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530 Wl 3¢)3 bt C++ b kel el -y R
bmp f (ks Grall Ll & oy el @ el sl bmp
s ADOBE | 50 mias maliy sl 258U 50l minas (Ss ot

s PHOTOSTUDIO , ACDC

readFile avls Jd= o bio.bmp 2Ll §pall 15 cmabipll s
b d) writelmage s e by S5y INIMAZE Byias (3

3

s cd Wy J'C\\RW!" W) 3 0bjselly bioresult.bmp

ahee g el ol fod bl bul e WS Slids

#~ this program i1s to read and write an image

# include <cstdio:

# include <conio.hr-~ console

# include <dos.h:> ~ DOS

# include <cstdlib: -~ standard library

# include <cmath>

# include <iostreamnr -~ input output stream
# include <fstreamn: < file stream

# include <iomanip: << 1o manipulation

s read fie from: C:“RW-bic.BHMF .~

< write file to CosRW-bioresult BMF ~~

# define HX 256

typedef unsigned char block. ~~ block of pizels (sach pizel is a block of unsigned char)
typedef struct

unsigned char RD, GH.BU.DHM:
TPa 1y

Pal pall[XX]. pal2[HX]:
o

using namsspacs std:
using std: fstream:
using std::ifstrean:
using =std: ofstream;
o
unsigned char chl.ch2:
unsigned int filesize:
unsigned short rsl. rs2:
unsigned int ofb.size.width.height
unsigned short plan. btpln. #p=l3;
unsigned int comp .szing.bizpl.bivpl.cu.cr:

o
# define XD 1961
# define YD 2729
# define DIH ED=¥D
s
block inimage [XD][¥D]., outimage[XD][¥D]:
int imgprocess[XD][¥D]:

woid writelmage(chsr *outFile2):

woid main {woid)

ov4
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woid

{

char #inageFile.*outFile, ®*outFile2;

imageFile
outFile2

"CowSRUsbiol BHE"
"CosSRUSsbioresult bmp"

ifstrean readFile{imageFile,
'readFile ) {cerr <<

if

readFile

readFile

readFile.
readFile.
readFile.
readbils.
readFile

readFile.
readFile.
readFile.
readFile.
readFile

readFile.
readFile.
readFile.
readFile.
readFile

readFile.

readFile.

readi

ios

reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast(
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast(
reinterpret_cast(
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<{
reinterpret_cast<(
reinterpret_cast<
reinterpret_cast<

reinterpret_cast<

readFile. close():

in|ios: :binary);”” readFile: an object of a class :ifstrean

"File for reading could not be opened. 1"

<¢ endl;e=xit{ 1 ):} ~~ end if

1

&filesize ), sizeof( filesize 10
1

1
1

char ® >{ &chl }.sizecf{ chl

char ® >{ &ch2 }).sizeof{ ch2

char = >

char * »{ &rsl ), sizecf{ rsl

char * »{ &rs2 ).sizecf{ rs2

char * »{ &ofb ).sizecf{ ofb

char * »( &size ). sizecf( size ).
char # »{ &width ) sizeof({ width }),
char * >{ &height ).=izecf( height )}
char * »{ &plan ).sizecf( plan )).
char # »{ &btpln ).sizecf( btpln )):
char * »( &comp ).sizecf( comp ).
char # »{ &szimg ). sizeoi{ szimg }).
char = >{ &bizpl ).sizeocf( bizpl )):
char * »{ &biypl ).sizeof( bivpl 1)
char * »{ &cu ).sizeof( cu

char * »( &cr ).sizecf( cr ).

char # »>{ &pall ). sizecf{ pall } }:
char * >{ &inimage ).=sizeof (inimage)

<< the input file iz read in a character array {inimage).

for{int i=0:ic<height;i++)

i

for{int j=0;j<width;j++)
1

imgprocess[i][i]= inimage [i][]]:

<4 the file iz read is in an integer array ( ingprocess).

Es

HXHEE

doualill aaungill

writelnageioutFiled);

i

writelnage{char *coutFile2)

ofstream out{outFileZ,

if

out

lemt ) feoerr <<

write(

reinterpret_cast<

iocs

outb .
out .
out .
out .
out .
out .
out
out .
out
out .
out
out .
out .
out .
out .
out
out .

out .

writel
write(
writef
write(
writef
write(
write
write(
write(
writef
write(
writef
writel
write
write(
write
write(

write{

reinterpret cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<
reinterpret_cast<

reinterpret_cast<

LYl

LEE R BE I B I O A B R N L

>(
>
>
>
>
>(
>
1
>
>(
>
(
>(
>
>
3
(
>

*

>

ES

binary) ;- outFile

&chl

Lin cdlyaeill Jlaa)

"File for writing could not be opened.1"

}.sizeof ( chl )):

an object of a class

&ch2 ) ,sizeof( chi

V.o streamn

P HEREHRXE

ofstreamn

<¢ endl:exit{ 1 ).} ## end 1if

Gfilesize ).sizeof( filesize il
i e

&rel ), =zizeof( rsl

&rs2 ). sizeci( rs2 )):
&ofb ), =izeci( ofb }):

kzize ), zizect( =size ).
Gwidth ), =sizeof({ width )):
&height ).sizecf{ height )):
&plan ).=sizeof( plan J);
&btpln ).=izecf{ btpln )}
&oonp ). =sizeocf( comp 1)
&szimg ).sizeof( szimg });
&bizpl ).sizeci( bixpl )):
&bivpl ).sizeof( bivpl )):

&ou ).sizeof( cu ))
&cr ) .sizecf( cr ))

tpall ), sizeof( pall ) J:

&inimage ).sizeof{ inimage ) ).~ strean

L@-’U\:@ bmp a1 o3 )}d\ 3;\}53 C++ dak @Uﬁ \—\Y Ji.ﬁ\
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#include<iostream.h> daall 5 e g Jabaill e g sl sl Sl i) Sy
zA s
void main()
s BT I RTR R PR |
{
0 4ief A manaa Jsaie o8 g pal
int a=5;
int b=23;
AB st pen milidclia
cout<<a+b;
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}
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3‘)}‘4}\ ;Uupelﬁéﬂ\cah)ﬂ\mam\;uujb =\

EJ}‘AJ\L}A‘\.LSJLJ}‘@A)A-Z

l@j.gjﬂ\&waujh?“ﬁ”h F A

il s 2T o N all ); -\ ; .
(Pixel) s pall ja o 40 BYTE/ pudll 138 p2s Bitmap Information

(Bits) il can -t (Piel) S5m0l ok - e hgftlen)
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Lo palic JalSs 4ladl) 5 ) suall 48 sins andll 138 ol g Bitmap Data

ocoY



\RERWARYAR s o Caigall Sl Y e el s Al geall Aalles

:Image_utility h i1 @by Cagpadt ¥—3 ¢
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Akl jpal) adlae ez Lo C2all gl 15 e bmp sliweY) wlb sl
ol )l e 2 Gills g el Lad) (3 slsysl el alipd) plasnaly

Creatm sl 5l Bgive) Saludl) el golip -
) 45 Bghan md ol s ey (height, width,
oW sleazat e Lolof stz g8 sheight x width 4z
.malloc.h w3 254 - malloc

Y Al Bshall il sdsn 5 freem 85I pou maliy -
c el izl Oledal Lgaldoszal n sLg¥l sy 35T e
Al 2841 0 free wld) sleazal e Lolul dozny 52
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9 53l Gl 313 pasn, :Readimage §ygall 8513 maliy v
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#include"imageutil.h™
bmp <l aa Jalaill e & g gusall ASall Cpanaiff

void main (void)

{
char *imageFile,*outFile2;
0583 Of Aandle ae Aadlaall any 5 ) guaall (335 Cile 5 saall 3 ) geall Cale slanl iy yo3 //
sl oAl laila g e ¢ 3 jaadll cala
imageFile = "c:\RWFile\P1PART.bmp";
outFile2 = "c:\\RWFile\\brightness.bmp";

M End of file name adjustment /11111111

image s_image;
5 seall 48 shian iy 23 //
s_image=readlmage(imageFile);
JMA\JAC}AE)M‘%ME;\}//

J] FFFFFFFFHE G Naall and dulay KRRk ko dk ok kkkok ok dekkeok

Int b_offset;
Cout<<"Insert a number between -128 ~ +128 ";
Cin>>b_offset; //seba¥) 8 7L 5V dad (o Jsaiall 138 my
for(i=1;i<height-1;i++)
for(int j=1;j<width-1;j++)
s_image[i][j]+=b_offset;
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/ *hkkkhkkkkhkk 2\.:5 2all 3 :QLG'J *hkhkkhkkhkhhkhkkhkhkhkhhhkhkhkhkhikk

cout<<"end proccessing....\n";
writelmage(outFile2, s_image);
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cﬁb}.U JA\Q\ JS..':J\
#include"imageutil.n"
void main (void)

{
char *imageFile,*outFile2;
imageFile = "c:\\RWFile\BARIUM1.bmp";
outFile2 = "c:\\RWFile\\blurring.bmp";
image s_image, t_image;
s_image =readlmage(imageFile);
t_image=creatm(height,width);

[] FFFFFFFFIE A llaall and d)ay FERIFIF A KKK A AR A ARk F Ak KAk

for(i=1;i<height-2;i++)
for(int j=1;j<width-2;j++)

int s=(s_image[i-1][j-1]+ s_image[i-
1][]+ s_image[i+1][j-1]+ s_image[i][j-
1]+ s_image[i][j]+ s_image[i][j+1]+
s_image[i+1][j-1]+ s_image[i+1][j]+
s_image[i+1][j+1])/9;
t_image[i][j] =s;
}

[] FFFFF KKK aéj\_,_d\ Y,_._,,g 2:,\_6_.

cout<<"end proccessing....\n";
writelmage(outFile2,t_image);
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#include"imageutil.h"
void main (void)

{
char *imageFile,*outFile2;
imageFile = "c:\\RWFile\BARIUM2.bmp";
outFile2 = "c:\\RWFile\\ isolatedpoint.omp™;

image s_image, t_image;

s_image =readlmage(imageFile);
t_image=creatm(height,width);

int w[3][3]={{1.1,1}{1,-8,1}{1,1,1}};

// *kkkkhkikkkikikk u\:.d\ ?’“‘5 :\-‘..\J-‘ *hkkkkhhkhkhhkhkhkihkhkkikhkikhkikiihkikix
for( int i=1;i<height-2;i++)
for(int j=1;j<width-2;j++)

{

int s=0;

for(int Xx=0;x<3;x++)

for(int y=0;y<3;y++)

s+=s_image[i+x-1][j+y-
1P*wIX]LyL;

t_image[i][j] =s;}

// *kkhkkkhkkkhkhkkikk :‘;“ 2 .“ 3 LL@—’ *hkhkkhkkkkikkikkhkhikhkhkhihkkihkkiikk
g ?‘“ﬂ =

cout<<"end proccessing....\n";
writelmage(outFile2,t_image);
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#include"imageutil.h™
void main (void)

{

char *imageFile,*outFile2;
imageFile = "c:\RWFile\BARIUM2.bmp";
outFile2 = "c:\RWFile\\ isolatedpoint.omp";

image s_image, t_image;

s_image =readlmage(imageFile);
t_image=creatm(height,width);

int w[3][3]={{1,1,1}{1,-8,1},{1,1,1}};

// *khkkhkkkkhkkkkikk A.L“.z.AM ?_mg 3_:3]_\4 *khkkhkkhkkhkkkhkhkhkhkhkhkkhkhkkhkhkhkkhkiikiik
for(int i=1;i<height-2;i++)
for(int j=1;j<width-2;j++){
int s=0;
for(int x=0;x<3;x++)
for(int y=0;y<3;y++)
s+=s_image[i+x-1][j+y-1]1*wW[Xx][y];
s=abs(s);
if(s>255) s=255;
t_imageli][j] =s;}

// *khkkhkkkhkiikkikkik Z\Aj PN ‘ "é %L@A kkkkkkhkkhkkhhkhhhhkhkikikkkkkkkhkikk

cout<<"end proccessing....\n";
writelmage(outFile2,t_image);
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#include"imageutil.h"

void main (void){

1 0 -1 -1 -2 -1

. 0 -2 0 0 0

1 0 -1 1 ) 1
c.obf.U J.A\Q\ JS.&J\
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char *imageFile,*outFile2;
imageFile = "c:\\RWFile\BARIUM2.bmp";
outFile2 = "c:\\RWFile\\ isolatedpoint.omp";

image s_image, t_image;

s_image =readlmage(imageFile);
t_image=creatm(height,width);
int wh[3][3]={{-1,-2,-1},{0,0,0},{1,2,1}};
int wv[3][3]={{-1,0,1},{-2,0,2},{-1,0,1}};

[ FFFFFFFFIFEE Gl (N_ug :*7!\3-.’ Fhkkhhkhkhhrkhhhrhrhrhrrhhiikx
for(int i=1;i<height-2;i++)
for(int j=1;j<width-2;j++){

int v=0;

int h=0;

for(int x=0;x<3;x++)
for(int y=0;y<3;y++)
{
v+=s_image[i+x-1][j+y-1]*wv[Xx][y];
h+=s_image[i+x-1][j+y-1]*wh[Xx][y];
}
h=abs(h);
v=abs(v);
int s=h+v;
if(s>255) s=255;
t_image[i][i] =s:}

// *hhhhkkkkk u ] 3 a""@" kkhkhkhkhhhhhkhkkkkhkhkhkhirhhhkdxkkk

cout<<"end proccessing....\n";
writelmage(outFile2,t_image);
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#include"imageutil.h™
void main (void){

char *imageFile,*outFile2;
imageFile = "c:\RWFile\P1PART.bmp";
outFile2 = "c:\\RWFile\\histogram.bmp";

image s_image;
s_image=readlmage(imageFile);

J] FFFFFFHFHE G Naall and Aoy KRRk gk ok dkdok ok kekkeok

int freq[256];// Ale A g IS STl e 2o Clual 48 shine
int newgscale[256];
float hist[256];
float cdf[256];
for(int i=0;i<256;i++)

freq[i]=0;

JAle y 4 g IS 1SSl pe 220 Gl

for(i=1;i<height-1;i++)

for(int j=1;j<width-1;j++)

++freq[s_image[i][j1];

float dim=(height+0.0)*(width+0.0);

() simgd)iadle ) 4 e JST AQlLaia ¥ ASUSY Clas
for(i=0;i<256;i++)

hist[i]=(freq[i]+0.0)/dim;

14
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cdf[0]=hist[0];
for(i=1;i<256;i++){
cdffi]=hist[i]+cdf[i-1];
newgscale[i]=cdf[i]*256;

S5 05 ) gl i L a5 Al iy el i

for( i=0;i<height;i++)
for(int j=0;j<width;j++)
s_imagel[i][j]=newgscale[s_image[i][j]];

J] FFRFAAIAFIIE Gl and dleh FERFRARIARAAAARIARAARAHIKAK
> "

cout<<"end proccessing....\n";
writelmage(outFile2,s_image);
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#include "imageutil.h"

#include<Math.h>

void main()

{
char *imageFile,*outFile;
imageFile = "C:\RWFileWBARIUM1.bmp";
outFile = "C:\\RWFile\\rotat.bmp";

ovy
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image s_image;

s_image=readlmage(imageFile);

image t_image=creatm(height,width);

cout<<" inter the angle between 0~359\n";

int n;

cin>>n;

float angle=float(n*3.14/180);

for(int ox=1;0x<height-2;0x++)

for(int oy=1;0y<width-2;0y-++)

int nx=0x*cos(angle )+oy*sin(angle);
int ny=-ox*sin(angle )+oy*cos(angle);

if(((nx>=0)&&(nx<height))&&((ny>=0)&&(ny<width)))
t_image[nx][ny]=s_image[ox][oy];
}

writelmage(outFile,t_image);
freem(s_image,height);
freem(t_image,height);

ovy
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#include "imageutil.h"
#include<Math.h>
void main() {

char *imageFile,*outFile;

imageFile = "C:\RWFileWBARIUM1.bmp";
outFile = "C:\\RWFile\\rotat.bmp";

image s_image;
s_image=readlmage(imageFile);

image t_image=creatm(height,width);
cout<<" inter the angle between 0~359\n";

ove
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intn;
cin>>n;
float angle=float(n*3.14/180);
I a5 gl 38 sal sigl) Jaal)
int ocx= height/2;
int ocy= width/2;

1] 53 2235 ) pucall 3 pal estigd) Jaal)

int ncx=ocx*cos(angle )+ocy*sin(angle );
int ncy=-ocx*sin(angle )+ocy*cos(angle );
1 525550) 3035 ) gl 38 yal (i) L 53Y)
int dcx=ncx-ocx;
int dcy=ncy-ocy;
for(int ox=1;0x<height-2;0x++)
for(int oy=1;0y<width-2;0y++){
Il 5938l 3233 5 gl L 50
int nx=ox*cos(angle )+oy*sin(angle)-ncx;
int ny=-ox*sin(angle )+oy*cos(angle)-ncy;

if(((nx>=0)&&(nx<height))&&((ny>=0)&&(ny<width)))
t_image[nx][ny]=s_image[ox][oy];
3

writelmage(outFile,t_image);
freem(s_image,height):
freem(t_image,height);
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Spatial image transformations
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Linear filtering  Lii ~s3 o
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JSa) g imread W s S0 ile e Speall SLd LY

[-imread(x1.bmp’); U

current Ji 3 s3e-skl X1.bmb 552l Slaglas 5c12 w31 1 sz,

535 workspace ) 3 W, S I @520 3 ¥, directory
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[-imread(‘d:\myimages\imag\x2.jpg’y;
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imfinfo 'Ctl.bmp'

ans =
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Filename: 'Ct1.bmp'
FileModDate: '"13-yv: 7:0¢ Yooy — paze!
FileSize: 220534
Format: 'bmp'
FormatVersion:  'Version 3  (Microsoft
Windows 3.x)'
Width: 573
Height: 381
BitDepth: 8
ColorType: 'indexed'
FormatSignature: 'BM'
NumColormapEntries: 256
Colormap: [256x3 double]
RedMask: []
GreenMask: |]
BlueMask: []
ImageDataOftset: 1078
BitmapHeaderSize: 40
NumPlanes: 1
CompressionType: 'none'
BitmapSize: 219456

HorzR esolution: 0
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VertR esolution: 0
NumColorsUsed: 256

NumImportantColors: 0
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0 & go)) g odsiinall Matlab ledas

[1=imread('p1part.bmp'y;// 5ypeall e 3e13
figure(1)//sauis Googu, dgarly clis]

imshowI1y// 5ysall el
tigure(2y// Bdydor s gany Agarly el
imhist(I1y// ieko¥) Byseall ol szadl el

[2-histeqI1y;// s> dbgizs 3 §ppeall Lais 5 o bgradl s

tigure3)// sydor dagry Bgorly el

imshow(12)// el sl g s B0l Leb)
tigure4// Bdador s gany dgarly cLiS)
imhist(12)// Jotadl s 8y9all o2 gl el

imwrite('eq.jpg)// Qo Cale (3 W) §ygall Lais
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el 31 Y dsdsune)t Matlab ol

[1=imread('barium.bmp'y;
H=[0-10;-15-1;0 -10];
[2-imfilterI1,H)y;

tigure(l)

imshow(I1)

tigure(2)

imshow(I2)

Bygeall B Dl 2iS F—v—y o

& Sl 0lesSS Glll asily Sobel s JWli s 3 gk
ok Lo Ol (sosmnlly B paldY)

1 2 1 -1 |0 1
0 0 0 -2 |0 2
-1 -2 | -1 -1 |0 1
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[-imread('barium.bmp'y;
H1-[-1-2-1;000;121];
H2-[-1.0-1%-202;-10-1};
[1=imfilterd,H1);
[2=imfilterI,H2);

[3=11+12;

imshow(I3)
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f=zeros22,30y;

£(10:12,10:20)=1;

imshow{ 'notruesize'y;
F=1ft2£,128,128);
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fftshi&(F); ,4‘5!* Sty du)sb J..j;- sS L
F-absfttshift(F)); V1 sisans a0 (Jlas) b olady
figure;mesh(Fy; 41 susced aomzdl LbY,
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figure;F=logF);
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S ap Jlan b ol g S8 e Jelatenl) b lisZ SLebYs
I=mat2grayF); P ) pasns Bl Slpe (S
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ke ST gV ks g
f=zeros(22,30);
£(10:12,10:20)=1;
F=1ft2£,128,128);
F=absfftshift Fy);
imshow(f, 'notruesize'y;
figure;mesh(F)
figure;F=logF);

I=mat2grayF);imshow(l);

b @32 b 350 e olidas Lo OV 3ot

'bartum1.bmp’
t= imread¢‘barium1.bmp’y;

imshowfy;
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S=abs(Fy;

mesh( Sy;

¥ 10

250
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Fc= fitshift(Fy;
S2=log(1+ abs(Fcy);

figure;mesh(S2)



\RARWARVAR s Cma Gadigaddl oAl ALY W jlela) g Akl ) peal) dallas
[=mat2grayS2y;

imshow();

sdn O 053 oy sl Sypeal s Jusd sy W) S2) Jo Jad
L Wy o smadl 13 aspldl e depr dotly ) O a2 e o dpend)
3322 |olds LY Lagan oo Oy sdns §50 2ol 13 850 Jgs

oM e

ot 5l aysd Jug Yo 0 IS



\RSRWARYAR s o Caigall Sl Y e el s Al geall Aalles

@353 Jodl 2 i ) sl r) JT 510

335 (2 3) Jebatens Aoy NxM Laslad 350 SO 0T L ST OF (2
o5 as st Oly V5 0 GBI 50l ()2 e Lk a1 (il
sly (M2, N/2y bzl we o o/l Jotun Craze (3 83le 455550
D:@wcw Dowww&w@}\cu»ﬂw\ﬁ
s 335" oda Dy sy D (U, V) = (U.2+V2)1/2 DAl
Ly 3370 mii)) ST LSy 537l (2l il oda ro LSS s M
bl gl Lot gy agygh Caclal Sl ASL e Juad ML sl

Sysall 3
et o 63370 W1 3 el Bdas oY plad) Labsnd) 0L Ls STy

ISl 3 bl QW Baoseal) Uy o5 (el il (3 Ly LSy 500

A=\ o



\EARWARIAR

Jhas e Gedigdl ) iSall 3G

La ekl 5 dpball ) puall dallas

Frequency domain filtering operation

Fourier
transform

Tilter
function
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| H(u,v)

Inverse
Fourier
transform

Pre-
processing
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Enhanced
image
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[m,n]=sizet);

u=0:m-1y;

v=0:n-1);

id=find(u>m/2);

uddy=uqdy-m;

id=tind(v>n/2y;

vddy=vdy-n;

[U,V]=meshgrid(u,vy;

D=sqrt(U."2+V."2y;

meshDy;

[m, n]=sized) aladl Lstal oy =l 50 a f 0l Cm
ey Wil cbyey i O day LY B VA-Yo SN G
SH IS olgbl & 8y sl S BLA Ll G5 1Yo IS
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H=Ipf(£,10,'btw",2y;
F-tt2f;

G=H.*F;
g=realdftt2(Gyy;
g-mat2gray(g);
figure

imshow(g);
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17 f=imread|'plpart.bmp') 2
2
= close all
4
5
& = H=lpf(f,80, 'bty',2):
T = F=ffc2 (L)
B = G=H.*F;
g — g=real (1fft2 (G} ) :
10 - g=matZgrav(g) :
11 - figure
12 = imshow (g)
13
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17

[F] function H=1pf (£,D0,types,n)

D=dfcd (£):
mesh (fftshift (D))
if nargin==3
n=1:
end
switch type
case 'ideal’
H=double (D<=D0) ;
case 'btu’
H=1./ (1+(D./DO) .~ (2%*n) ) :
case 'gus'
H=exp (—(D."2) ./ (2*({DD"2))):
end
figure
mesh (£Efcshift (H) )

- end

fx >> |
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[l funetion [D]=dfcd(f)

1

2 = [n,m]=size(f);

3 = u=0: (m-1);

q4 = v=0: {n-1);

W= id=find(u>m/2);
&= ufid)=u(id)-m;

= id=find(v>n/2);

B = viid)=v(id)=-n;

8 - [U,V]=meshgrid(u,v):
10 ~ D=sgrc (U.~2+4V."2);
11 = end
12
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File Edt Debug Parslel Desktop Window Help
DS £ MR 9 ¢ B[ @ curembeectory
© Shorteuts (£] How to Add (8] What's New

w0 x|

EEE =

2

3-  gmimresa( piparc.bmp');
4

5

&-  E=1-1pr(f,50,'bru’,2);
7= mesh(ffrshifc(H))

8

9= retrean;
10-  GeH.*F:
1= gereal(ifft2(6));
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Title: RAISING THE PERFORMANCE OF AUTOMATIC SIGNATURE VERIFICATION OVER THAT OBTAINABLE BY USING THE BEST FEATURE SET
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Abstract: For decades, published works on Automatic Signature Verification (ASY) that use threshold-based decision, depended on using one feature set for
verification. Some researchers selected this feature set based on their experience, and others selected it using some feature selection algorithms that
can select the best feature set (gives the highest performance). In practical systems, the signature data could be noisy, and recognition of the check
writer in multi-signatory accounts is required. Due to the error caused by such requirements and data quality, improving the performance becomes a
necessity. In this paper, 3 new technique for ASV decision making use of Multi-Sets of Featurss (MSF) is introduced. The new technique and its
motivation are explained, and a precise svaluation of its efficiency is made. The experimental results have shown that the new technique gives
important improvement in forgery detection and in the overall performance. This technique which was developed within an integrated plan of building =
commercial offline ASV system to work in the actual USA banks environment was tested during the prototyping pericd with about 1000 signature
samples, and has already been in use for years as a component of a cooperative decision making ASV system that tests ever a million check signature
every day without any false acceptance (False Acceptance = 0).
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Dear Maan Ammar,
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“Raising the Performance of Automatic Signature Verification
Over That Obtainable By Using the Best Feature Set ”
published in IJPRAIVol.25(2),

and know that you are an expert in the area of machine
learning and its applications.

This mail is to kindly invite you to contribute a submission
to a new

Springer journal: Machine Learning and Cybernetics (IJMLC).
I am the Editor-in-chief of this journal.

The recent issue and more information about this journal can
be found below.

If you are ready to submit a new manuscript, please click
https://www.editorialmanager.com/jmlc

Editor-in-Chief: Xi-Zhao Wang

ISSN: 1868-8071 (print version)

ISSN: 1868-808X (electronic version)

Journal no. 13042

Free online access:
http://www.springer.com/engineering/mathematical/journal /13042
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Dear MAAN AMMAR,

This is Sci g(SAP: http://www.sapub.org), USA. Nice to get your information
from the journal International Journal of Pattern Recognition and Artificial Intelligence (ijprai)
and also happy to pass on our regards to you from the editorial department of SAP.

We'vea finished reading the abstract of your paper RAISING THE PERFORMANCE OF AUTOMATIC
SIGNATURE VERIFICATION OVER THAT OBTAINABLE BY USING THE BEST FEATURE SET and
expect that you could submit the latest academic and research achievements in this fizld to our
journals through the online submission system (htto://www.manuscriptsystam.com). All manuscripts
submitted will be considered for publication.

SAP provides the following services:

Journal services. SAP publishes more than 120 open-access academic journals covering a wide
range of disciplines. http://www.sapub.ora/journal/alljournalslist.aspx

2. Conference services. SAP provides the services on publishing high quality conference
procezdings. The selectad papars which are extended can also be published in our journals.
Conference proceadings enables fast dissemination so conference delegates can publish their
papers in SAP, which will then be made freely available worldwide. For more information, please
visit: hittp://www.sapub.org/journal/conferences.aspx

Book services, Our publishing business also includas book publishing., We have recaived mare
than 20 bock manuscripts in the last six months.

Best Regards,

Charles Duke

Editorial Department

Scizntific & Acadzamic Publishing, USA
http:// www.sapub.or

Email: submission@sapub.org
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Off-line Signature Verification by

Matching with a 3D Reference Knowledge [t
Image — From Research to Actual e Lo
Application
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» Look Inside » Get Access .
Other actions

Abstl‘act Export citations

This chapter introduces a method for off-line verification of signatures. The method can be used to
verify signatures and detect skilled forgeries with outstanding performance. It is based on matching
the questioned signature with a 3D reference knowledge image (RKI) using ammar matching
technique (AMT). The AMT which was developed and medified through years (1989 — 2010) is
infroduced in detail, and the 3D RKI derived from the methodology of the forensic document
examiner (FDE) of working is elaborated. The features extracted using the new knowledge
representation method and the AMT has been found to be highly effective in signature verification,
and distinctly outperform the classical features like slants, baseline, and contour based ones on the
data used. Experimental results of using RKls built from binary, high pressure, and thinned images for

foatura inn and verificatinn ars alen nrecented and di d
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Pattern Recognition, Maching Intelligence and Biometrics
2014, pp 797-821

Using Multisets of Features and
Interactive Feature Selection to Get Best
Qualitative Performance for Automatic
Signature Verification

WALEes

Maan Ammar

» Look Inside @ » Get Access

Other actions

AbStraCt » Export citations
Traditionally, Automatic Signature Verification (45V) that uses threshold-based decision, depends on » About this Book
=

using one feature set for verification. Recently, the Multi-Sets of Features (MSF) approach has been
proposed in the field of ASV to get higher performance than that obtained by the best feature set.
This chapter reports the results obtained by using the MSF technique in case of using large number
of feature sets. It introduces also the concept of qualitative performance in ASV and using Interactive
Feature Selection to evaluate it

vy



AR RWARVAR Jhee e Gedigadl Al AELY) e ledal s Ankall | seall dallas

:HEP (b Alaal

Eelbies7, TARRETT, $%0, ERETIASE QQI790062161

Using Multisets of Features and Interactive Feature Selection to Get Best Qualitative
Performance for Automatic Signature Verification

Trrase w2048 kB) #Ra 28

Traditionally, Automatic Signature Verification (ASY) that uses threshold-based decision, depends
on using ene feature set for verification. Recently, the Multi-Sets of Features (MSF) appreach has
been proposed in the field of ASV to get higher perfermance than that obtained by the best

Apstract: feature set. This chapter reports the results obtained by using the MSF technigue in case of using
large number of feature sets. It introduces also the concept of qualitative performance in ASV and
using Interactive Feature Selection to evaluate it.

Author: Maan Ammar

Year:
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Verification from Research to
WEE" Commercial Application: Expcﬁm of 25 years

N Prof. Maan Ammar
(Biomediical Engineering Department
' Damascus Um'vers/fy Syf'ia)

R *aﬁ
:manemﬁbm)

usuummummmmmwumwbprﬂ-wusw
institutions lose over 10 billion dollars a year to check frouds. Banks can only verify less
than 10% of all checks paid out. Banks and businesses started in the 1990s to
interchange check images in an Interbank Check Imaging (ICT) open environment. As a
result, Automatic Signature Verification (ASV) became a necessity. This reality will be
briefly highlighted in the lecture.

ASV research works started in the world in carly seventies(1970s), and occelerated in
cighties(1980s) on. Among them one started at Nagoya University, Fukumura-Yoshida
Lab (1983-1989), continved ond prototyped in Syria (1990-1995), Internationally
further developed (1998-0n), patented in the USA (1999-2002), commercialized in the
USA as “cBank™Discovery® software product for signature and check verification to
some famous banks in New York in 2002, and spread clliover the USA and some other
countries from 2003. The lecture will cover the whole story including the difference
between requirements of ASV development in different environments: research, field-
test (prototype). and in actual I-C-I environment.

Illlg

Financing is critical at cach stoge of development. Venture capital issue for researchers
having only knowledge will be highlighted. Further, the lecture will talk about the
. Developer-Financer-Marketer triangle, ifs importance and mplications.

For such complicated system, coopergtion is necessary. The colioboration and
coordination between international research groups (SYRIA, 6ERMANY, and USA) in

H I sector for producing ond finglizing o software product (the
. eBank ) using the Internet will be highlighted in the light of the Discovery
‘?2;%“ : experience.

Finally, After 25 years of rescarch and application, further improvement is still desired.
. In this regord. the new rescarch being done by professor Ammar during his sabbatical
iod at Watancbe Lab on using multisets of features, 3-D Knowicdge Reference

. and Ammar Matching Technique (AMT) to improve the performance of the ASV
process further will be bricfly covered.
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Fig. 1 A part of the article appeared in the famous

“mainichi” newspaper.

IMIANAITN AIMIMUATR IS NIsSWwWsS 2 Q

A new computational system which detects false signatures once and for
all, irrespective of the quality of the writing material used, was developed
by a research group from the Department of Information System Engineering of
Nagoya University.

This research group Their system obtained, then, a
consists of Prof. Yoshida (46 rate of 91% of right answer in
years old) and Maan Ammar (35 testing the authenticity.
years old), ~ a__ Syrian An equipment which identifies

" postgraduate _  student, both the genuinity of signatures has
specializing in the same course been developed by a specialized
of study - Information System company, and is already about to
Engineering. be put in practical use. The
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INTERNATIONAL ACADEMIC SERVICES
P.O. Box 43364

Louisville, KY 40243-43364, US.A.
o (502) 244-0816

T
\&-

It has been brought to our attention that your recent research results have
been published in technical literature read worldwide. Con atulations on such
a remarkable accomplishment! INTERNATIONAL ACADEMIC SERVICES
takes great pleasure in selecting you from among many distinguished scientists
working in your field.

Déar Sir, September 13, 1989

Whilst we applaud your successful attempt to push forward the frontiers of
technology, we also wish to bring to your attention the fact that you may have
an excellent chance to further your professional career in a new and
rhallonging environment. Faenlty varaneiag in the TInited States naw stand at
8.5 percent and in the faster growing areas such as science and engineering
they have reached a rate of 22 percent.

LY I 8 Gyl 5 Canl) 3 Gl 5 e all 5 Eualall ol JaiY Adigal) A0y (e 6 3
A e A 5all ApaplSY1 lardl) Aalaie (e A e cale Y AAG A 5aY) sasdl)

TAE



\ERRWARVAR s O Gadigadl oAl 3ELY) W jlela) g Akl ) geal) dallag

\

b, &y

y

4

¥, .

3

a

.

i S
=

&

A
\

=X . ‘
A .

Lalaia 3 ) )5y ol & ) 590 8 4 el Jlai 2ie V494 /Y)Y &

e Coall 8 ikl ol jaigall [ scan g Ayl sall dpaalSY) il
£l 173l pdn S B L) A Cany SY i il Ll
(A4S a g Bira By cilS g o) gl pUaS py oha

TAe



AR RWARVAR Jhee e Gedigadl Al AELY) e ledal s Ankall | seall dallas

Va4, aJL))S\W_MM\SJM‘@}@\AAL“)Q\MU}SL&

V390l i el Jeide Qe cpallall 5 ladll o e e

TAT



\EARWARVAR s e uaigddl ) giall ALY

L jleda) 5 dudall ) peall dallas

American Board of Forensic Examiners
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American Board of Forensic
Handwriting Analysts

This is to certify that

Maan Ammar Ph.D

Member

and is entitled to all the Rights, Benefits and
Privileges afforded to a member of the

ABFHA
who remains in good standing.
7?.,5_ U

Chairman ofg#he Board

03
Membership Number
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SIGVA 1.0

SIGnature Vernification and Analysis Software (SIGWV

A breakthrough in PC Applications

\
b

i

SIGVA is a breakthroush in PC
applications. It fully automates the process
of venfication of signatures on checks and
documents using IBM PC compatible
machines. It 1= able to detect forged
signatures mcluding skilled ones wililst
accept genumnes with considerable natural
wvarations. 3IGVA deals efficiently with
signatures written in any language (English,

Arabic, etc.).
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a2 United States Patent

Ammar
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US006424728B1
(10) Patent No.: US 6,424,728 B1
@5) Date of Patent: Jul. 23, 2002

(54) METHOD AND APPARATUS FOR
VERIFICATION OF SIGNATURES

(76) Inventor: Maan Ammar, P.O. Box 10650,
Damascus (SY)

(*) Notice:  Subject to any disclaimer, the term of this
patent is extended or adjusted under 35

U.S.C. 154(b) by 0 days.

(21) Appl. No.: 09/453,730

(22) Filed: Dec. 2, 1999

(51) Int.CL7 GO6K 9/00

(52) US.CL 382/119

(58) Field of Search .. ... 382/116, 119-123,
382/17 , 206, 195, 216, 218;

340/5.52, 5.53, 5.81-5.83; 356/71; 902/3-6;
434/155; 348/161

(56) References Cited
U.S. PATENT DOCUMENTS
4,028,674 A 6/1977 Chuang 340/146.3 SY
5,042,073 A * 8/1991 Collet et al. . 38273
5.251,265 A 10/1993 Dohle et al. 382/3

5559.895 A 9/1996 lLeeetal. ..

OTHER PUBLICATIONS

Comp Recog and Human Production of Handwrit-
ing; Maan Ammar, Yuuji Yoshida and Teruo Fukumur.
World Scientific Publ. Co., 1989, pp. 61-76.

Mainichi; Nagoya University Foreign Student Association
Jun. 1989.

Ly

Presentation titled: Portable Software for Signature Verifi-
cation and Analysis (SIGVA 1.0), Usable With IBM-PC
Compatible Machines by Maan Ammar, Mohammed Aita,
Basil Younaki and Bassam Takwa at Basic and Applied
Issues in Handwriting and Drawing Research Conference.
University of Western Ontario London, Ontario, Canada
Aug. 6-10, 1995.

International Journal of pattern Recognition and Artificial
Intelligence “Progress in Verification of Skillfully Simulated
Handwritten Signatures”™ Maan Ammar. World Scientific
Publ. Co., 1991, vol. 5, No. 1 & 2, pp. 337-351.

* cited by examiner

Primary Examiner—_co Boudreau
Assistant Examiner—Brian P. Werner
(74) Attorney, Agent, or Firm—Handal & Morofsky

(57) ABSTRACT

An automatic signature verification system is set forth that
utilizes a main routine for comparing signatures using
forensic hand writing methodology. A secondary program is
used to modify the algorithms used by the main program for
making adjustments thereto based on either additional data
consisting of a plurality of genuine or authenticated signa-
tures or changes in a persons signature due to aging or some
other physical change resulting in a change in signature
features. Over seventy thousand signatures can be verified in
one hour using a single personal computer. In addition,
authentic signature data having a resolution as low as 80 dpi
can be used.

24 Claims, 6 Drawing Sheets
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(W0/2001/041051) METHOD AND APPARATUS FOR VERIFICATION OF
SIGNATURES

Biblio. Data Description Claims Mational Phase Motices Documents

Latest bibliographic data on file with the International Bureau &2
Pub. No.: Woi2001/041051 International Application No.: PCT/US52000/032885
Publication Date: 07.06.2001 International Filing Date: 04.12.2000

Chapter 2 Demand Filed: 02.07.2001

IPC: GOBK 9/00(2006.01)

Applicants:  KETEL, LLC [US/US], 180 West End Avenue, 10D, New York, NY 10023 (US) (A Except US)
AMMAR, Maan [SYISY]; (SY) (LS Oyl

Inventor: AMMAR, Maan; (SY).

Agent: HANDAL, Anthony, H., Handal & Morofsky, 80 Washington Street, Norwalk, CT 06854 (LUS).
Priority Data: 09/453730 02121999 US
Title: METHOD AMD APPARATUS FOR VERIFICATION OF SIGNATURES

Abstract: An automnatic signature verification system (10) is set forth that
utilizes a main routine (12) for comparing signatures using forensic
hand writing methodology. A secondary program (14) is used to
rmadify the algorithms used by the main program (12) for making
adjustments thereto based on either additional data consisting of a
plurality of genuine or authenticated signatures or changes in a
person’s signature due to aging or some other physical change
resulting in a change in signature features. Over seventy thousand
signatures can be verified in one hour using a single personal
computer. In addition, authentic signature data having a resolution
as low as 80dpi can be used.

Designated AE, AG, AL, AM, AT, AU, AZ, BA, BB, BG, BR, BY, BZ, CA, CH, CN, CR, CU, CZ, DE, DK, DM, DZ, EE,
States: ES, FI, GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE, KG, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NO, NZ, PL, PT, RO, RU, SD, SE, SG, SI, SK, 8L, TJ, TM, TR, TT,
TZ, UA, UG, US, UZ VN, YU, ZA ZW.
African Regional Intellectual Property Org. (ARIPO) (GH, GM, KE, LS, MW, MZ, SO, SL, 8Z, TZ, UG, ZW)
Eurasian Patent Organization (EAFO) (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM)
European Patent Office (EPD) (AT, BE, CH, CY, DE, DK, ES, FI, FR, GB, GR, IE, IT, LU, MC, ML, PT,
SE, TR)
African Intellectual Property Organization (OAPI) (BF, BJ, CF, CG, Cl, CM, GA, GN, GW, ML, MR, NE,
SN, TD, TG).

Publication Language: English (EMN)
Filing Language: English (EN}

International patent of the ASV system.
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Signature Verification, from Research
to Commercial Application

- SBEAFAFSERNFATNSOERS

Signature Verification from Research to
~ = Commercial Application: Experience of 25 years
hwﬁAhmnAmﬁm;‘ N Ve
(Biomedical Engineering Department
. Damascus University, Syria)

885 : 2010528198 (&) 15:30-17:00
T B B RAFIBBEFEREPHOLERS
(RRIBFBTHTIFETY)

US businesses and houscholds write over 60 billion checks per year. and US financial
— institutions losc over 10 billion dollars a year to check frouds. Banks can only verify less

thon 10% of all checks paid out. Banks ond businesses storted in the 1990s to
interchange check images in an Interbank Check Imaging (ICT) open cnvironment. As a
result, Automatic Signature Verification (ASV) became ¢ necessity. This reality will be
brictly highlighted in the lecture.

ASV research works started in the world in carly seventies(1970s). and accelerated in
cightics(1980s) on. Among them ore started at Nagoya University, Fukumure-Yoshida
Lab (1983-1989), continued and protof in Syria (1990-1995), Internationally
further developed (1998-o0n), patented in the USA (1999-2002), commercialized in the
USA as “cBank™Discovery™ software product for signature and check verification to
some famous banks in New York in 2002, and spread cllover the USA and some other
countries from 2003. The lecture will cover the whole story including the difference
between requirements of ASV development in different cnvironments: research, field-
test (prototype). and in actual I-C-I environment.

Financing is critical at cach stage of development. Venture capital issue for rescarchers
only knowledge will be highlighted. Further, the lecture will talk about the
Financer-Marketer triangle, its importance and implications.

For such complicated system, cooperation is necessary. The collsboration and
coordingtion between international research groups (SYRIA, GERMANY, and USA) in

the ivate sector for producing ond finglizing o software product (the
©Bank™Discovery) using the Internet will be highlighted in the light of the Discovery
developing experience.

Finally, After 25 years of research and application, further improvement is still desired.
In this regard, the new research being done by professor Ammar during his sabbatical
period ot Watanabe Lob on using multiscts of features, 3-D Knowledge Reference
Image. and Ammar Matching Technique (AMT) to improve the performance of the ASV
process further will be bricfly covered
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NSV Our Produoct Our Customers Testimonizls About Us Contact

About ASV

ASV was foundad in 1998 throngh the collaboration of 3am Koo, 2n experienced
entrepreneur in banking software technology, and Maan Ammar, a professor and
innavator of information computing systems.

Based on Dr. Ammar's 2lgorithm for signatre verification, ASV earned its first
T.5. Patent in 1908, and the next year, the company introdueed its check frand
prevention software, eEank™DISCOVERY, to the banking market. A5V
snccessfully installed its first system in 2000 at City IMational Bank in Los Angeles,
who anticipated over $100,000 anoually in savings, as a result. Under Mr. Koo's
leadership, the company flonrished, signing on seventy additionzl banks in the
first several years.

Since then, A5V has sought tireleszly to realize its mission — the total
elimination of check frand — through the continnal improvement of
eEank™DISCOVERY.

In addition to its preducts, ASV seeks to counter check frand at 2 enltmral level, by
giving educational presentations and sponsoring risk and frand management
conferences.

Our Approach

Instezd of rezcting to existing types of frand, ASV anticipates new types and
devises methods to prevent them, introducing new features every year to enhance
eBank™DISCOVERY s capabilities. Unlike any other vendor's software, ASV's
system is built om its own resezrch and techneology. It is not 2 mixtora of
third-party solntions that risk being incompatible or ont-of-date with each other.
eEank™DISCOVERY is a complete system developed synergistically for the best
results.

With bank reports pointing to increases in check frand amonnts every year, A5V is
as committed as ever to providing accnrate, reliable, and affordable frand
prevention to financial institutions everywhera.

Our Company

ASV is led by 3am Koo, Managing Director. Onr staif inclndes teams for Sales,
Research and Development, and Sopport. We have offices in Mew York, Genmany,
and the Middle East The company is overseen by a board of four members, who
collectively represent over 100 years of business experience.
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ASV  OurProduct  OurCustomers  Testimonials  AboutUs  Contact

Our Customers

At ASV, we are dedicated to you, our customers, and kmow that you, in turn, are Compared to all the

dedicated to yours. That is why we are committed to providing excellent software -
inine. cient su and quali You trust us with the p o of vendors we work w;th, yozﬁ
your customers’ accounts, and we strive to deliver on that promise everyday. (Tre MUMBbEer one:
— Royal Bank of America

Read more testimonials »

Our Client Base

Our clients are banks, thrifts, credit unions, and other financial institutions located
all across the U.S. They range from small community banks to larger multi-state
operations. We work with them directly or through distributors. We are also
developing parinerships with banks overseas.

If you are interested in using any of our eBank products for vour bank or client
banks, please contaet our sales team.

Contact Us
Copyright © 2018 ASV Technalogies. All Rights Reserved.
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