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Abstract

With the advent of cheaper memory and faster affordable processors it has been feasible for quite some time now to deal with color images rather than grayscale images.  Numerous algorithms have been proposed to analyze and manipulate color images.  Now that we have three times the data compared to grayscale images, how should we construct a color edge detector?  Should we simply extend grayscale operators in an intelligent way, or are entirely new methods, inappropriate for grayscale images, called for?  For this project we will implement two algorithms, one to extend operators used on grayscale images and another totally new method proposed by Tsang and Tsang. Their effectiveness will be compared numerically using Pratt’s Figure of Merit [1] [6].  Both of the multi-spectral methods achieved better results than the grayscale edge detection method.

Prior Art and Current Issues

Grayscale Methodologies

In the past, most work on computer vision has been focused on grayscale image mainly due to the restriction of processing speed and memory capacity of computers.  Unfortunately, even though computer speed and memory capacity has grown exponentially in the past few years, many algorithms and machinery continue to work on grayscale images.  Reports and journals concerning multi-spectral (color) edge-operators are scarce in comparison to the multitude of gray-scale methodologies.

In the world of grayscale images, the most widely used operators include first-derivative methods such as Sobel, Prewitt and Roberts Operators, and second derivative methods include the Laplacian Operator [1].  Of all these, the Sobel operator is one of the most widely used [1, pg. 147].  We picked this for our study.

Grayscale image processing suffices for many applications, but clearly has its shortcomings.  With the advent of color-capable scanners, digital cameras and the likes, color image processing is a much better way to proceed.  Color images provide more information than gray value images, and therefore, more detailed edge information is expected from color edge detection.  The biggest problem with grayscale edge detection is that images with boundaries of different colors but similar intensities are usually missing.  The results of our experiment will be discussed in a later section.

On the bright side, there have been claims that about 90% of the edges are the same in grayscale and color images.  There are still 10% of the edges left that may not be detected due to the reason discussed above. [2] The missing edges, however, may be important for a consecutive processing step, such as edge-based image segmentation or edge-based stereo matching. [3]

Color Methodologies

First, let us define what an edge point is in a color image.  A color edge point could be said to exist if the luminance field contains an edge point.  However, that would be ignoring the discontinuities in hue and saturation in regions of constant luminance [6].  A more accurate description of a color edge point, and the one we will adopt, is that an edge point exists if there is an edge in any of the image component spectrums.

In the past few years, articles on multi-spectral edge detection trickled into the Computer Vision community.  The first of these articles covered methods that extend the usefulness of the grayscale methods.  The methods that have been studied include the Sobel operator (on multi-spectral images), Laplace operator and Mexican Hat operator.  These methods produced better results than the results obtained from intensity (grayscale) images. [4] The methods are usually implemented by processing each color spectrum (R, G and B) individually and combining the results in some meaningful way to produce the desired output.  Our project includes our own implementation of the Sobel operator that has been extended to color images.  These methods suffer from the detection of false edges because they process each spectrum individually.  The results and conclusion of the performances will be discussed in later sections.

Later articles were written on methods that are specifically tailored to fully utilize the extra information in the color images.  The more popular approaches include the Cumani operator and the Alshatti-Lambert operator. These operators might work in the YIV and HSV color spaces.  In our project, we implemented an algorithm by Tsang and Tsang that uses the HSV color space in an attempt to prevent false edge detection, especially those due to specular reflection [5].

With the multitude of edge detection algorithm, an effective means for objective evaluation of these algorithms becomes important.  One notable methodology is documented by William K. Pratt [6, pg. 538—542], [1].

Overview of Report

In the next section, we will describe the experiments that were conducted using three algorithms, namely the Tsang and Tsang’s algorithm [3], our own implementation of the color-extended Sobel algorithm, which will be referred to as the Lim and Lee algorithm and the Sobel grayscale algorithm as implemented in VisionX.  Then we will describe the programs written to implement the algorithms and their design methodologies.  A section will focus on the results and observations of our experiments, with another section concluding it with a summary of the achievements of our project.  Since there are many things that could be done to improve our algorithms, or that of the existing algorithms, we would suggest some future work and experiments that could be done.  Appendix A will contain a listing of our programs and Appendix B will be UNIX-style “man” pages documenting our programs.

Description of Experiments

We made two sets of test images.  The first set of images is synthetic ones used to investigate the robustness of the operators regarding noise.  They are made up of a simple step-edge and a circle.  The step-edge was created by making the right half of an image a different color from the left half.  Similarly, the interior of the circle was a different color from the background.  For both images, the intensity of every pixel is identical.  The second set contains real images of peppers (peppers.vx) and some files on a table (files.vx). 

We varied the Gaussian noise on each set of images as we run each of our algorithms on them.  To objectively compare the performance of each operator, we used Pratt’s Figure of Merit [1] [6].  We wrote a program that automatically located false edges, calculated the distance to the nearest ideal edge and computed the Figure of Merit for the image according to the formula [6] [1]:
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The program listing is included in the appendix of this report.  Our results are summarized later in this report.

Program Description and Design

1.  Three programs were written for our experiments.  The first of these implements the Tsang and Tsang algorithm.  The algorithm’s process can be summarized below:

1. Separate color image into RGB spectrum (see below)




2. Convert from RGB space to HSV spectrum




3. Process HSV according to algorithm (see below)




4. Write file

Figure 1: Tsang and Tsang’s Algorithm Implementation

Conversion from RGB to HSV

For given R, G, B ( [0, 255].  H ( [0, 511], V ( [0, 255] and S ( [0, 1].

1) V := max(R, G, B) ;

2) Let x := min(R, G, B) ;

3) Let delta := V – X ;

4) S := delta / V ;

5) if S = 0 then H := 1024

else goto 6) ;

6) if S ( 0 then {

if (R = V) then H := (G – B) / delta ;

else if (G = V) then H := (B – R) / delta + 2 ;

else if (B = V) then H := (R – G) / delta + 4 ;


}

7) H := H * 511 / 6 ;

8) if (H < 0), then H := H + 511 ;

Tsang and Tsang’s Algorithm

Next, we will use the following algorithm to find the gradient of each pixel in the multi-spectral image.  U and L are upper and lower threshold values that can be set by the user.  G is the threshold for gradient.  Sobel will be used to calculate gradient.

1) Calculate I index value for each pixel in image.  I := V * S ;

2) if (I > U) then gradient := (determined from H values) ;

3) if (I < L) then gradient := (determined from V values) ;

4) if (I >= L && I <= U) then gradient := (determined from max (H, V values) ) ;

5) if (gradient >= G) then mark pixel as edge ;



Figure 2: RGB Conversion and Tsang and Tsang’s Algorithm

2. The next program implemented our algorithm for a multi-spectral edge-operator.  It is a Sobel operator that has been extended for multi-spectral images.  The steps involved can be summarized below.

1. Separate color image into RGB spectrum (see above)




2. Process each color space (R, G and B) with Sobel




3. Compute the mean of the gradients calculated




4. Apply user-specifiable threshold for edges




5. Write file

Figure 3: Lim and Lee’s Algorithm Implementation
3.  To investigate the performance of a grayscale edge detector, we changed the color images to grayscale images then applied Vedge –s (Vsobel) that is included in the VisionX package.

4. As mentioned previously, the third program calculated Pratt’s Figure of Merit.  The program’s algorithm can be summarized in the following figure:

1. Calculate II, the ideal number of edge points




2. Scan the edge-detected image for zero pixels (edge points)




3. For each zero pixel, find the distance to the nearest actual edge point in the ideal image and calculate:
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This is added to a running sum. Also, increment IA for each zero pixel.




4. Compute Pratt’s Figure of Merit according to:
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Figure 4: Pratt’s Figure of Merit Implementation
To find for the nearest distance from an edge-detected point to an ideal edge point, we used the following algorithm:

1. Find for the nearest distance to an ideal edge point to the upper-right, lower-right, upper-left and lower-left and return the mean.




2. Is the current pixel an ideal edge? If it is, return the squared Euclidean distance:
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3. If not, recurse in the same direction being searched (i.e. if we were searching in the upper-right region, we will continue searching in that direction only) and repeat step 2.

Figure 5: Nearest Distance algorithm
Results and Observations

We received the following results after performing the experiments described above:

Signal to Noise Ratio
Pratt’s Figure of Merit for a step edge


Lim & Lee (%)
Tsang and Tsang (%)
Sobel on greyscale (%)

1
48.59
48.27
0.00

5
49.04
48.56
0.00

10
49.04
45.56
0.00

50
49.19
48.20
0.00

100
49.96
48.55
0.00

500
49.91
49.91
0.00

1,000
50.40
49.03
0.00

5,000
62.31
62.68
0.00

10,000
70.90
71.71
0.00

50,000
100.00
100.00
0.00

Table 1: Results obtained with a step edge
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Figure 6: Step edge used
<INSERT GRAPH HERE of Pratt’s Figure of Merit versus SNR for line>

Signal to Noise Ratio
Pratt’s Figure of Merit for a circle


Lim & Lee (%)
Tsang and Tsang (%)
Sobel on greyscale (%)

1
78.34
80.91
0.00

5
78.31
80.95
0.00

10
78.31
80.99
0.00

50
77.94
80.79
0.00

100
78.69
81.55
0.00

500
79.21
81.69
0.00

1,000
80.22
82.49
0.00

5,000
83.07
86.25
0.00

10,000
89.74
92.10
0.00

50,000
100.00
100.00
0.00

Table 2: Results obtained with a circle
[image: image6.jpg]



Figure 7: Circle used
<INSERT GRAPH HERE of Pratt’s Figure of Merit versus SNR for circle>

For the second image set, the output images from each edge detection algorithm are presented below for a subjective comparison.  The images are peppers.vx and files.vx.  We adjusted the parameters of each algorithm to get the best possible images.

Original Images
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peppers.vx
files.vx

Tsang and Tsang’s Algorithm
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Lim and Lee’s Algorithm

[image: image11.jpg]



[image: image12.jpg]




peppers.vx
files.vx

Vsobel on Grayscale Image
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Conclusion and Achievements

Our experiments were useful in demonstrating the performance of three very different approaches to edge-detection.  The first was the color edge detection algorithm proposed by Tsang and Tsang especially for use on color images to take advantage of the extra information available.  The second approach was a simple extension of the grayscale edge detector for multi-spectral edge detection.  The third and last approach used a grayscale edge detector on a grayscale image.

The grayscale edge detector often misses edges because it only operates on intensity values and completely disregards differences in hue and saturation.  For the synthetic images, the intensity of each pixel is identical so the grayscale edge detector was completely useless and could not detect a single edge point.  For the real images, grayscale edge detection performed rather well as most edges in natural scenes have different luminance values.  But, if we look at files.vx, we can see that quite a few edges between the files and the tabletop are undetected because even though the color is different, the intensity is the same.  Grayscale edge detectors should only be used where intensity values are not likely to be similar and speed is of the essence.

If we extend a grayscale edge detector to work on each spectrum separately and then combine the results, such as in Lim and Lee’s algorithm, many false edges are detected, especially on noisier images.  The false edges are detected again due to the fact that hue and saturation (which are a very big and important component of color images) are not taken into account in the calculations.  It will still, however, perform better than the grayscale edge detector.  As can be seen from the graph on page 11, Limlee even performs better than Tsang in noisy images with step edges.

The Tsang color edge detector that processed the image in the HSV spectrum generally gave the best results for the synthetic images.  As can be seen from the graphs on pages 11 and 13, the Pratt Figure of Merit is higher for Tsang then Limlee in almost all situations.  Previous studies [4] have also shown that color edge detectors that work on an image not in the RBG color space but in the HSV or YIV spectrum usually perform better.  This is because the more independent color bands are, the easier it is to perform segmentation, particularly in the discrimination of regions with similar luminance but different color contents.  Interestingly, the Tsang color edge detector does not detect edges caused by specular reflection as can be seen quite plainly in the peppers.vx image.  Both the vsobel grayscale and Limlee edge detectors obtain false positive edges with the specular reflections off the peppers.

Future Work
Due to time constraints, the implementations of algorithms that we wrote (tsang.c, limlee.c, pratt.c) were not optimized and do not scale very well to larger images.  They were written with clarity in mind to aid debugging.

It would be interesting to implement more edge detectors like Cumani, Laplace, Alshatti and Lambert.  Their Pratt Figures of Merit could then be compared to see how they perform at different Signal to Noise Ratios.

To better aid in the subjective comparison of results of applying the algorithms on real color images, a filter could be implemented to remove the small insignificant specks of edge points detected.

Appendix A: Program Listing
A1: Implementation of Tsang and Tsang algorithm

/**********************************************************************/

/*                                                                    */

/* Tsang & Tsang algorithm to perform multispectral edge detection    */

/*                                                                    */

/**********************************************************************/

#include "VisXV4.h"               /* VisX structure include file     */

#include "Vutil.h"                /* VisX utility header files       */

VXparam_t par[] =                 /* command line structure          */

{

{ "if=",    0,   "input file"},

{ "of=",    0,   "output file"},

{ "u=",     0,   "upper threshold value"},

{ "l=",     0,   "lower threshold value"},

{ "g=",     0,   "gradient threshold"},

{  0,       0,   0}   /* list termination */

};

#define  IVAL   par[0].val

#define  OVAL   par[1].val

#define  UVAL   par[2].val

#define  LVAL   par[3].val

#define  GVAL   par[4].val

VisXfile_t *VXin,                  /* input file structure            */

           *VXout ;                /* output file structure           */

VisXelem_t *VXlist,                /* VisionX data structure          */

           *VXptr ;                /* VisionX pixel data pointer      */

/* global variables */

VisXimage_t h, s, v,               /* HSV image structures            */

            grad ;                 /* gradient image structure        */

/* Function declaration */           

void sobelh (int, int) ;

void sobelv (int, int) ;

main(argc, argv)

int argc ;

char *argv[] ; {

   int i, j,                       /* loop counters                   */

       temp,                       /* temporarily hold gradient values*/

       u, l,                       /* upper, lower threshold          */

       gt ;                        /* gradient threshold              */

   VisXimage_t in,                 /* input image structure           */

               r, g, b ;           /* RGB image structure             */

   int xmin ;                      /* xmin = min (r, g, b)            */

   int delta ;                     /* delta = v-x                     */

   VXparse(&argc, &argv, par) ;    /* parse the command line          */

   VXin  = VXopen(IVAL, 0) ;       /* open input file                 */

   VXout = VXopen(OVAL, 1) ;       /* open the output file            */

   VXlist = VXread(VXin) ;         /* read file                       */

   u = (UVAL ? atoi(UVAL) : 200) ; /* read u, default is u=200        */

   l = (LVAL ? atoi(LVAL) : 100) ; /* read l, default is l=100        */

   gt = (GVAL ? atoi(GVAL) : 50) ; /* read gt, default is gt=50       */

/************************************************************************

1) copy image data into array "in" which has 3 times the WIDTH to 

   accommodate R, G, B data.

2) create arrays "r", "g", "b" with dimensions WIDTH * HEIGHT

3) create array "s" with dimentions WIDTH * HEIGHT (float type)

4) create output array "grad" with dimensions WIDTH * HEIGHT

5) create arrays "h", "v" with dimensions WIDTH * HEIGHT and a 

   border of zeros (float type)

*************************************************************************/

   if (VXNIL != (VXptr = VXfind(VXlist, VX_PBYTE))) {  /* find image */

      VXsetimage(&in, VXptr, VXin) ;   /* initialize input structure */

      VXmakeimage(&r, VX_PBYTE, in.bbx, 1) ;

      VXmakeimage(&g, VX_PBYTE, in.bbx, 1) ;

      VXmakeimage(&b, VX_PBYTE, in.bbx, 1) ;

      VXmakeimage(&s, VX_PFLOAT, in.bbx, 1) ;

      VXmakeimage(&grad, VX_PBYTE, in.bbx, 1) ;

      //image structure with border of zeros

      VXembedimage(&h, &s, 1, 1, 1, 1);

      VXembedimage(&v, &s, 1, 1, 1, 1);

      /* split data from "in" into the 3 arrays "r", "g", "b" */

      for (i = in.ylo ; i <= in.yhi ; i++) {

         for (j = in.xlo ; j <= in.xhi ; j++) {

            if (j%3 == 0)

               r.u[i][j/3] = in.u[i][j] ;

            if (j%3 == 1)

               g.u[i][j/3] = in.u[i][j] ;

            if (j%3 == 2)

               b.u[i][j/3] = in.u[i][j] ;

         }

      }

      /* loop to calculate HSV values */  

      for (i = r.ylo ; i <= r.yhi ; i++) {

         for (j = r.xlo ; j <= r.xhi ; j++) {

            /* calculate v where v = max (r, g, b) */

            v.f[i][j] = r.u[i][j] ;

            if (g.u[i][j] > v.f[i][j]) v.f[i][j] = g.u[i][j] ;

            if (b.u[i][j] > v.f[i][j]) v.f[i][j] = b.u[i][j] ;

            /* calculate xmin where xmin = min (r, g, b) */

            xmin = r.u[i][j] ;

            if (g.u[i][j] < xmin) xmin = g.u[i][j] ;

            if (b.u[i][j] < xmin) xmin = b.u[i][j] ;

            delta = v.f[i][j] - xmin ;

            /* calculate s where s = delta/v */

            if (v.f[i][j] == 0.0)

               s.f[i][j] = 0.0 ;

            else

               s.f[i][j] = delta / v.f[i][j] ;

            /* calculate h */

            if (s.f[i][j] == 0.0) 

               h.f[i][j] = 1024 ;

            else {

               if ((float)r.u[i][j] == v.f[i][j])

                  h.f[i][j] = (g.u[i][j] - b.u[i][j]) / delta ;

               else if ((float)g.u[i][j] == v.f[i][j])

                  h.f[i][j] = ((b.u[i][j] - r.u[i][j]) / delta) + 2 ;

               else if ((float)b.u[i][j] == v.f[i][j])

                  h.f[i][j] = ((r.u[i][j] - g.u[i][j]) / delta) + 4 ;

            }

            h.f[i][j] = h.f[i][j] * 511 / 6 ;

            if (h.f[i][j] < 0) h.f[i][j] = h.f[i][j] + 511 ;

         }

      }

      /* loop to calculate gradient */  

      for (i = r.ylo ; i <= r.yhi ; i++) {

         for (j = r.xlo ; j <= r.xhi ; j++) {

            int index = v.f[i][j] * s.f[i][j] ;

            if (index > u)

               sobelh (i, j) ;

            else if (index < l)

               sobelv (i, j) ;

            else { /* use max(v, h) to calculate gradient */

               sobelh (i, j) ;

               temp = grad.u[i][j] ;

               sobelv (i, j) ;

               if (temp > grad.u[i][j]) grad.u[i][j] = temp ;

            }

         }

      }

      /* loop to mark edges, black lines on white background */  

      for (i = r.ylo ; i <= r.yhi ; i++) { 

         for (j = r.xlo ; j <= r.xhi ; j++) {

            if (grad.u[i][j] > gt)

               grad.u[i][j] = 0 ; // black

            else

               grad.u[i][j] = 255 ; // white

         }

      }

      VXwrite(VXout, grad.list) ;        /* write data  */  

   }

   else {

      fprintf(stderr, "no byte image data in input file\n") ;

      exit(-1) ;

   }       

   VXclose(VXin);                  /* close files  */

   VXclose(VXout);

   exit(0);

}

//Sobel operator is implemented, centered in pixel (x, y) in "h" space

void sobelh (int y, int x) {

   float sx, sy ;

   sx = h.f[y+1][x-1]*(-1) + h.f[y][x-1]*(-2) + h.f[y-1][x-1]*(-1) +

        h.f[y+1][x+1] + h.f[y][x+1]*2 + h.f[y-1][x+1] ;

   sy = h.f[y+1][x-1] + h.f[y+1][x]*2 + h.f[y+1][x+1] +

        h.f[y-1][x-1]*(-1) + h.f[y-1][x]*(-2) + h.f[y-1][x+1]*(-1) ;

   grad.u[y][x] = sqrt (sx * sx + sy * sy) ;

}

//Sobel operator is implemented, centered in pixel (x, y) in "v" space

void sobelv (int y, int x) {

   float sx, sy ;

   sx = v.f[y+1][x-1]*(-1) + v.f[y][x-1]*(-2) + v.f[y-1][x-1]*(-1) +

        v.f[y+1][x+1] + v.f[y][x+1]*2 + v.f[y-1][x+1] ;

   sy = v.f[y+1][x-1] + v.f[y+1][x]*2 + v.f[y+1][x+1] +

        v.f[y-1][x-1]*(-1) + v.f[y-1][x]*(-2) + v.f[y-1][x+1]*(-1) ;

   grad.u[y][x] = sqrt (sx * sx + sy * sy) ;

}

Program Listing 1: tsang.c implementing Tsang and Tsang’s Algorithm

A2: Implementation of Lim and Lee algorithm
/************************************************************************/

/*                                                                      */

/* Lim & Lee algorithm to perform multispectral edge detection          */

/*                                                                      */

/************************************************************************/

#include "VisXV4.h"               /* VisX structure include file     */

#include "Vutil.h"                /* VisX utility header files       */

VXparam_t par[] =                 /* command line structure          */

{

{ "if=",    0,   "input file"},

{ "of=",    0,   "output file"},

{ "g=",     0,   "gradient threshold"},

{  0,       0,   0}   /* list termination */

};

#define  IVAL   par[0].val

#define  OVAL   par[1].val

#define  GVAL   par[2].val

VisXfile_t *VXin,                  /* input file structure             */

           *VXout ;                /* output file structure            */

VisXelem_t *VXlist,                /* VisionX data structure           */

           *VXptr ;                /* VisionX pixel data pointer       */

/* global variables */

VisXimage_t r, g, b,             /* RGB image structure                */

            r_grad, g_grad,      /* image structures of gradients of   */

            b_grad ;             /* individual spectra                 */

/* Function declaration */           

void sobelr (int, int) ;

void sobelg (int, int) ;

void sobelb (int, int) ;           

main(argc, argv)

int argc ;

char *argv[] ; {

   int i, j,                       /* loop counters                    */

       gt ;                        /* gradient threshold               */

   VisXimage_t in,                 /* input image structure            */

               grad ;              /* gradient image structure         */

   VXparse(&argc, &argv, par) ;    /* parse the command line           */

   VXin  = VXopen(IVAL, 0) ;       /* open input file                  */

   VXout = VXopen(OVAL, 1) ;       /* open the output file             */

   VXlist = VXread(VXin) ;         /* read file                        */

   gt = (GVAL ? atoi(GVAL) : 50) ; /* read gt, default is gt=50        */

/************************************************************************

1) copy image data into array "in" which has 3 times the WIDTH to 

   accommodate R, G, B data.

2) create arrays "r_grad", "g_grad", "b_grad" with dimentions 

   WIDTH * HEIGHT (float type)

3) create arrays "r", "g", "b" with dimensions WIDTH * HEIGHT with a

   border of zeros (float type because don't know how to embed and change

   type)

4) create output array "grad" with dimensions WIDTH * HEIGHT

*************************************************************************/

   if (VXNIL != (VXptr = VXfind(VXlist, VX_PBYTE))) {  /* find image */

      VXsetimage(&in, VXptr, VXin) ;   /* initialize input structure */

      // float for more accuracy

      VXmakeimage(&r_grad, VX_PFLOAT, in.bbx, 1);

      VXmakeimage(&g_grad, VX_PFLOAT, in.bbx, 1);

      VXmakeimage(&b_grad, VX_PFLOAT, in.bbx, 1);

      // image structure with border of zeros

      VXembedimage(&r, &r_grad, 1, 1, 1, 1);

      VXembedimage(&g, &r_grad, 1, 1, 1, 1);

      VXembedimage(&b, &r_grad, 1, 1, 1, 1); 

      VXmakeimage(&grad, VX_PBYTE, in.bbx, 1);

      /* split data from "in" into the 3 arrays "r", "g", "b" */

      for (i = in.ylo ; i <= in.yhi ; i++) {

         for (j = in.xlo ; j <= in.xhi ; j++) {

            if (j%3 == 0)

               r.f[i][j/3] = in.u[i][j] ;

            if (j%3 == 1)

               g.f[i][j/3] = in.u[i][j] ;

            if (j%3 == 2)

               b.f[i][j/3] = in.u[i][j] ;

         }

      }

      /* loop to calculate gradients in each spectra */  

      for (i = r_grad.ylo ; i <= r_grad.yhi ; i++) {

         for (j = r_grad.xlo ; j <= r_grad.xhi ; j++) {

            sobelr (i, j) ;

            sobelg (i, j) ;

            sobelb (i, j) ;

         }

      }

      /* loop to calculate average gradient and mark out edges */  

      for (i = r_grad.ylo ; i <= r_grad.yhi ; i++) {

         for (j = r_grad.xlo ; j <= r_grad.xhi ; j++) {

            grad.u[i][j] = ((r_grad.f[i][j] + g_grad.f[i][j] +

                             b_grad.f[i][j]) / 3) ;

            if (grad.u[i][j] > gt)

               grad.u[i][j] = 0 ; // black

            else

               grad.u[i][j] = 255 ; // white

         }

      }

      VXwrite(VXout, grad.list) ;        /* write data  */  

   }

   else {

      fprintf(stderr, "no byte image data in input file\n") ;

      exit(-1) ;

   }       

   VXclose(VXin);                  /* close files  */

   VXclose(VXout);

   exit(0);

}

//Sobel operator is implemented, centered in pixel (x, y) in Red spectrum

void sobelr (int y, int x) {

   float sx, sy ;

   sx = r.f[y+1][x-1]*(-1) + r.f[y][x-1]*(-2) + r.f[y-1][x-1]*(-1) +

        r.f[y+1][x+1] + r.f[y][x+1]*2 + r.f[y-1][x+1] ;

   sy = r.f[y+1][x-1] + r.f[y+1][x]*2 + r.f[y+1][x+1] +

        r.f[y-1][x-1]*(-1) + r.f[y-1][x]*(-2) + r.f[y-1][x+1]*(-1) ;

   r_grad.f[y][x] = sqrt (sx * sx + sy * sy) ;

}

//Sobel operator is implemented, centered in pixel (x, y) in Green

//  spectrum

void sobelg (int y, int x) {

   float sx, sy ;

   sx = g.f[y+1][x-1]*(-1) + g.f[y][x-1]*(-2) + g.f[y-1][x-1]*(-1) +

        g.f[y+1][x+1] + g.f[y][x+1]*2 + g.f[y-1][x+1] ;

   sy = g.f[y+1][x-1] + g.f[y+1][x]*2 + g.f[y+1][x+1] +

        g.f[y-1][x-1]*(-1) + g.f[y-1][x]*(-2) + g.f[y-1][x+1]*(-1) ;

   g_grad.f[y][x] = sqrt (sx * sx + sy * sy) ;

}

//Sobel operator is implemented, centered in pixel (x, y) in Blue spectrum

void sobelb (int y, int x) {

   float sx, sy ;

   sx = b.f[y+1][x-1]*(-1) + b.f[y][x-1]*(-2) + b.f[y-1][x-1]*(-1) +

        b.f[y+1][x+1] + b.f[y][x+1]*2 + b.f[y-1][x+1] ;

   sy = b.f[y+1][x-1] + b.f[y+1][x]*2 + b.f[y+1][x+1] +

        b.f[y-1][x-1]*(-1) + b.f[y-1][x]*(-2) + b.f[y-1][x+1]*(-1) ;

   b_grad.f[y][x] = sqrt (sx * sx + sy * sy) ;

}

Program Listing 2: limlee.c implementing Lim and Lee’s Algorithm

A3: Implementation of Pratt’s Figure of Merit
/****************************************************************************/

/* pratt.c -- Calculate Pratt Figure of Merit

/****************************************************************************/

#include "VisXV4.h"               /* VisX structure include file     */

#include "Vutil.h"                /* VisX utility header files       */

VXparam_t par[] =                 /* command line structure          */

{

{ "if=",    0,   "input file to calculate figure of merit"},

{ "ii=",    0,   "ideal input file"},

{ "a=",    0,    "scaling factor"},

{  0,       0,   0}   /* list termination */

};

#define  IVAL   par[0].val

#define  IIVAL  par[1].val

#define  AVAL   par[2].val

#define INFTY 999999999999

double findNearest(int, int, int, int, int, int);

double findRightUp(int, int, int, int, int, int);

double findRightDown(int, int, int, int, int, int);

double findLeftUp(int, int, int, int, int, int);

double findLeftDown(int, int, int, int, int, int);

double min(double, double);

double max(double, double);

VisXfile_t *VXin,                  /* input file structure               */

           *VXideal;

VisXelem_t *VXlist,                /* VisionX data structure             */

           *VXidealList,

           *VXptr,

           *VXidealPtr;            /* VisionX pixel data pointer         */

VisXimage_t in,                    /* input image structure              */

            ideal;

int main(int argc, char **argv) {

   int i, j;                 /* loop counters                      */

   double dist, runningSum;

   int Ia=0, Ii=0;

   double pratt;

   double A;

   VXparse(&argc, &argv, par) ;    /* parse the command line             */

   VXin  = VXopen(IVAL, 0) ;       /* open input file                    */

   VXideal = VXopen(IIVAL, 0);

   VXlist = VXread(VXin) ;         /* read file                          */

   VXidealList = VXread(VXideal);

   A = (AVAL ? atof(AVAL) : 1.0/9);

   VXclose(VXideal);

   VXin  = VXopen(IVAL, 0) ;       /* open input file                    */

   VXlist = VXread(VXin) ;         /* read file                          */

   /* find images */

   if (VXNIL != (VXptr = VXfind(VXlist, VX_PBYTE))) {

     if (VXNIL != (VXidealPtr = VXfind(VXidealList, VX_PBYTE))) {

       VXsetimage(&in, VXptr, VXin) ;   /* initialize input structure  */

       VXsetimage(&ideal, VXidealPtr, VXideal);

       for (i = ideal.ylo+1; i < ideal.yhi; i++) /* Calculate Ii */


 for (j = ideal.xlo+1; j < ideal.xhi; j++)


   if (!ideal.u[i][j])


     Ii++;

       fprintf(stderr, "Ii: %d\n", Ii);

       for (i = in.ylo+1; i < in.yhi; i++) {


 for (j = in.xlo+1; j < in.xhi; j++) {


   if (!in.u[i][j]) {


     Ia++;


     dist = findNearest(j, i, ideal.xlo, ideal.ylo,





ideal.xhi, ideal.yhi);


     fprintf(stderr, "Minimum Distance: %f\n", dist);


     runningSum = runningSum + 1.0/(1.0+A*dist);


     fprintf(stderr, "Running Sum: %f\n", runningSum);


   }


 }

       }

     }

     else {

       fprintf(stderr, "no byte image data in ideal input file\n") ;

       exit(-1) ;

     }       

   } else {

      fprintf(stderr, "no byte image data in input file\n") ;

      exit(-1) ;

   }       

   VXclose(VXin);                  /* close files  */

   VXclose(VXideal);

   pratt = 1/max(Ii, Ia)*runningSum;

   fprintf(stderr, "Pratt figure of merit: %f\n", pratt);

   exit(0);

}

//Computes the min of two values

double min(double a, double b) {

  if (a > b)

    return b;

  else

    return a;

}

double max(double a, double b) {

  if (b > a)

    return b;

  else

    return a;

}

/* finds nearest squared distance in ideal image from the current image point */

/* uses Euclidean distance */

int startx, starty; //global to simplify

double findNearest(int currentX, int currentY,



   int minX, int minY, int maxX, int maxY) {

  startx = currentX;

  starty = currentY;

  return (min(min(findRightUp(currentX, currentY, minX, minY, maxX, maxY),



  findRightDown(currentX, currentY, minX, minY, maxX, maxY)),


      min(findLeftUp(currentX, currentY, minX, minY, maxX, maxY),



  findLeftDown(currentX, currentY, minX, minY, maxX, maxY))));

}

//Find nearest match in right-up direction

double findRightUp(int currentX, int currentY,



   int minX, int minY, int maxX, int maxY) {

  if (currentX >= maxX || currentY >= maxY ||

      currentX <= minX || currentY <= minY)

    return INFTY;

  if (ideal.u[currentY][currentX] == 0)

    return ((currentY-starty)*(currentY-starty) + (currentX-startx)*(currentX-startx));

  return (min(findRightUp(currentX+1, currentY, minX, minY, maxX, maxY),


      findRightUp(currentX, currentY+1, minX, minY, maxX, maxY)));

}

//Find nearest match in right-down direction

double findRightDown(int currentX, int currentY,



   int minX, int minY, int maxX, int maxY) {

  if (currentX >= maxX || currentY >= maxY ||

      currentX <= minX || currentY <= minY)

    return INFTY;

  if (ideal.u[currentY][currentX] == 0)

    return ((currentY-starty)*(currentY-starty) + (currentX-startx)*(currentX-startx));

  return (min(findRightDown(currentX+1, currentY, minX, minY, maxX, maxY),


      findRightDown(currentX, currentY-1, minX, minY, maxX, maxY)));

}

//Find nearest match in left-up direction 

double findLeftUp(int currentX, int currentY,



   int minX, int minY, int maxX, int maxY) {

  if (currentX >= maxX || currentY >= maxY ||

      currentX <= minX || currentY <= minY)

    return INFTY;

  if (ideal.u[currentY][currentX] == 0)

    return ((currentY-starty)*(currentY-starty) + (currentX-startx)*(currentX-startx));

  return (min(findLeftUp(currentX, currentY+1, minX, minY, maxX, maxY),


      findLeftUp(currentX-1, currentY, minX, minY, maxX, maxY)));

}

//Find nearest match in left-down direction

double findLeftDown(int currentX, int currentY,



   int minX, int minY, int maxX, int maxY) {

  if (currentX >= maxX || currentY >= maxY ||

      currentX <= minX || currentY <= minY)

    return INFTY;

  if (ideal.u[currentY][currentX] == 0)

    return ((currentY-starty)*(currentY-starty) + (currentX-startx)*(currentX-startx));

  return (min(findLeftDown(currentX-1, currentY, minX, minY, maxX, maxY),


      findLeftDown(currentX, currentY-1, minX, minY, maxX, maxY)));

}

Program Listing 3: pratt.c to calculate the Pratt’s Figure of Merit

Appendix B: Documentation for Programs

B1: Tsang
NAME


tsang – multi-spectral edge detection using Tsang and Tsang’s algorithm

SYNOPSIS

tsang [if=<infile>] [of=<outfile>] [u=<upper threshold value>] [l=<lower threshold value>] [g=<gradient threshold>]

DESCRIPTION

tsang computes the Tsang and Tsang’s edge detection function. The algorithm is described in their paper (see bottom of this documentation for a reference). By default, the upper threshold value is 200, the lower threshold value is 100 and the gradient threshold is set to 50. The program outputs a grayscale VisionX image with the edges represented as 0 (black) and the background is represented as 255 (white).

OPTIONS


u=upper threshold
The u= parameter specifies a value for the upper threshold value. This is used together with the lower threshold in the Tsang and Tsang’s algorithm to determine whether the gradient should be computed from the H, V or the maximum of the H and V value. The purpose of this is to remove false edge detection due to specular reflections.


l=lower threshold
The l= parameter specifies a value for the lower threshold value. This is used together with the upper threshold in the Tsang and Tsang’s algorithm to determine whether the gradient should be computed from the H, V or the maximum of the H and V value. The purpose of this is to remove false edge detection due to specular reflections.


g=gradient threshold
The g= parameter specifies a value for the gradient threshold. This is used in the detection phase. Gradients computed using Tsang and Tsang’s algorithm which are above or equal to this gradient will be considered as an edge, and those lower than this will not be considered as an edge.

AUTHORS


Minghai Lim and Tien Lee from algorithm in:


P.W.M. Tsang and W.H.Tsang, “Gradient based edge operator in multi-spectral images”, International Symposium on Signal Processing and its Applications, ISSPA, Gold Coast, Australia, 25-30 August 1996.

SEE ALSO


limlee, pratt

Figure 8: Documentation for Tsang and Tsang’s algorithm

B2: Limlee
NAME


limlee – multi-spectral edge detection using Lim and Lee’s algorithm

SYNOPSIS

limlee [if=<infile>] [of=<outfile>] [g=<gradient threshold>]

DESCRIPTION

limlee computes the Lim and Lee’s edge detection function. It computes the gradients in each of the R, G, B color space using a Sobel operator. After that, it averages the gradient values for each pixel and detects the edges by thresholding. By default, the gradient threshold is set to 50. The program outputs a grayscale VisionX image with the edges represented as 0 (black) and the background is represented as 255 (white).

OPTIONS


g=gradient threshold
The g= parameter specifies a value for the gradient threshold. This is used in the detection phase. Gradients computed using Lim and Lee’s algorithm which are above or equal to this gradient will be considered as an edge, and those lower than this will not be considered as an edge.

AUTHORS


Minghai Lim and Tien Lee

SEE ALSO


tsang, pratt

Figure 9: Documentation for Lim and Lee’s Algorithm

B3: Pratt
NAME


pratt – calculates Pratt’s Figure of Merit for a given image

SYNOPSIS

pratt [if=<infile>] [ii=<infile>] [a=<scaling factor>]

DESCRIPTION

pratt computes the Pratt’s Figure of Merit. It reads in an “ideal edge detected image” specified by the ii= parameter and computes the Figure of Merit for the input file specified by the if= parameter. 

OPTIONS


if=
input file to compute Pratt’s Figure of Merit

ii=
input file that is assumed to be an image output of an ideal edge detector to which the input file (specified by if=) will be compared against.

a=
scaling factor used in Pratt’s Figure of Merit calculation (as a penalty constant). The default is 1/9.

AUTHORS


Tien Lee and Minghai Lim

SEE ALSO


tsang, limlee

Figure 10: Documentation for Pratt’s Figure of Merit Algorithm
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