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Abstract

Recently computer vision and computer graphics for example video
image algorithms is studied and developed actively all over the world.
Image smoothing has been used in most of these algorithms, and the
importance of smoothing filter is increasing because of smoothing pro-
cessing affects these algorithms result. However, traditional smoothing
filter represented by gaussian filter has a problem which smoothing also
the important edges not only noise content.

Then, edge-preserving filtering has attracted a lot of attention. Bilat-
eral filter is the most general edge-preserving filter, but Bilateral filter has
two problems that can not be strongly smoothing flat region and create
an unnatural noise. Some researchers proposed enhanced bilateral filter
algorithm to resolve these problems, but the improvement causes lower
execution speed due to its computational complexity.

In this paper, we proposed Adaptive-lateral filter which is new edge-
preserving filter algorithm for both of advanced edge-preserving, strong
smoothing and fast execution. Proposed filter solve problems of bilateral
filter with switching between high speed strong non-edge-preserving fil-
ter and advanced edge-preserving filter. In addition, We imbedded the
proposed filter in a SIFT algorithm in order to show its effectiveness.
Experimental results show that the equivalent proposed Adaptive-lateral
filter provide processing speed to that of basic Bilateral Filter and equiv-

alent performance to that of advanced Trilateral Filter.
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#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <iostream>

#include <opencv2/opencv.hpp>
#include <cv.h>

#include <cxcore.h>

#include <highgui.h>

#include "afilter.h"

using namespace std;
using namespace cv;

Mat adaptivelateralFilter (Mat input, float sigmaCl, float sigmaC2, float
sigmaC3, float Rp)
{
Raw2D destImg;
Raw2D fTheta;
Raw3D minGradientStack, maxGradientStack;
int level;
float R;
Raw2D* pSrcImg = new Raw2D;
Gradients imgrad;
Raw2D blur;

//Mat to Raw
pSrcImg->sizer (input.cols,input.rows);
for(int y=0;y<input.rows+MAX_LEVEL*2;y++){
for(int x=0;x<input.cols+MAX_LEVEL*2;x++){
pSrcImg->put (x-MAX_LEVEL ,y-MAX_LEVEL , input.data[(y-MAX_LEVEL) *input.
step+(x-MAX_LEVEL) *input.elemSize ()]);
}
}

//set levels
if (pSrcImg->getXsize () *pSrcImg->getYsize () < 400000) level = 4;
else level = MAX_LEVEL;

//allocate memory

minGradientStack.sizer (pSrcImg->getXsize () ,pSrcImg->getY¥size () ,level);
maxGradientStack.sizer (pSrcImg->getXsize () ,pSrcImg->getY¥size(),level);
fTheta.sizer (pSrcImg);

destImg.sizer (pSrclmg);

imgrad.sizer (pSrclmg) ;

blur.sizer (pSrclmg) ;

//compute image gradients

imgrad.computeFullGradients (pSrcImg ,&blur) ;

R = pSrcImg->buildImageStack (&imgrad ,&minGradientStack ,&
maxGradientStack ,level);

R *= Rp; //adjust find region parameter

//find edge region

fTheta.findAdaptiveRegion (&minGradientStack, &maxGradientStack, R,
level);

//filtering
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destImg.Filtering (pSrcImg, &fTheta, sigmaCl, sigmaC2, sigmaC3,&imgrad)

B

//Raw to Mat
for(int y=0;y<input.rows;y++){
for (int x=0;x<input.cols;x++){
input.datal[y*input.step+x*input.elemSize ()] = (uchar)destImg.get(x
YD)
}
}

return input;

void Gradients::computeFullGradients (Raw2D #*src,Raw2D *blur){

int xmax, ymax;

float gauss_kernel [5][5] =
{{2,4,5,4,2},{4,9,12,9,4},{5,12,15,12,5},{4,9,12,9,4},{2,4,5,4,2}};

float sobel_x[3]1[3] = {{-1,0,1},{-2,0,2},{-1,0,1}};

float sobel_y[3][3] {{-1,-2,-1},{0,0,0},{1,2,13}};

xmax=getXsize () ;
ymax=getYsize ();

/KRR KA A AR KA AR K KKAA KKK GAUSS_ b LUT H KA A A A A A KA A A A A KK A A A A KK KA A A KK KKK
*/
for(int y =0;y<ymax;y++){
for (int x=0;x<xmax;x++){
float tmp = O0;
float normFactor = 0;
for(int i=-2;i<3;i++){
for(int j=-2;3j<3;j++){
if ((y+i)>=0 && (y+i)<ymax && (x+j) >= 0 && (x+j) < xmax){
tmp += gauss_kernel[i+2][j+2]*src->y[xmax*(y+i)+(x+j)];
normFactor += gauss_kernel[i+2][j+2];

}
}
}
tmp /= normFactor;
blur->y[xmax*y+x] = tmp;
¥
}
/*

K K K o ok ok kK ok ok ok oK K oK oK K K K K K K o ok ok ok ok K 3k 3k 3k 3K oK oK oK K K K K K K ok ok ok ok ok ok 3k 3k ok ok oK oK K K K K K K K K K K kK K % k|

*/

for (int y =0;y<ymax;y++){
for (int x=0;x<xmax;x++){
JAKEKAAKAA KKK KA KA KKA KK SOD @ KA K KA KA KA KA KA AKAA KA KA KA KA KK
*/
float fx=0,fy=0;
for(int i=-1;i<2;i++){
for(int j=-1;j<2;j++){
if ((y+i)>=0 && (y+i)<ymax && (x+j) >= 0 && (x+j) < xmax){
fx += sobel_x[i+1][j+1]*src->y[xmax*(y+i)+(x+j)];
fy += sobel_y[i+1][j+1]l*src->y[xmax*(y+i)+(x+j)];
}
}

27




109

110

111
112
113
114
115
116

117
118
119
120
121
122
123
124
125
126
127
128
129

131
132
133

134
135

137
138
139
140

141
142
143
144
145
146

147
148
149
150
151
152
153
154

156
157
158
159
160
161

/*
KKK KK KK KK KK KKK KKK KKK KKK AR KR KK AR KR KKK KK KKK KKK KKK KKK KKK KK
*/

/************************gradient_compute
K A A KK A A KKK KKK KKK KKK K )

grad [xmax*y+x] = sqrt(fx*fx+fy*fy);

gx [xmax*y+x] = fx;

gy [xmax*y+x] = fy;

KK e oK K oK K K K K K K K K K oK K K K oK Kk o oK K K K oK K K oK K K K oK oK K Kk oK K Ok ok oK K ok ok oK K ok oK oK K ok ok K Ok K oK K Ok o K Ok ok K

*/

float Raw2D::buildImageStack(Gradients *imgrad, Raw3D* pMinStack,

Raw3D* pMaxStack , int level)

int imax, jmax, i, j, lev, m, n;
float min, max, tmp, tmpMin, tmpMax,aveG=0;

imax=getXsize(); //get timage size
jmax=getYsize () ;

for(lev=0; lev < level; lev++) {
for(j=0; j < jmax; j++) {
for(i=0; i < imax; i++) {

if( lev == 0) { //stack level 0 is the magnitude of the gradients of
original image
tmp = imgrad->grad[imax*j+il;
max = min = tmp;

pMinStack->put(i,j,0,min);
pMaxStack->put(i,j,0,max);
aveG+=tmp;
}
if( lev > 0) { //Gradients at each level of the image stack is
computed from the level below
min = pMinStack->get(i,j,lev-1);
max = pMaxStack->get(i,j,lev-1);

for(m=-1; m <= 1; m++) {
for(n=-1; n <= 1; n++) {
//Computes the mazimum and minimum gradient wvalue in the
neighborhood
if ((i+m) >=0 && (i+m) < imax && (j+n) >=0 && (j+n) < jmax ) {
tmpMin = (float) pMinStack->get(i+m, j+n,lev-1);
tmpMax = (float) pMaxStack->get(i+m,j+n,lev-1);
if (min > tmpMin)

min = tmpMin;
if (max < tmpMax)
max = tmpMax;
}
}

}

pMinStack->put(i,j,lev,min);
pMaxStack->put(i,j,lev,max);
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162 Y // for(w...
163 Y // for(j...
164 Y // for(lev...
165
166 aveG /= jmax*imax;
167 return aveG;

169 | }
170
171
172 | void Raw2D::findAdaptiveRegion(Raw3D* pMinStack, Raw3D#* pMaxStack, float
R, int level)

173 | {

174 int imax, jmax,i,j,lev;

175

176 imax=getXsize (); //get image size

177 jmax=getYsize ();

178

179 for(j=0; j<jmax; j++) {

180 for(i=0; i<imax;i++) {

181 for(lev=0; lev < level; lev++) {

182 if ( pMaxStack->get(i,j,lev) > (pMaxStack->get(i,j,0) + R) ||
183 pMinStack->get(i,j,lev) < (pMaxStack->get(i,j,0) - R) )
184 break;

185 }

186 put(i,j,(float) (lev-1) );

187 Y // for(i...

188 Y // for(j...

189 | }

190

191

192 | void Raw2D::Filtering(Raw2D* srcImg, Raw2D* fTheta, float sigmaCThetal,
float sigmaCTheta2, float sigmaCTheta3,Gradients *imgrad)

193 | {

194 int i,j,m,n,imax, jmax,halfSize ,maxSize = MAX_LEVEL*2+1;

195 float tmp,domainWeight, normFactor ,brightWeight ,gradWeight;

196 float bufD = 2 * sigmaCThetal * sigmaCThetal;

197 float bufB = 2 * sigmaCTheta2 * sigmaCTheta2;

198 float bufG = 2 * sigmaCTheta3 * sigmaCTheta3;

199 int medi[9];//3*3 squea

200 float distW[maxSize][maxSizel];

201

202 //pre-compute disttance weightemacs

203 for (i=-MAX_LEVEL;i<=MAX_LEVEL;i++){

204 for (j=-MAX_LEVEL; j<=MAX_LEVEL; j++) {

205 distW[i+MAX_LEVEL] [j+MAX_LEVEL] = (float) pow(M_EXP, (double) (-(i
*i+j*j)/bufD)) ;

206 }

207 }

208

209 imax=getXsize(); //get image size

210 jmax=getYsize ();

211 for(j=0; j<jmax; j++) { //Y scanline...

212 for(i=0; i<imax; i++) { //X scankline...

213 normFactor=0.0;

214 tmp=0.0;

215

216 halfSize=(int) fTheta->y[i+imax*j];

217

218 //difficult smoothing

219 if (halfSize <= 2){
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bool f = false;
int co=0;

//noised pizel checking
for(m=-1;m<=1;m++){
for(n=-1;n<=1;n++){
if ( (i+m) >= 0 && (i+m) <imax && (j+n) >=0 && (j+n) < jmax) {

if (srcImg->y[i+imax*j] - srcImg->y[i+m+imax*(j+n)] <
MEDIAN_THRESHOLD && !(m==0 && n==0)){
f = true;
break;
}
elseq
medi[co]l = srcImg->y[i+m+imax*(j+n)];
}
co++;
}
}
}
//no noised pizel
if (£){
for(m = -DSFHS; m<=DSFHS; m++) {
for (n = -DSFHS; n<=DSFHS; n++) {

if ( (i+m) >= 0 && (i+m) <imax && (j+n) >=0 && (j+n) < jmax) {
//distance
domainWeight = distW[m+MAX_LEVEL][n+MAX_LEVEL];

//brightness

brightWeight = srcImg->y[i+imax*j] - srcImg->yl[i+m+imax*x(j+n)];

brightWeight = (float) pow(M_EXP, (double) (-(brightWeightx
brightWeight)/(bufB)));

//gradient

float dx,dy,gradDiff;

dx = imgrad->gx[i+imax*j] - imgrad->gx[i+m+imax*(j+n)];
dy = imgrad->gyl[i+imax*j] - imgrad->gy[i+m+imax*(j+n)];

gradDiff = sqrt(dx*dx+dy*dy);
gradWeight = (float) pow(M_EXP, (double) (-(gradDiff*gradDiff)/bufG)

H

//convolution
tmp += srcImg->y[i+m+imax*(j+n)] * domainWeight * brightWeight =*
gradWeight;
normFactor += domainWeight * brightWeight * gradWeight;
}
}
}
}
//noised pizel
elseq
sort (medi ,medi+co);
normFactor = 1;
tmp = medil[4]; //center factor;
}
}
//easy smoothing
elseq{
for(m = -halfSize; m<=halfSize; m++) {
for (n = -halfSize; n<=halfSize; n++) {
if ( (i+m) >= 0 && (i+m) <imax && (j+n) >=0 && (j+n) < jmax) {
//distance
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domainWeight = distW[m+MAX_LEVEL] [n+MAX_LEVEL];
tmp += srcImg->y[i+m+imax*(j+n)]* domainWeight;
normFactor += domainWeight;

}

if (normFactor != 0){
tmp /= normFactor;

}

elseq{
tmp = srcImg->y[i+imax*j];

}

put (i,j,tmp);

/7

void Raw2D::sizer(int ixsize, int iysize) {

y = new float[ixsizexiysizel; // & allocate memory.
xsize = ixsize; // set mew image size,
ysize = iysize;

}

void Raw2D::sizer (Raw2D* src) {
int ix, iy;

ix = src->getXsize();
iy = src->getY¥Ysize();
sizer (ix,iy);

}
void Raw3D::sizer(int ixsize, int iysize, int izsize) {

int 1i;

z = new Raw2D[izsizel]; // make room for the 2D objects,
zsize = izsize;
for(i=0; i< zsize; i++)

z[i].sizer (ixsize,iysize); // use the Raw2D sizer.

void Gradients::sizer(int ixsize, int iysize) {

grad = new float[ixsizexiysizel; // & allocate memory.
gx = new float[ixsizexiysizel; // & allocate memory.
gy = new float[ixsizexiysizel; // & allocate memory.
xsize = ixsize; // set mew image size,

ysize = iysize;
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}

void Gradients::sizer (Raw2D* src) {
int ix, iy;

ix = src->getXsize();
iy src->getYsize ();
sizer (ix,iy);

}

B 0O0000O0OO0OO0OODOOO

#define M_EXP 2.7182818284590452353602874713527
#define MAX_LEVEL 5 //mazimam filter size

#define MEDIAN_THRESHOLD 10 //medianfilter’s threshold
#define DSFHS 2 //Difficult Smoothing Filter Half Size

class Raw2D;
class Raw3D;

class Gradients;

class Raw2D /*: public CObject*/ {

public: [/ s DATA---------=-------
int xsize; // # of pizels per scanline,
int ysize; // # of scanlines in this Raw2D.

float *y; // 1D array of float that are accessed as a 2D array.

public: [/ ——mmm - init fens--—-----------
Raw2D (void) {} // constructor for ’empty’ Raw2Ds
“Raw2D (void) {} // destructor; releases memory
void sizer(int ixsize, int iysize); // get mem for rectangle of
pizels
void sizer (Raw2D* src); // get same amt. of mem as ’src’
int getXsize(void) {return xsize;}; // get # pizels per scanline
int getYsize(void) {return ysize;l}; // get # of scanlines.
void put(int ix, int iy, float val) { // write ’wal’ at location iz,
Y.
ylix + xsizexiy] = val;
3

float get(int ix, int iy) { // read the value at iz, sy.
return(y[ix + xsizexiyl);

}s

float getXY(int ixy){ // read value at 1D address izy
return ylixy];

}s

void putXY(int ixy,float val){// write wvalue at 1D address izy
ylixy]l = val;

void ComputeGradients (Raw2D* pX, Raw2D* pY);

void findAdaptiveRegion(Raw3D#* pMinStack, Raw3D* pMaxStack, float R,
int levelMax);
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};

void Filtering(Raw2D* srcImg,Raw2D* fTheta, float sigmaCThetal, float
sigmaCTheta2, float sigmaCTheta3,Gradients *imgrad);

float buildImageStack(Gradients *imgrad, Raw3D* pMinStack,
Raw3D* pMaxStack , int level);

class Raw3D /*: public CObject*/ {
public:

Raw2D *z; // dynam. allocated space for a set of Raw2D objects.
int zsize; // # of Raw2D objects stored.

public:

};

Raw3D(void){} // ’empty’ Raw3D constructor.
“Raw3D(void){} // destructor.
void sizer (int ixsize, int iysize, int izsize); // reserve memory

void sizer (Raw3D#* src); // get same amt. of mem as ’src
int getZsize(void) { // return # of Raw2D’s we hold;
return(zsize);
3
int getYsize () { // # of RawlD’s in zval-th Raw2D;
return(z[0].getYsize ());
3
int getXsize (D{ // # of pizels on yval,zval-th line
return(z [0].getXsize ());
3
float get(int ix, int iy, int iz) {
return(z[iz].get(ix,iy)); // write ’wal’ at location iz,iy,1z.
};
void put(int ix, int iy, int iz, float val) {
z[iz] .put(ix,iy,val); //write ’wval’ at location iz,iy, 2.
};
void wipecopy(Raw3D& src); // copy, resize as needed.

class Gradients{
public:

int =xsize;
int ysize;
float *gx;
float *gy;
float *grad;

public:

Gradients (void){}
“Gradients (void) {}

int getXsize(void) {return xsize;l}; // get # pizels per scanline
int getYsize(void) {return ysize;}; // get # of scanlines.
void sizer(int ixsize, int iysize); // get mem for rectangle of
pizels
void sizer (Raw2D* src); // get same amt. of mem as ’src’

void computeFullGradients (Raw2D #*src,Raw2D *blur);
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