenu: File.Delete IMP++*DeleteRegionAfter: WriteImage IMP++*ExitMenu: File IMP++*ExitOrder: 100000000 # # 2. Process # IMP++*CopyImageMenu: IMP++*AffineTransformMenu: IMP++*InteractiveAffineMenu: IMP++*CloneImageMenu: Process.Point map IMP++*CloneImageBefore: PixelMap IMP++*PixelMapMenu: Process.Point map IMP++*PixelMapBefore: LinearFilter IMP++*HistEqualizationMenu: Process.Point map IMP++*MapAsDisplayedMenu: Process.Point map IMP++*PicArithmMenu: Process. combine IMP++*PicArithmBefore: FlipPic IMP++*ConstCombineMenu: Process. combine IMP++*LinearFilterMenu: Process.Local linear IMP++*LinearFilterBefore: FlipPic IMP++*LinearFilterFreeMenu: Process.Local linear IMP++*MeanMenu: Process.Local linear IMP++*PercentileFilterMenu: Process. morphology IMP++*PercentileFilterBefore: FlipPic IMP++*MedianMenu: Process. morphology IMP++*ErodeImageMenu: Process. morphology IMP++*GrowImageMenu: Process. morphology
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IMP++*OpenImageMenu: Process. morphology IMP++*CloseImageMenu: Process. morphology IMP++*FlipPicMenu: Process.Geometry fixed IMP++*RotatePicMenu: Process.Geometry fixed IMP++*MirrorPicMenu: Process.Geometry fixed IMP++*SizeAsDisplayedMenu: Process.Geometry fixed IMP++*SizeAsPatternMenu: Process.Geometry fixed IMP++*GeneralAffineMenu: Process.Geometry fixed IMP++*SubSampleMenu: Process.Geometry fixed IMP++*SuperSampleMenu: Process.Geometry fixed IMP++*CalcFFTMenu: IMP++*ForwardFFTMenu: Process.FFT IMP++*InverseFFTMenu: Process.FFT # # 3. Segment # IMP++*ThresholdMenu: Segment.threshold IMP++*SliceGreyMenu: Segment.threshold IMP++*Thres2DMenu: Segment.threshold IMP++*Thres3DMenu: Segment.threshold IMP++*ExtremeDetectMenu: Segment.Extreme detect IMP++*TrueExtremeDetectMenu: Segment.Extreme detect # # 4. Binary # IMP++*ComplementRegMenu: Binary.Region map IMP++*FreeRegBorderMenu: Binary.Region map IMP++*RenumRegMenu: Binary.Region map IMP++*LogCombMenu: Binary. combine IMP++*FlagRegMenu: Binary. combine IMP++*RegionMaskRoiMenu: Binary.OOI IMP++*ErodeRegMenu: Binary.Local morphology IMP++*GrowRegMenu: Binary.Local morphology IMP++*OpenRegMenu: Binary.Local morphology IMP++*CloseRegMenu: Binary.Local morphology IMP++*RegionFilterMenu: Binary.Local morphology IMP++*DistanceRegMenu: Binary. distance IMP++*ReverseDistanceRegMenu: Binary. distance IMP++*LabelRegMenu: Binary. label IMP++*SkeletonRegMenu: Binary. thin IMP++*Skeleton34DTMenu: Binary. thin # # 5. Convert # IMP++*ConvImageToRegMenu: Convert # # 6. Extract # IMP++*CalcRegionFeatureDataMenu:# # Edit # IMP++*EditRegionMenu: Edit # # Display # IMP++*SetContrastBrightnessMenu:Display.image IMP++*ResizeWindowMenu: Display.image IMP++*ResetWindowSizeMenu: IMP++*ImageInfoMenu: IMP++*FixedAspectRatioMenu: IMP++*ToggleShowMaskMenu: IMP++*BrowseImageMenu: # # Cedric’s button # IMP++*ResampleToNonSquareTilingMenu: Cedric IMP++*DisplayNonSquareTilingMenu: Cedric IMP++*HexMeanMenu: Cedric IMP++*HexMedianMenu: Cedric IMP++*HexThresholdMenu: Cedric IMP++*HexThreshold2Menu: Cedric IMP++*HexLabelMenu: Cedric IMP++*HexHoneycombMenu: Cedric IMP++*HexHoneycombreverseMenu: Cedric IMP++*HexAreaMenu: Cedric IMP++*HexP2aMenu: Cedric IMP++*HexEdgeDetectMenu: Cedric IMP++*HexEdgeDetect0Menu: Cedric IMP++*HexEdgeDetect120Menu: Cedric IMP++*HexEdgeDetect240Menu: Cedric IMP++*HexErodeMenu: Cedric IMP++*HexDilateMenu: Cedric
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IMP++*HexOpenMacroMenu: Cedric IMP++*HexCloseMacroMenu: Cedric IMP++*HexAndMenu: Cedric IMP++*HexOrMenu: Cedric IMP++*HexNotMenu: Cedric IMP++*HexXorMenu: Cedric IMP++*HexFillMenu: Cedric IMP++*HexMultiplyMenu: Cedric ############################################################################### # # The Filter Editor module # IMP++*FilterEditorMenu: Special IMP++*FilterEditor.labelString: filter editor ############################################################################### # # The HCMA module (Hierarchical Chamfer Matching Algorithm) # IMP++*HCMAMenu: Process.Matching IMP++*HCMAParametersMenu: Process.Matching IMP++*HCMAEdgeMenu: Process.Matching IMP++*HCMADistMenu: Process.Matching IMP++*HCMA.labelString: HCMA matching IMP++*HCMAParameters.labelString: Set HCMA parameters IMP++*HCMAEdge.labelString: HCMA edge IMP++*HCMADist.labelString: HCMA distance ############################################################################### # # Image handler # IMP++*ImageHandlerFunctions: SetContrastBrightness,ResetWindowSize,\ ImageInfo,FixedAspectRatio, ToggleShowMask,\ BrowseImage # Cascading menus in the image handler IMP++*ImageInfoImageHandlerMenu: window size IMP++*FixedAspectRatioImageHandlerMenu: window size IMP++*ToggleShowMaskImageHandlerMenu: window size #IMP++*SelectRegionImageHandlerMenu: region # # names of functions in the menus # IMP++*ReadImage.labelString: image IMP++*ReadRawImage.labelString: raw IMP++*ReadGIF.labelString: GIF image IMP++*ReadJPEG.labelString: JPEG image IMP++*ReadPNM.labelString: PNM image IMP++*ReadTIFF.labelString: TIFF image IMP++*WriteImage.labelString: image IMP++*SaveGIF.labelString: GIF image IMP++*SaveJPEG.labelString: JPEG image IMP++*SavePNM.labelString: PNM image IMP++*SaveTIFF.labelString: TIFF image IMP++*SaveRawImage.labelString: raw IMP++*DeleteImage.labelString: delete image IMP++*DeleteRegion.labelString: delete region IMP++*CreateImage.labelString: constant image IMP++*CreateZoneImage.labelString: zone image IMP++*CreateRampImage.labelString: ramp image IMP++*CreateCheckerImage.labelString: checker image IMP++*CaptureXWindow.labelString: capture window IMP++*CreateRegion.labelString: region IMP++*EditRegion.labelString: region # IMP++*CloneImage.labelString: copy IMP++*PixelMap.labelString: fixed IMP++*HistEqualization.labelString: equalize IMP++*MapAsDisplayed.labelString: as displayed IMP++*PicArithm.labelString: image image IMP++*ConstCombine.labelString: image constant IMP++*LinearFilter.labelString: general IMP++*LinearFilterFree.labelString: weighted IMP++*Mean.labelString: average IMP++*PercentileFilter.labelString: percentile IMP++*Median.labelString: median IMP++*ErodeImage.labelString: max IMP++*GrowImage.labelString: min IMP++*OpenImage.labelString: open IMP++*CloseImage.labelString: close IMP++*FlipPic.labelString: flip IMP++*RotatePic.labelString: rotate IMP++*MirrorPic.labelString: mirror IMP++*SizeAsDisplayed.labelString: as displayed IMP++*SizeAsPattern.labelString: as pattern image
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IMP++*GeneralAffine.labelString: general affine IMP++*SubSample.labelString: minify IMP++*SuperSample.labelString: magnify IMP++*ForwardFFT.labelString: FFT IMP++*InverseFFT.labelString: inverse FFT # IMP++*Threshold.labelString: single IMP++*SliceGrey.labelString: multiple IMP++*Thres2D.labelString: 2 images IMP++*Thres3D.labelString: 3 images IMP++*CmpPic.labelString: compare IMP++*ExtremeDetect.labelString: with ridges/saddles IMP++*TrueExtremeDetect.labelString: max/min # IMP++*FreeRegBorder.labelString: remove border objects IMP++*RenumReg.labelString: renumber regions IMP++*RegionMaskRoi.labelString: ooi masked IMP++*ComplementReg.labelString: complement IMP++*LogComb.labelString: logical IMP++*FlagReg.labelString: flagged copy IMP++*ErodeReg.labelString: erode region IMP++*GrowReg.labelString: grow region IMP++*OpenReg.labelString: open region IMP++*CloseReg.labelString: close region IMP++*RegionFilter.labelString: general local IMP++*DistanceReg.labelString: chamfer IMP++*ReverseDistanceReg.labelString: reverse chamfer IMP++*LabelReg.labelString: slow & secure IMP++*SkeletonReg.labelString: approximate IMP++*Skeleton34DT.labelString: (3,4)-DT-based # IMP++*ConvImageToReg.labelString: image -> regionset IMP++*ConvRegToImage.labelString: regionset -> image # IMP++*SetContrastBrightness.labelString:contrast/brightness IMP++*ResizeWindow.labelString: size IMP++*ResetWindowSize.labelString: reset size IMP++*ImageInfo.labelString: info IMP++*FixedAspectRatio.labelString: toggle fixed aspect ratio IMP++*ToggleShowMask.labelString: toggle region on/off IMP++*BrowseImage.labelString: browse # # Function parameters in the parameter setters # #IMP++*Threshold.region.labelString: varförfungerarintedetta?? IMP++*exit.messageString: Do you really want to exit? IMP++*Threshold*region.labelString: regionsomskallfixastillsomfan IMP++*ReadImage_filename: FILE IMP++*ReadRawImage_filename: FILE IMP++*ReadGIF_filename: FILE IMP++*ReadJPEG_filename: FILE IMP++*ReadPNM_filename: FILE IMP++*ReadTIFF_filename: FILE IMP++*SaveGIF_filename: FILE IMP++*SaveJPEG_filename: FILE IMP++*SavePNM_filename: FILE IMP++*SaveTIFF_filename: FILE IMP++*SaveRawImage_filename: FILE # # Parameter setters, "global" resources # IMP++*helpText.background: wheat IMP++*helpText.fontList: 7x13bold ############################################################################### # # Region Editor widget # IMP++*RegionEditor.statusLine.topAttachment: XmATTACH_FORM IMP++*RegionEditor.statusLine.leftAttachment: XmATTACH_FORM IMP++*RegionEditor.statusLine.rightAttachment: XmATTACH_FORM IMP++*RegionEditor.drawModeButtons.topAttachment: XmATTACH_WIDGET IMP++*RegionEditor.drawModeButtons.topWidget: statusLine IMP++*RegionEditor.figureButtons.topAttachment: XmATTACH_WIDGET IMP++*RegionEditor.figureButtons.topWidget: drawModeButtons IMP++*RegionEditor.regNum.topAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.topWidget: figureButtons IMP++*RegionEditor.regNum.bottomAttachment: XmATTACH_FORM IMP++*RegionEditor.statusLine.info.leftAttachment: XmATTACH_FORM IMP++*RegionEditor.statusLine.OK.rightAttachment: XmATTACH_FORM IMP++*RegionEditor.statusLine.OK.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.statusLine.OK.leftWidget: info IMP++*RegionEditor.drawModeButtons.Erase.leftAttachment:XmATTACH_FORM IMP++*RegionEditor.drawModeButtons.Line.leftAttachment:XmATTACH_WIDGET
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IMP++*RegionEditor.drawModeButtons.Line.leftWidget: Erase IMP++*RegionEditor.drawModeButtons.Paint.leftAttachment:XmATTACH_WIDGET IMP++*RegionEditor.drawModeButtons.Paint.leftWidget: Line IMP++*RegionEditor.drawModeButtons.Fill.leftAttachment:XmATTACH_WIDGET IMP++*RegionEditor.drawModeButtons.Fill.leftWidget: Paint IMP++*RegionEditor.drawModeButtons.Del.rightAttachment:XmATTACH_FORM IMP++*RegionEditor.drawModeButtons.Del.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.drawModeButtons.Del.leftWidget: Fill IMP++*RegionEditor.figureButtons.Figure.leftAttachment:XmATTACH_FORM IMP++*RegionEditor.figureButtons.Circle.leftAttachment:XmATTACH_WIDGET IMP++*RegionEditor.figureButtons.Circle.leftWidget: Figure IMP++*RegionEditor.figureButtons.Square.leftAttachment:XmATTACH_WIDGET IMP++*RegionEditor.figureButtons.Square.leftWidget: Circle IMP++*RegionEditor.figureButtons.Rectangle.rightAttachment: XmATTACH_FORM IMP++*RegionEditor.figureButtons.Rectangle.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.figureButtons.Rectangle.leftWidget: Square IMP++*RegionEditor.regNum.Region.leftAttachment: XmATTACH_FORM IMP++*RegionEditor.regNum.-.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.-.leftWidget: Region IMP++*RegionEditor.regNum.Num.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.Num.leftWidget: IMP++*RegionEditor.regNum.Num.width: 50 IMP++*RegionEditor.regNum.+.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.+.leftWidget: Num IMP++*RegionEditor.regNum.C1.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C1.leftWidget: + IMP++*RegionEditor.regNum.C2.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C2.leftWidget: C1 IMP++*RegionEditor.regNum.C3.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C3.leftWidget: C2 IMP++*RegionEditor.regNum.C4.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C4.leftWidget: C3 IMP++*RegionEditor.regNum.C5.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C5.leftWidget: C4 IMP++*RegionEditor.regNum.C6.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C6.leftWidget: C5 IMP++*RegionEditor.regNum.C7.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C7.leftWidget: C6 IMP++*RegionEditor.regNum.C8.rightAttachment: XmATTACH_FORM IMP++*RegionEditor.regNum.C8.leftAttachment: XmATTACH_WIDGET IMP++*RegionEditor.regNum.C8.leftWidget: C7 ################################################################################ # Contrast/Brightness manipulation widget # IMP++*ContrastBrightness.verticalSpacing: 5 IMP++*ContrastBrightness.horizontalSpacing: 10 IMP++*ContrastBrightness.statusLine.topAttachment: XmATTACH_FORM IMP++*ContrastBrightness.statusLine.leftAttachment: XmATTACH_FORM IMP++*ContrastBrightness.statusLine.rightAttachment: XmATTACH_FORM IMP++*ContrastBrightness.statusLine.horizontalSpacing: 10 IMP++*ContrastBrightness.buttons.bottomAttachment: IMP++*ContrastBrightness.buttons.horizontalSpacing:



XmATTACH_FORM 10



IMP++*ContrastBrightness.contrast.leftAttachment: IMP++*ContrastBrightness.contrast.rightAttachment: IMP++*ContrastBrightness.contrast.titleString: IMP++*ContrastBrightness.contrast.bottomAttachment: IMP++*ContrastBrightness.contrast.bottomWidget:



XmATTACH_FORM XmATTACH_FORM CONTRAST XmATTACH_WIDGET buttons



IMP++*ContrastBrightness.brightness.leftAttachment: IMP++*ContrastBrightness.brightness.rightAttachment: IMP++*ContrastBrightness.brightness.titleString: IMP++*ContrastBrightness.brightness.bottomAttachment: IMP++*ContrastBrightness.brightness.bottomWidget: IMP++*ContrastBrightness.histogram.topAttachment: IMP++*ContrastBrightness.histogram.topWidget: IMP++*ContrastBrightness.histogram.leftAttachment: IMP++*ContrastBrightness.histogram.rightAttachment: IMP++*ContrastBrightness.histogram.background: IMP++*ContrastBrightness.histogram.bottomAttachment: IMP++*ContrastBrightness.histogram.bottomWidget:



XmATTACH_FORM XmATTACH_FORM BRIGHTNESS XmATTACH_WIDGET contrast XmATTACH_WIDGET statusLine XmATTACH_FORM XmATTACH_FORM white XmATTACH_WIDGET brightness



IMP++*ContrastBrightness.statusLine.info.leftAttachment:XmATTACH_FORM IMP++*ContrastBrightness.statusLine.R.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.statusLine.R.leftWidget: info IMP++*ContrastBrightness.statusLine.G.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.statusLine.G.leftWidget: R IMP++*ContrastBrightness.statusLine.B.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.statusLine.B.leftWidget: G IMP++*ContrastBrightness.statusLine.L.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.statusLine.L.leftWidget: B IMP++*ContrastBrightness.buttons.ok.leftAttachment: XmATTACH_FORM



46



IMP++*ContrastBrightness.buttons.optimise.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.buttons.optimise.leftWidget: ok IMP++*ContrastBrightness.buttons.reset.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.buttons.reset.leftWidget: optimise IMP++*ContrastBrightness.buttons.cancel.leftAttachment:XmATTACH_WIDGET IMP++*ContrastBrightness.buttons.cancel.leftWidget: reset IMP++*ContrastBrightness.buttons.dynamic.leftAttachment:XmATTACH_WIDGET IMP++*ContrastBrightness.buttons.dynamic.leftWidget: cancel IMP++*ContrastBrightness.buttons.sqrt.leftAttachment: XmATTACH_WIDGET IMP++*ContrastBrightness.buttons.sqrt.leftWidget: dynamic ################################################################################ # Affine transformation widget # IMP++*Affine.verticalSpacing: 5 IMP++*Affine*horizontalSpacing: 10 IMP++*Affine*info.leftAttachment: XmATTACH_FORM IMP++*Affine*info.topAttachment: XmATTACH_FORM # IMP++*Affine.rotationForm.leftAttachment: XmATTACH_FORM IMP++*Affine.rotationForm.rightAttachment: XmATTACH_FORM IMP++*Affine.rotationForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.rotationForm.topWidget: info # IMP++*Affine.xscaleForm.leftAttachment: XmATTACH_FORM IMP++*Affine.xscaleForm.rightAttachment: XmATTACH_FORM IMP++*Affine.xscaleForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.xscaleForm.topWidget: rotationForm # IMP++*Affine.yscaleForm.leftAttachment: XmATTACH_FORM IMP++*Affine.yscaleForm.rightAttachment: XmATTACH_FORM IMP++*Affine.yscaleForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.yscaleForm.topWidget: xscaleForm # IMP++*Affine.xshearForm.leftAttachment: XmATTACH_FORM IMP++*Affine.xshearForm.rightAttachment: XmATTACH_FORM IMP++*Affine.xshearForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.xshearForm.topWidget: yscaleForm # IMP++*Affine.yshearForm.leftAttachment: XmATTACH_FORM IMP++*Affine.yshearForm.rightAttachment: XmATTACH_FORM IMP++*Affine.yshearForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.yshearForm.topWidget: xshearForm # IMP++*Affine.xcentreForm.leftAttachment: XmATTACH_FORM IMP++*Affine.xcentreForm.rightAttachment: XmATTACH_FORM IMP++*Affine.xcentreForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.xcentreForm.topWidget: yshearForm # IMP++*Affine.ycentreForm.leftAttachment: XmATTACH_FORM IMP++*Affine.ycentreForm.rightAttachment: XmATTACH_FORM IMP++*Affine.ycentreForm.topAttachment: XmATTACH_WIDGET IMP++*Affine.ycentreForm.topWidget: xcentreForm # IMP++*Affine*rotation.leftAttachment: XmATTACH_FORM IMP++*Affine*rotation.width: 100 IMP++*Affine*rotationText.leftAttachment: XmATTACH_WIDGET IMP++*Affine*rotationText.width: 80 IMP++*Affine*rotationText.leftWidget: rotation IMP++*Affine*rotationScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*rotationScale.leftWidget: rotationText IMP++*Affine*rotationScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*xscale.leftAttachment: XmATTACH_FORM IMP++*Affine*xscale.width: 100 IMP++*Affine*xscaleText.leftAttachment: XmATTACH_WIDGET IMP++*Affine*xscaleText.width: 80 IMP++*Affine*xscaleText.leftWidget: xscale IMP++*Affine*xscaleScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*xscaleScale.leftWidget: xscaleText IMP++*Affine*xscaleScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*yscale.leftAttachment: XmATTACH_FORM IMP++*Affine*yscale.width: 100 IMP++*Affine*yscaleText.leftAttachment: XmATTACH_WIDGET IMP++*Affine*yscaleText.width: 80 IMP++*Affine*yscaleText.leftWidget: yscale IMP++*Affine*yscaleScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*yscaleScale.leftWidget: yscaleText IMP++*Affine*yscaleScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*xshear.leftAttachment: XmATTACH_FORM IMP++*Affine*xshear.width: 100 IMP++*Affine*xshearText.leftAttachment: XmATTACH_WIDGET



47



IMP++*Affine*xshearText.width: 80 IMP++*Affine*xshearText.leftWidget: xshear IMP++*Affine*xshearScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*xshearScale.leftWidget: xshearText IMP++*Affine*xshearScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*yshear.leftAttachment: XmATTACH_FORM IMP++*Affine*yshear.width: 100 IMP++*Affine*yshearText.leftAttachment: XmATTACH_WIDGET IMP++*Affine*yshearText.width: 80 IMP++*Affine*yshearText.leftWidget: yshear IMP++*Affine*yshearScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*yshearScale.leftWidget: yshearText IMP++*Affine*yshearScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*xcentre.leftAttachment: XmATTACH_FORM IMP++*Affine*xcentre.width: 100 IMP++*Affine*xcentreText.leftAttachment: XmATTACH_WIDGET IMP++*Affine*xcentreText.width: 80 IMP++*Affine*xcentreText.leftWidget: xcentre IMP++*Affine*xcentreScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*xcentreScale.leftWidget: xcentreText IMP++*Affine*xcentreScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*ycentre.leftAttachment: XmATTACH_FORM IMP++*Affine*ycentre.width: 100 IMP++*Affine*ycentreText.leftAttachment: XmATTACH_WIDGET IMP++*Affine*ycentreText.width: 80 IMP++*Affine*ycentreText.leftWidget: ycentre IMP++*Affine*ycentreScale.leftAttachment: XmATTACH_WIDGET IMP++*Affine*ycentreScale.leftWidget: ycentreText IMP++*Affine*ycentreScale.rightAttachment: XmATTACH_FORM # IMP++*Affine*ok.leftAttachment: XmATTACH_FORM IMP++*Affine*ok.bottomAttachment: XmATTACH_FORM IMP++*Affine*cancel.leftAttachment: XmATTACH_WIDGET IMP++*Affine*cancel.leftWidget: ok IMP++*Affine*cancel.bottomAttachment: XmATTACH_FORM ################################################################################ # Image Browser widget # IMP++*ImageBrowser.verticalSpacing: 5 IMP++*ImageBrowser*horizontalSpacing: 10 IMP++*ImageBrowser*.info.topAttachment: XmATTACH_FORM IMP++*ImageBrowser*.info.leftAttachment: XmATTACH_FORM # IMP++*ImageBrowser*.zBrowse.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*.zBrowse.rightAttachment: XmATTACH_FORM IMP++*ImageBrowser*.zBrowse.topAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*.zBrowse.topWidget: info # IMP++*ImageBrowser*.tBrowse.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*.tBrowse.rightAttachment: XmATTACH_FORM IMP++*ImageBrowser*.tBrowse.topAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*.tBrowse.topWidget: zBrowse # IMP++*ImageBrowser*.bBrowse.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*.bBrowse.rightAttachment: XmATTACH_FORM IMP++*ImageBrowser*.bBrowse.topAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*.bBrowse.topWidget: tBrowse # IMP++*ImageBrowser*.movie.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*.movie.rightAttachment: XmATTACH_FORM IMP++*ImageBrowser*.movie.topAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*.movie.topWidget: bBrowse # IMP++*ImageBrowser*.slice.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*.slice.rightAttachment: XmATTACH_FORM IMP++*ImageBrowser*.slice.topAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*.slice.topWidget: movie # IMP++*ImageBrowser*.buttons.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*.buttons.rightAttachment: XmATTACH_FORM IMP++*ImageBrowser*.buttons.topAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*.buttons.topWidget: slice IMP++*ImageBrowser*.buttons.bottomAttachment: XmATTACH_FORM # IMP++*ImageBrowser*z.leftAttachment: XmATTACH_FORM IMP++*ImageBrowser*zText.leftAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*zText.leftWidget: z IMP++*ImageBrowser*zText.width: 50 IMP++*ImageBrowser*zScale.leftAttachment: XmATTACH_WIDGET IMP++*ImageBrowser*zScale.leftWidget: zText
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IMP++*ImageBrowser*zScale.rightAttachment: # IMP++*ImageBrowser*t.leftAttachment: IMP++*ImageBrowser*tText.leftAttachment: IMP++*ImageBrowser*tText.leftWidget: IMP++*ImageBrowser*tText.width: IMP++*ImageBrowser*tScale.leftAttachment: IMP++*ImageBrowser*tScale.leftWidget: IMP++*ImageBrowser*tScale.rightAttachment: # IMP++*ImageBrowser*b.leftAttachment: IMP++*ImageBrowser*bText.leftAttachment: IMP++*ImageBrowser*bText.leftWidget: IMP++*ImageBrowser*bText.width: IMP++*ImageBrowser*bScale.leftAttachment: IMP++*ImageBrowser*bScale.leftWidget: IMP++*ImageBrowser*bScale.rightAttachment: # IMP++*ImageBrowser*firstFrameLabel.leftAttachment: IMP++*ImageBrowser*firstFrameLabel.labelString: IMP++*ImageBrowser*firstFrame.leftAttachment: IMP++*ImageBrowser*firstFrame.leftWidget: IMP++*ImageBrowser*firstFrame.width: IMP++*ImageBrowser*lastFrameLabel.leftAttachment: IMP++*ImageBrowser*lastFrameLabel.leftWidget: IMP++*ImageBrowser*lastFrameLabel.labelString: IMP++*ImageBrowser*lastFrame.leftAttachment: IMP++*ImageBrowser*lastFrame.leftWidget: IMP++*ImageBrowser*lastFrame.width: IMP++*ImageBrowser*speedLabel.leftAttachment: IMP++*ImageBrowser*speedLabel.leftWidget: IMP++*ImageBrowser*speedLabel.labelString: IMP++*ImageBrowser*speed.leftAttachment: IMP++*ImageBrowser*speed.leftWidget: IMP++*ImageBrowser*speed.width: IMP++*ImageBrowser*executeMovie.leftAttachment: IMP++*ImageBrowser*executeMovie.leftWidget: IMP++*ImageBrowser*executeMovie.rightAttachment: IMP++*ImageBrowser*executeMovie.labelString: # IMP++*ImageBrowser*firstSliceLabel.leftAttachment: IMP++*ImageBrowser*firstSliceLabel.labelString: IMP++*ImageBrowser*firstSlice.leftAttachment: IMP++*ImageBrowser*firstSlice.leftWidget: IMP++*ImageBrowser*firstSlice.width: IMP++*ImageBrowser*lastSliceLabel.leftAttachment: IMP++*ImageBrowser*lastSliceLabel.leftWidget: IMP++*ImageBrowser*lastSliceLabel.labelString: IMP++*ImageBrowser*lastSlice.leftAttachment: IMP++*ImageBrowser*lastSlice.leftWidget: IMP++*ImageBrowser*lastSlice.width: IMP++*ImageBrowser*viewDirection.leftAttachment: IMP++*ImageBrowser*viewDirection.leftWidget: IMP++*ImageBrowser*executeSlice.leftAttachment: IMP++*ImageBrowser*executeSlice.leftWidget: IMP++*ImageBrowser*executeSlice.rightAttachment: IMP++*ImageBrowser*executeSlice.labelString: # IMP++*ImageBrowser*showMask.leftAttachment: IMP++*ImageBrowser*showMask.labelString: IMP++*ImageBrowser*dynamic.leftAttachment: IMP++*ImageBrowser*dynamic.leftWidget: IMP++*ImageBrowser*dynamic.labelString: IMP++*ImageBrowser*cancel.rightAttachment: #



XmATTACH_FORM XmATTACH_FORM XmATTACH_WIDGET t 50 XmATTACH_WIDGET tText XmATTACH_FORM XmATTACH_FORM XmATTACH_WIDGET b 50 XmATTACH_WIDGET bText XmATTACH_FORM XmATTACH_FORM Movie from frame XmATTACH_WIDGET firstFrameLabel 50 XmATTACH_WIDGET firstFrame to frame XmATTACH_WIDGET lastFrameLabel 50 XmATTACH_WIDGET lastFrame speed XmATTACH_WIDGET speedLabel 50 XmATTACH_WIDGET speed XmATTACH_FORM go! XmATTACH_FORM View from slice XmATTACH_WIDGET firstSliceLabel 50 XmATTACH_WIDGET firstSlice to slice XmATTACH_WIDGET lastSliceLabel 50 XmATTACH_WIDGET lastSlice XmATTACH_WIDGET viewDirection XmATTACH_FORM go! XmATTACH_FORM show region XmATTACH_WIDGET showMask dynamic XmATTACH_FORM
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>File: HexCloseMacro.impish HexCloseMacro.impish HexDilate src=$src dest=tmp times=$times; HexErode src=tmp dest=$dest times=$times;
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>File: HexOpenMacro.impish HexOpenMacro.impish HexErode src=$src dest=temp times=$times; HexDilate src=temp dest=$dest times=$times;
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>File: Makefile IMPDIR



= /usr/local/lib/Imp++



include $(IMPDIR)/Make.com CCEXTRADEFINES = -O -I$(IMPDIR)/Motif++ -I$(IMPDIR)/Motif XTRALIBS = -L/usr/users2/bosse/Imp/Lib -lXM ############################################################################### # # List C++ files here # If you use c functions include "cfuncs.C" - the "translator" from C++ to C. # SRCS = resample.C hexmean.cc hexmedian.cc hexthreshold.cc hexthreshold2.cc hexerode.cc hexdilate.cc hexand.cc hexor.cc hexnot.cc hexxor.cc hexfill.cc hexlabel.cc hexhoneycomb.cc hexhoneycombreverse.cc hexarea.cc hexp2a.cc hexedgedetect.cc hexedgedetect0.cc hexedgedetect120.cc hexedgedetect240.cc hexmultiply.cc hexfunctions.cc OBJS = resample.o hexmean.o hexmedian.o hexthreshold.o hexthreshold2.o hexerode.o hexdilate.o hexand.o hexor.o hexnot.o hexxor.o hexfill.o hexlabel.o hexhoneycomb.o hexhoneycombreverse.o hexarea.o hexp2a.o hexedgedetect.o hexedgedetect0.o hexedgedetect120.o hexedgedetect240.o hexmultiply.o hexfunctions.o # # List C files here: # #CSRCS = whbandaverage.c whcanny.c #COBJS



= whbandaverage.o whcanny.o



# Library name MOD



= myimplib.so



############################################################################### all::



$(MOD)



link::



$(MOD)



clean:: $(RMCLEAN) cleanall:: $(RMCLEAN) ############################################################################### depend:: (touch Make.dep; $(MAKEDEPENDCPP) -fMake.dep $(SRCS) $(CSRCS) ) ############################################################################### # # Create impcfunctions.h and cfuncs.C (C++ to C interface) from ownwhipfuncs.h # Remove this if you don’t need to link C functions # #impcfunctions.h: ownwhipfuncs.h # $(IMPDIR)/Util/impctocpp ownwhipfuncs.h -h impcfunctions.h -c cfuncs.C impmodfunctions.h: impcppfunctions.h echo USING \(\"$(MOD)\"\)\; > impmodfunctions.h cat impcppfunctions.h >> impmodfunctions.h ############################################################################### $(MOD): $(OBJS) $(COBJS) impmodfunctions.h cxx -shared -expect_unresolved "*" $(OBJS) $(COBJS) -o $(MOD) $(XTRALIBS) # $(CPPC) -shared $(OBJS) $(COBJS) -o $(MOD) -L/usr/users2/bosse/Imp/Lib lXM -lXm -lXt -lX11 -lm # $(CPPC) -shared $(OBJS) $(COBJS) -o $(MOD) -L/usr/users2/bosse/Imp/Lib lXM $(LINKLIBS) ############################################################################### include Make.dep
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>File: hexand.cc #include "imptypes.h" #include "imppixel.h" /* Hexagonal logical operation AND between 2 in_picture, must perform hexthreshold first table: |A|B|AND| |1|1| 1 | |1|0| 0 | |0|1| 0 | |0|0| 0 | */ extern "C" int HexAnd (IMAGE *src1,IMAGE *src2, IMAGE *dest) { ImpPixel& in1( src1->pixel());//point at the 1:st element of in1 pic ImpPixel& in2( src2->pixel());//point at the 1:st element of in2 pic ImpPixel& out( dest->pixel());//point at the 1:st element of out pic for(int y=0; yheight(); y++)//looping the in_pictures { for(int x=0; xwidth(); x++) { if (UINTPXL(in1(x,y,0,0,0))==0 && UINTPXL(in2(x,y,0,0,0))==0)//if black pixel { out(x,y,0,0,0)=UINTPXL(0);//black output } else//white pixel { out(x,y,0,0,0)=UINTPXL(255);//white output } } } return 0; }
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>File: hexarea.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal area computing, make a labelling before using it on several objects! */ extern "C" int HexArea (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture *dest=*src;//copy in to out pic int *table = new int [src->width()*src->height()/4];//contains every object int object = 0;//numbers of objects for(int i=0; iwidth()*src->height()/4; i++) { table[i]=0;//default values } for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(in(x,y,0,0,0))!=255)//some input { if (table[UINTPXL(in(x,y,0,0,0))]==0) object++; table[UINTPXL(in(x,y,0,0,0))]++; } } } for(int y=0; yheight(); y++)//setting the area in out_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(in(x,y,0,0,0))!=255)//some input { out(x,y,0,0,0)=UINTPXL(table[UINTPXL(in(x,y,0,0,0))]); } } } return 0; }
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>File: hexdilate.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal dilation filter of 1 layer * n times, must perform hexthreshold first */ extern "C" int HexDilate (IMAGE *src, IMAGE *dest, INT *times) { ImpPixel& out( dest->pixel());//point at the 1:st element of out pic IMAGE tmp(*src);//temporary image to enable the looping for Times>1 *dest=*src;//copy in to out pic, enableling a pure black pixel processing in loop int Times = int(*times);//convert pointer to int do { ImpPixel& in( tmp.pixel());//point at the 1:st element of the cpy of the in pic "." instead of "->" because it’s an object now and not a pointer anymore!!! for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if (UINTPXL(in(x,y,0,0,0))==0)//if black pixel { if (y%2==0)//odd row { if ((x-1>=0 && x-1width()-1) && (y-1>=0 && y-1height()-1)) out(x-1,y-1,0,0,0)=UINTPXL(0);//black output if ((x>=0 && xwidth()-1) && (y-1>=0 && y-1height()-1)) out(x,y-1,0,0,0)=UINTPXL(0); if ((x-1>=0 && x-1width()-1) && (y>=0 && yheight()-1)) out(x-1,y,0,0,0)=UINTPXL(0); out(x,y,0,0,0)=UINTPXL(0); if ((x+1>=0 && x+1width()-1) && (y>=0 && yheight()-1)) out(x+1,y,0,0,0)=UINTPXL(0); if ((x-1>=0 && x-1width()-1) && (y+1>=0 && y+1height()-1)) out(x-1,y+1,0,0,0)=UINTPXL(0); if ((x>=0 && xwidth()-1) && (y+1>=0 && y+1height()-1)) out(x,y+1,0,0,0)=UINTPXL(0); } else//even row { if ((x>=0 && xwidth()-1) && (y-1>=0 && y-1height()-1)) out(x,y-1,0,0,0)=UINTPXL(0);//black output if ((x+1>=0 && x+1width()-1) && (y-1>=0 && y-1height()-1)) out(x+1,y-1,0,0,0)=UINTPXL(0); if ((x-1>=0 && x-1width()-1) && (y>=0 && yheight()-1)) out(x-1,y,0,0,0)=UINTPXL(0); out(x,y,0,0,0)=UINTPXL(0); if ((x+1>=0 && x+1width()-1) && (y>=0 && yheight()-1)) out(x+1,y,0,0,0)=UINTPXL(0); if ((x>=0 && xwidth()-1) && (y+1>=0 && y+1height()-1)) out(x,y+1,0,0,0)=UINTPXL(0); if ((x+1>=0 && x+1width()-1) && (y+1>=0 && y+1height()-1)) out(x+1,y+1,0,0,0)=UINTPXL(0); } } } } if (Times>1) tmp=*dest;//update tmp with the new computed out Times--; } while (Times>=1); return 0; }
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>File: hexedgedetect.cc #include #include #include #include



"imptypes.h" "imppixel.h" "hexfunctions.h"



/* Hexagonal edge detection mask1 = Sum/#neighbors fig: / \ / \ |*-1|*1 | / \ / \ / \ |*-1|*0 |*1 | \ / \ / \ / |*-1|*1 | \ / \ / mask2 = Sum/#neighbors fig: / \ / \ |*1 |*1 | / \ / \ / \ |*-1|*0 |*1 | \ / \ / \ / |*-1|*-1 \ / \ / mask3 = Sum/#neighbors fig: / \ / \ |*1 |*1 | / \ / \ / \ |*1 |*0 |*-1| \ / \ / \ / |*-1|*-1| \ / \ / result = |mask1|+|mask2|+|mask3| */ extern "C" int HexEdgeDetect (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(y%2==0)//odd row# { int mask1 = (-PixExist3(x-1,y-1,x,y,src->width(),src>height(),in))+(-PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x,y-1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(PixExist3(x,y+1,x,y,src->width(),src->height(),in)); int mask2 = (PixExist3(x-1,y-1,x,y,src->width(),src>height(),in))+(-PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x,y-1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(-PixExist3(x,y+1,x,y,src->width(),src->height(),in)); int mask3 = (PixExist3(x-1,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-PixExist3(x1,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x,y-1,x,y,src->width(),src>height(),in))+(-PixExist3(x+1,y,x,y,src->width(),src->height(),in))+(PixExist3(x,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask1/6)+abs(mask2/6)+abs(mask3/6); out(x,y,0,0,0)=UINTPXL(result); } else//even row# { int mask1 = (-PixExist3(x,y-1,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-PixExist3(x,y+1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(PixExist3(x+1,y+1,x,y,src->width(),src->height(),in)); int mask2 = (PixExist3(x,y-1,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-PixExist3(x,y+1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x+1,y,x,y,src->width(),src->height(),in))+(PixExist3(x+1,y+1,x,y,src->width(),src->height(),in)); int mask3 = (PixExist3(x,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-



56



PixExist3(x,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x+1,y-1,x,y,src>width(),src->height(),in))+(-PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(-PixExist3(x+1,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask1/6)+abs(mask2/6)+abs(mask3/6); out(x,y,0,0,0)=UINTPXL(result); } } } return 0; }
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>File: hexedgedetect0.cc #include #include #include #include



"imptypes.h" "imppixel.h" "hexfunctions.h"



/* Hexagonal edge detection mask1 = Sum/#neighbors fig: / \ / \ |*-1|*1 | / \ / \ / \ |*-1|*0 |*1 | \ / \ / \ / |*-1|*1 | \ / \ / */ extern "C" int HexEdgeDetect0 (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(y%2==0)//odd row# { int mask1 = (-PixExist3(x-1,y-1,x,y,src->width(),src>height(),in))+(-PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x,y-1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(PixExist3(x,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask1/6); out(x,y,0,0,0)=UINTPXL(result); } else//even row# { int mask1 = (-PixExist3(x,y-1,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-PixExist3(x,y+1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(PixExist3(x+1,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask1/6); out(x,y,0,0,0)=UINTPXL(result); } } } return 0; }
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>File: hexedgedetect120.cc #include #include #include #include



"imptypes.h" "imppixel.h" "hexfunctions.h"



/* Hexagonal edge detection mask2 = Sum/#neighbors fig: / \ / \ |*1 |*1 | / \ / \ / \ |*-1|*0 |*1 | \ / \ / \ / |*-1|*-1 \ / \ / */ extern "C" int HexEdgeDetect120 (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(y%2==0)//odd row# { int mask2 = (PixExist3(x-1,y-1,x,y,src->width(),src>height(),in))+(-PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x,y-1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(-PixExist3(x,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask2/6); out(x,y,0,0,0)=UINTPXL(result); } else//even row# { int mask2 = (PixExist3(x,y-1,x,y,src->width(),src->height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-PixExist3(x,y+1,x,y,src>width(),src->height(),in))+(PixExist3(x+1,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x+1,y,x,y,src->width(),src->height(),in))+(PixExist3(x+1,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask2/6); out(x,y,0,0,0)=UINTPXL(result); } } } return 0; }
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>File: hexedgedetect240.cc #include #include #include #include



"imptypes.h" "imppixel.h" "hexfunctions.h"



/* Hexagonal edge detection mask3 = Sum/#neighbors fig: / \ / \ |*1 |*1 | / \ / \ / \ |*1 |*0 |*-1| \ / \ / \ / |*-1|*-1| \ / \ / */ extern "C" int HexEdgeDetect240 (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(y%2==0)//odd row# { int mask3 = (PixExist3(x-1,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(-PixExist3(x1,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x,y-1,x,y,src->width(),src>height(),in))+(-PixExist3(x+1,y,x,y,src->width(),src->height(),in))+(PixExist3(x,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask3/6); out(x,y,0,0,0)=UINTPXL(result); } else//even row# { int mask3 = (PixExist3(x,y-1,x,y,src->width(),src>height(),in))+(PixExist3(x-1,y,x,y,src->width(),src->height(),in))+(PixExist3(x,y+1,x,y,src->width(),src->height(),in))+(PixExist3(x+1,y-1,x,y,src>width(),src->height(),in))+(-PixExist3(x+1,y,x,y,src->width(),src>height(),in))+(-PixExist3(x+1,y+1,x,y,src->width(),src->height(),in)); int result=abs(mask3/6); out(x,y,0,0,0)=UINTPXL(result); } } } return 0; }
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>File: hexerode.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal erosion filter of 1 layer * n times, must perform hexthreshold first */ extern "C" int HexErode (IMAGE *src, IMAGE *dest, INT *times) { ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture IMAGE tmp(*src);//temporary image to enable the looping for Times>1 int Times = int(*times);//convert pointer to int do { ImpPixel& in( tmp.pixel());//point at the 1:st element of the cpy of the in_picture "." instead of "->" because it’s an object now and not a pointer anymore!!! for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if (UINTPXL(in(x,y,0,0,0))==0)//if black pixel { if (y%2==0)//odd row { if (UINTPXL(in(x-1,y-1,0,0,0))==255 || UINTPXL(in(x,y1,0,0,0))==255 || UINTPXL(in(x-1,y,0,0,0))==255 || UINTPXL(in(x+1,y,0,0,0))==255 || UINTPXL(in(x-1,y+1,0,0,0))==255 || UINTPXL(in(x,y+1,0,0,0))==255)//white input { out(x,y,0,0,0)=UINTPXL(255);//white output } else out(x,y,0,0,0)=UINTPXL(0);//black output } if (y%2!=0)//even row { if (UINTPXL(in(x,y-1,0,0,0))==255 || UINTPXL(in(x+1,y1,0,0,0))==255 || UINTPXL(in(x-1,y,0,0,0))==255 || UINTPXL(in(x+1,y,0,0,0))==255 || UINTPXL(in(x,y+1,0,0,0))==255 || UINTPXL(in(x+1,y+1,0,0,0))==255)//white input { out(x,y,0,0,0)=UINTPXL(255);//white output } else out(x,y,0,0,0)=UINTPXL(0);//black output } } else out(x,y,0,0,0)=UINTPXL(255);//white remains white } } if (Times>1) tmp=*dest;//update tmp with the new computed out Times--; } while (Times>=1); return 0; }
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>File: hexfill.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal concavities filling filter, must perform hexthreshold first */ extern "C" int HexFill (IMAGE *src, IMAGE *dest) { ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture IMAGE tmp(*src);//temporary image to enable the looping int change; do { ImpPixel& in( tmp.pixel());//point at the 1:st element of the cpy of the in_picture "." instead of "->" because it’s an object now and not a pointer anymore!!! change=0; for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(in(x,y,0,0,0))==255)//white inpix { int sum=0;//sum the black pixels of the neighborhood for(int dy=y-1; dy=0 && dyheight())//border limit { for(int dx=x-1; dx=0 && dxwidth())//border limit { if(HexDistance(x,y,dx,dy)==1 && UINTPXL(in(dx,dy,0,0,0))==0)//black neighbor { sum++; if (sum>=3) { change=1; } } } } } } if (sum>=3) out(x,y,0,0,0)=UINTPXL(0);//black output else out(x,y,0,0,0)=UINTPXL(255);//white output } else out(x,y,0,0,0)=UINTPXL(0);//black output } } if (change==1) tmp=*dest;//update tmp with the new computed out }while(change!=0); return 0; }
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>File: hexfunctions.cc #include #include "imptypes.h" #include "imppixel.h" int HexDistance (int x, int y, int dx, int dy)//definition { int d=0; while (dyx) { dx--; } dy++; d++; } else// pixel in even row { if (dxy) { if (dy%2==0)// pixel in odd row { if (dx>x) { dx--; } dy--; d++; } else// pixel in even row { if (dx sorted==0 { sorted=1;//true for (int i=0; itemp[i+1]) { tmp = temp[i]; temp[i] = temp[i+1]; temp[i+1] = tmp; sorted = 0; } } } } int Min(int A, int B) { if (AB) { return A; } else return B; } int PixExist(int A, int B, int width, int height, ImpPixel & pic)//for hexlabel { if ((A>=0 && A=0 && B=0 && A=0



&&



ImpPixel



&



pic)//for



B=0 && dx=0 && dyFile: hexfunctions.h int HexDistance (int , int , int , int );//declaration void Sort (int e[], int f);//declaration int Min(int , int);//declaration int Max(int , int);//declaration int PixExist(int ,int, int, int, ImpPixel &);//declaration int PixExist2(int ,int, int, int, ImpPixel &);//declaration int PixExist3(int ,int, int, int, int, int, ImpPixel &);//declaration
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>File: hexhoneycomb.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal tranform distance (honeycomb), must perform hexthreshold first! forward pass: fig:



backward pass: fig: \ / \ / / \ / \ |min|+1 | / \ / \ / |+1 |+1 | \ / \ /



*/ extern "C" int HexHoneycomb (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture *dest=*src;//copy in to out pic //forward pass for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(in(x,y,0,0,0))==0)//black input { if(y%2==0)//odd row# { int tmp=Min(PixExist2(x-1,y,src->width(),src>height(),out)+1,PixExist2(x-1,y-1,src->width(),src->height(),out)+1); int final=Min(tmp,PixExist(x,y-1,src->width(),src>height(),out)+1); out(x,y,0,0,0)=UINTPXL(final); } else//even row# { int tmp=Min(PixExist2(x-1,y,src->width(),src>height(),out)+1,PixExist2(x,y-1,src->width(),src->height(),out)+1); int final=Min(tmp,PixExist2(x+1,y-1,src->width(),src>height(),out)+1); out(x,y,0,0,0)=UINTPXL(final); } } } } //backward pass for(int y=dest->height()-1; y>=0; y--)//looping the in_picture { for(int x=dest->width()-1; x>=0; x--) { if(UINTPXL(out(x,y,0,0,0))!=255)//some input { if(y%2==0)//odd row# {coutheight(),out)+1); int tmp2=Min(PixExist2(x,y+1,dest->width(),dest>height(),out)+1,PixExist2(x-1,y+1,dest->width(),dest->height(),out)+1); int final=Min(tmp1,tmp2); out(x,y,0,0,0)=UINTPXL(final); } else//even row# { int tmp1=Min(PixExist2(x,y,dest->width(),dest>height(),out),PixExist2(x+1,y,dest->width(),dest->height(),out)+1); int tmp2=Min(PixExist2(x+1,y+1,dest->width(),dest>height(),out)+1,PixExist2(x,y+1,dest->width(),dest->height(),out)+1); int final=Min(tmp1,tmp2); out(x,y,0,0,0)=UINTPXL(final); } }
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} } return 0; }
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>File: hexhoneycombreverse.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal reverse tranform distance (honeycomb), must perform hexthreshold first! forward pass: fig:



backward pass: fig: \ / \ / / \ / \ |max|-1 | / \ / \ / |-1 |-1 | \ / \ /



*/ extern "C" int HexHoneycombreverse (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture *dest=*src;//copy in to out pic //forward pass for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(y%2==0)//odd row# { int tmp1=Max(PixExist2(x,y,src->width(),src>height(),out),PixExist2(x-1,y,src->width(),src->height(),out)-1); int tmp2=Max(PixExist2(x-1,y-1,src->width(),src->height(),out)1,PixExist2(x,y-1,src->width(),src->height(),out)-1); int final=Max(tmp1,tmp2); out(x,y,0,0,0)=UINTPXL(final); } else//even row# { int tmp1=Max(PixExist2(x,y,src->width(),src>height(),out),PixExist2(x-1,y,src->width(),src->height(),out)-1); int tmp2=Max(PixExist2(x,y-1,src->width(),src->height(),out)1,PixExist2(x+1,y-1,src->width(),src->height(),out)-1); int final=Max(tmp1,tmp2); out(x,y,0,0,0)=UINTPXL(final); } } } //backward pass for(int y=dest->height()-1; y>=0; y--)//looping the out_picture { for(int x=dest->width()-1; x>=0; x--) { if(y%2==0)//odd row# { int tmp1=Max(PixExist2(x,y,dest->width(),dest>height(),out),PixExist2(x+1,y,dest->width(),dest->height(),out)-1); int tmp2=Max(PixExist2(x,y+1,dest->width(),dest->height(),out)1,PixExist2(x-1,y+1,dest->width(),dest->height(),out)-1); int final=Max(tmp1,tmp2); out(x,y,0,0,0)=UINTPXL(final); } else//even row# { int tmp1=Max(PixExist2(x,y,dest->width(),dest>height(),out),PixExist2(x+1,y,dest->width(),dest->height(),out)-1); int tmp2=Max(PixExist2(x+1,y+1,dest->width(),dest->height(),out)1,PixExist2(x,y+1,dest->width(),dest->height(),out)-1); int final=Max(tmp1,tmp2); out(x,y,0,0,0)=UINTPXL(final); } } } return 0;
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}
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>File: hexlabel.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal connected componenets labelling function of 1 layer (6 neighbors), must perform hexthreshold first! fig:



/\ /\ |g2|g3| / \/ \/ |g1| p | \ /\ /



pass#1: if p==0: move the mask if p==1: if g1==g2==g3==0 else



-> assign p a new label -> assign the lowest neighborhood label to p, send the values to the equivalence table put g1=g2=g3 pass#2: update the equivalence table and loop the image pass#3: make the labels consecutives and loop the image one last time */ extern "C" int HexLabel (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture *dest=*src;//copy in to out pic, enableling the min value of the neighborhood to be correct int *table = new int [src->width()*src->height()/4];//contains every values of neighborhood int label = 0;//numbers of labels for(int i=0; iwidth()*src->height()/4; i++) { table[i]=i;//default values is itsef }



visited pixel’s



//1rst iteration for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(in(x,y,0,0,0))==0)//black input { if(y%2==0)//odd row# { if (PixExist(x-1,y ,src->width(),src->height(),out)==255 && PixExist(x-1,y-1,src->width(),src->height(),out)==255 && PixExist(x ,y-1,src->width(),src>height(),out)==255)//checks if the neighbors are white { out(x,y,0,0,0)=UINTPXL(++label);//assign new label } else//all other cases (take the minimum of the 3 neighbors) { int tmp=Min(PixExist(x-1,y,src->width(),src>height(),out),PixExist(x-1,y-1,src->width(),src->height(),out)); int final=Min(tmp,PixExist(x,y-1,src->width(),src>height(),out)); out(x,y,0,0,0)=UINTPXL(final); if (PixExist(x-1,y ,src->width(),src->height(),out)!=255) table[UINTPXL(out(x-1,y ,0,0,0))]=final; if (PixExist(x-1,y-1,src->width(),src->height(),out)!=255) table[UINTPXL(out(x-1,y-1,0,0,0))]=final; if (PixExist(x ,y-1,src->width(),src->height(),out)!=255) table[UINTPXL(out(x ,y-1,0,0,0))]=final; } } else//even row# { if (PixExist(x-1,y,src->width(),src->height(),out)==255 && PixExist(x,y-1,src->width(),src->height(),out)==255 && PixExist(x+1,y-1,src>width(),src->height(),out)==255)//checks if the neighbors are white { out(x,y,0,0,0)=UINTPXL(++label);//assign new label } else//all other cases (take the minimum of the 3 neighbors) { int tmp=Min(PixExist(x-1,y,src->width(),src>height(),out),PixExist(x,y-1,src->width(),src->height(),out)); int final=Min(tmp,PixExist(x+1,y-1,src->width(),src>height(),out));
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out(x,y,0,0,0)=UINTPXL(final); if (PixExist(x-1,y,src->width(),src->height(),out)!=255) table[UINTPXL(out(x-1,y,0,0,0))]=final; if (PixExist(x,y-1,src->width(),src->height(),out)!=255) table[UINTPXL(out(x,y-1,0,0,0))]=final; if (PixExist(x+1,y-1,src->width(),src->height(),out)!=255) table[UINTPXL(out(x+1,y-1,0,0,0))]=final; } } } } } //2nd iteration for(int i=1; inumber) { number=table[i]+1; int tmp=table[i+1]; table[i+1]=number; int j=i+1; while (table[j+1]==tmp) { table[j+1]=table[i]+1; j++; } } else if (table[i+1]>table[i]+1 && table[i]+1File: hexmean.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal mean filter of n layer (1:rst layer = 6 neighbors) fig:



/\ /\ | | / \/ \/ \ | | | | \ /\ /\ / | | | \/ \/ |



algoritm depending on odd/even row, for the 1:rst layer we got: (x,y)=(((x-1,y-1)+(x,y-1))+((x-1,y)+(x,y)+(x+1,y))+((x-1,y+1)+(x,y+1))) odd=----------------------------------------------------------------------SumOfNeighbor (x,y)=(((x,y-1)+(x+1,y-1))+((x-1,y)+(x,y)+(x+1,y))+((x,y+1)+(x+1,y+1))) even=---------------------------------------------------------------------SumOfNeighbor */ extern "C" int HexMean (IMAGE *src, IMAGE *dest, INT *size) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture int Size = int(*size);//convert pointer to int for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { int sum1=0;//sum the pixel’s values of neighborhood int sum2=0;//sum the neighbors for(int dy=y-Size; dy=0 && dyheight())//border limit { for(int dx=x-Size; dx=0 && dxwidth())//border limit { if(HexDistance(x,y,dx,dy)File: hexmedian.cc #include "imptypes.h" #include "imppixel.h" #include "hexfunctions.h" /* Hexagonal median filter of n layer (1:rst layer = 6 neighbors) */ extern "C" int HexMedian (IMAGE *src, IMAGE *dest, INT *size) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture int Size = int(*size);//convert pointer to int int *temp = new int [(2*Size+1)*(2*Size+1)];//contains every pixel’s values of neighborhood for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { int sum=0;//sum the neighbors (also the # in temp[]) for(int dy=y-Size; dy=0 && dyheight())//border limit { for(int dx=x-Size; dx=0 && dxwidth())//border limit { if(HexDistance(x,y,dx,dy)File: hexmultiply.cc #include "imptypes.h" #include "imppixel.h" /* Hexagonal multiplying function */ extern "C" int HexMultiply (IMAGE *src, IMAGE *dest, INT *factor) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture int Factor = int(*factor);//convert pointer to int for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if (UINTPXL(in(x,y,0,0,0))!=255) { out(x,y,0,0,0)=UINTPXL(in(x,y,0,0,0))*Factor; } else out(x,y,0,0,0)=UINTPXL(255); } } return 0; }
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>File: hexnot.cc #include "imptypes.h" #include "imppixel.h" /* Hexagonal logical operation NOT between 2 in_picture, must perform hexthreshold first table: |A|B|NOT| |1|1| 0 | |1|0| 1 | |0|1| 1 | |0|0| 1 | */ extern "C" int HexNot (IMAGE *src1,IMAGE *src2, IMAGE *dest) { ImpPixel& in1( src1->pixel());//point at the 1:st element of in1 pic ImpPixel& in2( src2->pixel());//point at the 1:st element of in2 pic ImpPixel& out( dest->pixel());//point at the 1:st element of out pic for(int y=0; yheight(); y++)//looping the in_pictures { for(int x=0; xwidth(); x++) { if (UINTPXL(in1(x,y,0,0,0))==0 && UINTPXL(in2(x,y,0,0,0))==0) { out(x,y,0,0,0)=UINTPXL(255);//white output } else { out(x,y,0,0,0)=UINTPXL(0);//black output } } } return 0; }
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>File: hexor.cc #include "imptypes.h" #include "imppixel.h" /* Hexagonal logical operation OR between 2 in_picture, must perform hexthreshold first table: |A|B| |1|1| |1|0| |0|1| |0|0|



OR| 1 | 1 | 1 | 0 |



*/ extern "C" int HexOr (IMAGE *src1,IMAGE *src2, IMAGE *dest) { ImpPixel& in1( src1->pixel());//point at the 1:st element of in1 pic ImpPixel& in2( src2->pixel());//point at the 1:st element of in2 pic ImpPixel& out( dest->pixel());//point at the 1:st element of out pic for(int y=0; yheight(); y++)//looping the in_pictures { for(int x=0; xwidth(); x++) { if (UINTPXL(in1(x,y,0,0,0))==255 && UINTPXL(in2(x,y,0,0,0))==255) { out(x,y,0,0,0)=UINTPXL(255);//white output } else { out(x,y,0,0,0)=UINTPXL(0);//black output } } } return 0; }
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>File: hexp2a.cc #include #include #include #include



"imptypes.h" "imppixel.h" "hexfunctions.h"



/* Hexagonal P2A for one binary object must perform hexthreshold first 1) 2) 3) 4)



in_picture - erosion of the in_picture = perimeter counting the perimeter pixels of the object counting the pixels of the object (area) P2A= perimeter^2/(4*pi*area)



*/ extern "C" int HexP2a (IMAGE *src, IMAGE *dest) { ImpPixel& in( src->pixel());//point at the 1:st element of in_picture ImpPixel& out( dest->pixel());//point at the 1:st element of out_picture //erosion for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if (UINTPXL(in(x,y,0,0,0))==0)//if black pixel { if (y%2==0)//odd row { if (UINTPXL(in(x-1,y-1,0,0,0))==255 || UINTPXL(in(x,y1,0,0,0))==255 || UINTPXL(in(x-1,y,0,0,0))==255 || UINTPXL(in(x+1,y,0,0,0))==255 || UINTPXL(in(x-1,y+1,0,0,0))==255 || UINTPXL(in(x,y+1,0,0,0))==255)//white input { out(x,y,0,0,0)=UINTPXL(255);//white output } else out(x,y,0,0,0)=UINTPXL(0);//black output } if (y%2!=0)//even row { if (UINTPXL(in(x,y-1,0,0,0))==255 || UINTPXL(in(x+1,y1,0,0,0))==255 || UINTPXL(in(x-1,y,0,0,0))==255 || UINTPXL(in(x+1,y,0,0,0))==255 || UINTPXL(in(x,y+1,0,0,0))==255 || UINTPXL(in(x+1,y+1,0,0,0))==255)//white input { out(x,y,0,0,0)=UINTPXL(255);//white output } else out(x,y,0,0,0)=UINTPXL(0);//black output } } else out(x,y,0,0,0)=UINTPXL(255);//white remains white } } //in_picture minus its erosion for(int y=0; yheight(); y++)//looping the in_pictures { for(int x=0; xwidth(); x++) { if (UINTPXL(in(x,y,0,0,0)) == UINTPXL(out(x,y,0,0,0))) { out(x,y,0,0,0)=UINTPXL(255);//white output } else { out(x,y,0,0,0)=UINTPXL(0);//black output } } } //perimeter computing int perimeter=0; for(int y=0; yheight(); y++)//looping the out_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(out(x,y,0,0,0))==0)//black input { perimeter++; } } }
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//area computing int area=0; for(int y=0; yheight(); y++)//looping the in_picture { for(int x=0; xwidth(); x++) { if(UINTPXL(in(x,y,0,0,0))==0)//black input { area++; } } } //P2A computing double p2a=0.0; double pi=3.141593; p2a=perimeter*perimeter/(4*pi*area); coutraster(); if ( tileSize < 3) tileSize = 3; if ( tileSize > 99) tileSize = 99; if ( (Tile != SQUARE) && EVEN(tileSize) ) tileSize++; if (inpic->framesize() > MAXRESAMPLEDPIXELS ) throw any_error("InputImageTooBig"); if (!outpic->totalsize()) { CalculateTemplateImageSize( inpic,tileSize,templateXsize,templateYsize ); outpic->allocate( templateXsize, templateYsize ); } else { templateXsize = outpic->width(); templateYsize = outpic->height(); } Template = new ushort[templateXsize*templateYsize]; XSIZE = templateXsize; YSIZE = templateYsize; for (int b = 0; b < inpic->numbands(); b++) for (int t = 0; t < inpic->numframes(); t++) for (int z = 0; z < inpic->depth(); z++) { int status = Display_It( inpic, inpic->ptr( Layer(z,t,b) ), outpic, outpic->ptr( Layer(z,t,b) ), tileSize, Tile ); if (status != 0) { delete[] Template; return status; } } delete[] Template; return 0; } /*---------------------------------------------------------------------------*/
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