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A. JAXBEITLIEDY—RA—F (C++)
.

* Noise filter for binary png images, using Markov random field model and mean field
approximation

* $Id: noisefilter.cpp 1070 2006-10-16 23:57:56Z SYSTEM $
*x )

#include <math.h>
#include <stdio.h>

#include <stdlib.h>

#include "png.h"

#define TH 128 // threshold

#define REPEAT 30 // number of repeat for annealing loop

#define RMAX 200 // max number of repeat for loop of mean field approximation
#define DT (0.10) // delta T

#define EPS (10e-6)



#define ALPHA 0.5
#define P 0.2

struct PNG ({

FILE *fp;

png_structp png ptr;

png_infop info ptr;

unsigned long width, height;

int bit depth, color type, interlace type;
int channels;

unsigned char **image;

} pngim;

void filter noise stat(char **f, unsigned long width, unsigned long height);

int sign(double wvalue);

void read png(const char *filename);

void close png();

void write png(const char *filename, PNG *p);

void malloc image (PNG *p, bool use rowbytes);

void free image (PNG *p);

void **malloc matrix(unsigned long width, unsigned long height, int size);

void free matrix(void **ptr, unsigned long items);

int main(int argc, char **argv) {
if (argc < 3) {
fprintf (stderr, "Usage: %s input pngfile output pngfile\n", argv[0]);

exit (1) ;

// read the png file
read png(argv[1l]);

unsigned long width = pngim.width;

unsigned long height = pngim.height;

// allocate memory for the image to be processed

char **im = (char**)malloc matrix(width, height, sizeof (char));

// binarization
for (int y = 0; y < height; y++) {
for (int x = 0; x < width; =x++) {

int xoffset = x * pngim.channels; // x offset



int value = 0;

for (int ¢ = 0; ¢ < pngim.channels; c++) {

if (pngim.image(y] [xoffset+c] > value) { value = pngim.image[y] [xoffset+c];

}
im[y]l [x] = (value > TH 2 -1 : 1);

close png();

// noise filtering

filter noise stat(im, width, height);

// writeback the image to png file
PNG writeback;

writeback.width = width;
writeback.height = height;
malloc image (&writeback, false);
for (int y = 0; y < height; y++) {

for (int x = 0; x < width; =x++) {

writeback.image[y] [x] = (unsigned char) (im[y][x] > 0 2 0 : 255);

write png(argv([2], &writeback);

free matrix((void**)im, height); im = NULL;

return 0;

void filter noise stat(char **f, unsigned long width, unsigned long height)

int signs = 4;

int sign x[4] = {+1, -1, 0, 0},

int sign y[4] = { O, 0, +1, -1};

double **m = (double**)malloc matrix (width, height, sizeof (double)):;
double **g = (double**)malloc matrix (width, height, sizeof (double)):;
double **current = (double**)malloc matrix(width, height, sizeof (double));
double **prev = (double**)malloc matrix(width, height, sizeof (double));

double alpha = ALPHA;
double beta = log((1.0 - P) / P) * 0.50;
printf ("alpha=%f, beta=%f\n", alpha, beta):;

{

}



for (int y = 0; y < height; y++) {
for (int x = 0; x < width; x++) {
glyl[x] = £[yl[x]; // copy it, so f can be used for output
mly] [x] = gly][x];

double t = 1.0 + REPEAT * DT;
while (t > 1.0 + EPS) {
for (int y = 0; y < height; y++) {

for (int x = 0; x < width; =x++) {

prev(y] [x] = m[y][x];
}
}
t -= DT;
int r = 0; // counter
while (1) {

for (int y = 0; y < height; y++) {

for (int x = 0; x < width; x++) {

double sum = 0.0;

for (int s = 0; s < signs; s++) {
int cx = x + sign x[s];
if (cx < 0) { cx += width; }
if (cx >= width) { cx -= width; }

int cy = y + sign yl[s];
if (cy < 0) { cy += height; }
if (cy >= height) { cy -= height; }

sum += prev[cy] [cx];

current[y] [x] = tanh( ( beta * g[y]l[x] + alpha * sum ) / t );

double diff = 0.0;
for (int y = 0; y < height; y++) {
for (int x = 0; x < width; =x++) {
m[y] [x] = current[y][x];

flylIx] = sign(m[y][x]);
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diff += fabs(currentl[y][x] - prev[y]([x]);

prev([y]l [x] = currently][x];

r++;
if (diff < EPS || r > RMAX) { break; }

}
printf ("t=%f, r=%d\n", t, r);

free matrix((void**)m, height);
free matrix((void**)g, height);
free matrix((void**)current, height);

free matrix((void**)prev, height);

int sign(double wvalue) {
if (value > EPS) {
return +1;
} else if (value < -EPS) {

return -1;

return 0;

void read png(const char *filename) {
pngim.fp = fopen(filename, "rb");
if (pngim.fp == NULL) {
perror ("Cannot open file");

exit (1) ;

pngim.png ptr = png create read struct (PNG LIBPNG VER STRING, NULL, NULL, NULL);
pngim.info ptr = png create info struct(pngim.png ptr);

png init io(pngim.png ptr, pngim.fp);

png read info(pngim.png ptr, pngim.info ptr);
png _get IHDR(pngim.png ptr, pngim.info ptr, &(pngim.width), & (pngim.height),
& (pngim.bit depth), &(pngim.color type), &(pngim.interlace type),

NULL, NULL);
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malloc image (&pngim, true);

png read image (pngim.png ptr, pngim.image);

pngim.channels = png get channels (pngim.png ptr, pngim.info ptr);

void close png () {

free image (&pngim);

png destroy read struct(&(pngim.png ptr), &(pngim.info ptr), (png infopp)NULL);

fclose (pngim. fp) ;

void write png(const char *filename, PNG *p) {
p->fp = fopen(filename, "wb");
p->png ptr = png create write struct (PNG LIBPNG VER STRING, NULL, NULL, NULL);
p->info ptr = png create info struct (p->png ptr);

png init io(p->png ptr, p->fp);

png_set IHDR(p->png ptr, p->info ptr, p->width, p->height,
8, PNG COLOR TYPE GRAY, PNG INTERLACE NONE,

PNG COMPRESSION TYPE DEFAULT, PNG FILTER TYPE DEFAULT) ;

png write info(p->png ptr, p->info ptr);
png write image (p->png ptr, p->image);

png write end(p->png ptr, p->info ptr);

png destroy write struct (& (p->png ptr), &(p->info ptr));

fclose (p—->fp);

/**
* you first need to set width and height before calling this function
*x )

void malloc image (PNG *p, bool use rowbytes) {

if (p == NULL) { return; }

// allocate memory
p->image = (png bytepp)malloc( p->height * sizeof (png bytep) );
for (int i = 0; i < p->height; i++) {

if (use rowbytes > 0) {
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p->image[i] = (png bytep)malloc( png get rowbytes (p->png ptr, p->info ptr)

} else {

p->image[i] = (png bytep)malloc( p->width * sizeof (png byte)

void free image (PNG *p) {

if (p == NULL) { return; }

for (int 1 = 0; i < p->height;
free (p->image[i]) ;

}

free (p->image) ;

p->image = NULL;

void **malloc matrix(unsigned long width, unsigned long height,

void **image = (void**)malloc (height * sizeof (void*));

i++)

for (int i = 0; i < height; i++) {

image[i] = (void*)malloc(width * size);

return image;

void free matrix(void **ptr, unsigned long items)

if (ptr == NULL) { return; }

for (int i = 0; 1 < items; i++)

free(ptr[il]);
}
free (ptr);

{

{
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int size)

) ;
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