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ABCTPAKT
B Ta3u Hy6J'II/IKaI_II/I$I € JECMOHCTPHUPAHO KaK TCXHHUKATa KpOC Kopeaalnusa MOXKE Aa CC U3II0JI3Ba
34 pa3no3HaBaHC HAa CMMBOJIM WU KOHBCPTHPAHC Ha I/I306pa)KeHI/I$ITa B TCKCT. HpeILCTaBeH c
JEMOHCTPAIIMOHEH €KCIICPUMEHT HamucaH Ha e3uka C# paspaboren mocpeactsom Microsoft
Visual Studio.

OCHOBHM NPUHIIUIIN HA OBPABOTKA IIPU CUCTEMUTE 3A OIITUYHO
PA3IIO3HABAHE HA CUMBOJIA
Bcenuku crcteMu 3a ONTUYHO pa3llO3HABaHE HA CHMBOJIM M KOHBEPTHPAHE HA U300paKCHHE B
TEKCT, BKJIFOUBAT CJICTHUTE 0a30BM OCHOBHU IPHHIUIIN IIpH 00paboTkaTra Ha n300paKeHUETO,
KOETO cJie/iBa Ja Obie pa3lo3HATO B TEKCT:

e [IpunoObuBaHe Ha U300paKECHHE;

e IIpenBapurenna oOpaboTKa,

e (CermeHTupase;

e Pasmo3HaBaHe Ha CUMBOJIUTE.

PA3IIO3HABAHE HA CUMBOJIM C TIOMOIITA HA KOPEJIALIUA

Kopenanusra e TeXHUKa 332 ChBIAJICHUE HA CUTHAIU. Ta3u TEXHHKA € W3KIIOYHUTEITHO BayKCH
KOMIIOHEHT IpH nu¢poBaTa 06paboTka Ha curHanu. Ts yecTo ce u3nosssa mpu 0opaboTka Ha
CUTHAJM 3a aHAIM3MpaHe Ha (YHKIMHM WM CEPUH OT CTOWHOCTH, KAaTO HANpUMEp BpeMe
4ecTOTHM curHainu. Kopenanusi e mmojes3Ha, 3amloTO TS MOXKE Ja IOKas3Ba IpPEACKa3yeMH
OTHOILEHMSI, KOUTO MOTaT Jla ObAaT U3MOJI3BaHU B IIPAKTHUKATA.

Kpoc kopenanusara € cTraHIapTeH METOJ 3a OIIEHKa Ha CTENEeHTa, B KOATO JIBE CEPUU CHU
cboTBeTcTBaT. [la B3eMeM 3a mpumep aBe cepuu X(1) u y(i), kpaero 1 =0, 1, 2 ... N-1. Kpoc
KOpeJauusTa r Ipu 3aKbCHEeHue d ce onpenens KaTto u3pas:

2 [r(i) - mx) * (yli-d) - my) |
1

= 1
jZ (i) - mx)” jZ (yli-d) - my) © @
1 1

KBJIETO MX ¥ MYy ca OCPEIHEHUTE CTOMHOCTHU 3a ChOTBETHATA cepusi. AKO MO-TOPHUST U3pa3
ce u34yuciau 3a Bcuuku 3akbcHeHus d = 0, 1, 2, ... N-1, ToraBa moysy4eHusIT u3pa3z € Kpoc
KOopenaius, ¢ bJDKUHA JIBa TbTH OPUTHHATHUTE CEPUU.

2 [ x(i) - mxd * (yli-dd - my) |
1

F(d) = (2)
j; (1) - mx)° f; (yli-d) - my)

BbopochT KakBo Aa ce MpaBH, KOTaTo MHJIEKCHT B CEpUATA € MO-Majko OT 0 WiM Mo-rojsm
WK paBeH Ha Opost Ha Toukute. (i-d < 0 wim i-d >= N). Haii-yecto cpemianure moaxoau B
TE3U CIlyyaH ca WM JIa UTHOpUpPaMe T€3M TOUKH WJIH J1a IPUEMeM, Ye CEpUHTE X U Yy Ca paBHH
Ha Hyna 3a | < 0 u i >= N. B MHOro npuiioxkenusi 3a nuppoa oOpabOTKa Ha CUTHAIH, CE
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npueMa, 4e CEpPUUTEe ca TMEPUOJWYHU, W B TO3M CIAy4all WMHIEKCHTE H3BBH 00XBaTa ca
"omakoBauu" B 00xBat, a uMeHHO: X(-1) = X(N-1), X(N+5) = X(5) u T.H.

OOXBaThT OT 3aKbCHEHHs O M MO TO3M HAYMH IbJDKHHATA HA KPOC KOpEIAllMOHHATA Cepus
MoXxe Ja Objie mo-mMaika ot N, HanmpuMmep 3a Jia ce MPOBEpH ChOTBETCTBUETO CAMO Ha KPaTKU
3aKbCHEHUsI. 3HAMEHATEs B M3pa3a Mo-rope CIAYXH 3a HOpMaJIH3HpaHe Ha KOPEIalnOHHUTE
koeduimeHTH, Taka ue -1 <= r(d) <= 1, rpaHuIM MOKa3BaIlkl MaKCHMMaJHaTa KOpeJamus H
Hy/Ta TMoKa3Ballla, ue HsAMa Kopejauus. Bucoka oTpuilaTesHa KOpesalus MOKa3Ba BHCOKA
KOpeJalus, Ho B 00paTHara Iocoka 3a eJiHa OT CepUHTE.

MakcumanHata Kopenaiusi ce IOCTHra, KaTo ce€ WMarT MNPEIBUI TOPHUTE H3pasd, upes
IUTh3TaHEe Ha BTOpATa Cepus JaHHHM NOKpail mbpBaTa, MPH BCIKO M3MECTBAHE CE M3YMCIISIBA
cymara Ha HoBata monpeaba B cepuute. Tasu cyma mie ObJe Hail-ronsMa, KOrarto
M3MECTBAHETO € TaKOBa, Y€ CTPYKTypaTa Ha JBETE€ CEpPUM ChBIaaa. ToBa IO CHIIECTBO €
ChlllaTa TMpOIEaypa Karo KOHBOJIOIMATA, C HW3KIYEHHE HAa HOPMAJIM3UPAHETO B
3HaMeHaTeJIsl.

CTDBIIKH HA AJITOPUTBHBM 3A PA3IIO3ZHABAHE HA CUMBOJIU BABSUPAH HA
KPOC KOPEJAIUA
B cucremure 3a pasmno3HaBaHE Ha CHMBOJIM, BCEKH CHMBOJI MOXKE Jla C€ CUMTa KaTo
M300paXeHNEe M CIICOBATETHO MOXE Ja Ce Tpuiiara JBY-IMMEHCHOHHA Kopeiamus 3a
pasno3HaBaHeTo Ha cuMBoJia. [Ipeau na 3amouyHe CHIIMHCKHUAT MPOIEC HA pas3lo3HaBaHE HA
CUMBOJIUTE B JIaJieH JOKYMEHT, TOW TpsiOBa Ja MUHE Tpe3 HAKOW IMPEIBAPUTEIIHU €Talu Ha
00paboTKa, KbJIETO M300paKCHUETO ACHCTBUTEIHO TPsIOBa 1a Obe nmpepaboTeHo Taka, 4e Ja
MOJKe Ja ObJIe U3MOI3BaHO 32 Pa3II03HABAHE HA CHMBOJIH.
[Iporeca Ha pa3mo3HaBaHE HA CUMBOJIM C€ M3BBPIIBA Ha HAKOJKO €Tara, KaTo CTHIIKUTE Ha
QJITOPUTHMA 3a pa3llo3HaBaHE HAa CHMBOJIHM 0a3upaH Ha KPOC KOpEaIus ca:

e [IpunobuBane Ha U300pakeHUe;
IIpensaputenna o6paboTka Ha U300paKEHUETO;
CermeHTHpaHe;
W3BnmyaHe Ha CUMBOIT,
Pasmo3naBamne.

MPOI'PAMHA PEAJIM3AILINSI HA TEXHUKATA 3A PABIIO3HABAHE HA
CUMBOJIU BABUPAH HA KPOC KOPEJIALIUSA

B mpemnoxenara peanuszanus Ha TEXHHKa 3a pa3lo3HaBaHE HA CUMBOJIM Oa3upaH Ha KpOC
KOpeJanus ce CIIeABAT MPEUIOKEHUTE MO-TOpe CTHIIKM Ha ajNrOpuThMa 3a pa3lo3HaBaHE Ha
cumBoiy. [Ipu erana Ha npenBapuTenHa 00pabOTKa Ha H300PAKEHUETO, C 11T U3YHCTBAHE Ha
nebextu (ranpumep: npu uznonzeane Ha JPEG uzobpasicenue u xomnpecus c 3a2yoa Ha
Kayecmeo), To OMBa MpeoOpa3yBaHO B MOHOXPOMHO H300paxenue (2 6uma), KOETO U3UMUCTBA
CBEHTYAIIHUTE MHUKCETU3UpaHus U AedekTH B u300paxeHueto. [Ipu eTama Ha cerMeHTHpaHe
n300pakeHUeTo ce paszens Ha penose. [Ipu erama Ha W3BIMYaHE HA CUMBOJI OT PEIOBETE CE
U3BJIMYAT HM300paKEHHATA HA BCEKM CHMBOJ B TEKCTa M C€ ChXPAHSIBAT OTHOBO KaTO
M300pakeHHsL.

[lpu erama Ha pasmo3HaBaHE Ha CHMBOJIUTE 3a BCEKM CHMBOJI Ha CETMEHTHPAHOTO
n300pakeHUe ce U3TOTBAT MOPEIHIA OT CEPHU N300paKeHUs 3a BCHUKH OykBH A .. Z M a .. Z,
KOUTO C€ cpaBHABAT chC cuMBoiia. M30upa ce Ta3u OykBa OT a30ykaTa, KOSITO ChOTBETCTBA Ha
MaKCHMaJlHaTa KOopeJalusi Ha M3TOTBEHHUTE cepuH. lIpennonokeHHeTo, ye MaKCHMalHaTa
KOpeJanus J1aBa B pe3yiTaT MaKCHMaJHaTa BEPOATHOCT IOIydeHara OyKBa Jia € ThpPCCHHUs
CHMBOJI, CE OKa3Ba BAPHO M € BUJIHO Ha paOOTHHSI €KpaH Ha MPOTrPaMHUs MPOIYKT Ha Dwur. 1.
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// Step 1: Image Acquisition & Preprocessing

5} private void loadImageFromToolStripMenultem_Click(object sender,

{

// (A) Image Acquisition

(8 x|
Quick Launch (Ctrl+Q) yel
noeo| [ % [ n
~ ©, characterRecognitionToolStripMenultem_Click(object sender, EventArgs €) -
S
+

s e)

if (openFileDialogl.ShowDialog() == DialogResult.OK) pictureBoxl.load(openfileDialogl.FileName);

Optical Character Recognition System 1.0 B

// (B) Preprocessing

Image source = pictureBoxl.Image; // Image
// width & Height

int w = pictureBox1.Width;

int h = pictureBoxl.Height;

// Prepare Image: Monochrome

Bitmap newBitmap = new Bitmap(w, h); // Create a

string tempFile = "temporary.bmp”;

source.Save(tempFile, System.Drawing.Imaging.Ima

try

{
// Use GDI LoadImage to load bits
IntPtr hBitmap = LoadImage(Int

DeleteObject(hBitmap); // cleaning up
System.10.File.Delete(tempFile);

catch (Exception err)

p from the

Zero, temp 3. Segmentation

pictureBoxl.Image = Image.FromHbitmap(hBitma

Image Acquisition and Character

=1olx|

SaveText Exit

Steps in Character Recognition

Steps in Character Recognition

The general steps that are involved in character recogntion systems are:
1. Image acquistion

> "

The general steps that are involve

recognition systems are:

5 .
4. Character recognition

[Character recognition using correlation

1. Tmage acquisition

2. Preprocessing

4. Character recognition

{Corelation is a signal g technique. It is an important componert in
(digital communication system. I is often used in signal processing for analyzing
ffunctions or series of values, such as time domain signals. A comelation is
juseful because it can indicate a predictive relationship that can be exploited in
lpractice. In this chapter, character recognition using comelation method is
lexplained.

Implementation of cross comelation for character recognition
In character each character can be considered as an image and

Character recognition using col

iriteLine(ern.Message); [

lhence 2D-cormelation can be implemented for character recognition. Before
Istarting the recognition process, the given document has to go through some
[preliminary stages where the image can actually be processed so that it can be
jused to recognize the characters. The character recognition process is camied

Correlation s a Signal-matChing Te ;s o |~ mevedree=e

ez

I

/7 refresh & information
pictureBoxl.Refresh();

MessageBox. Show("Done”);
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IMPUJIO’)KEHUE C ITPOI'PAMEH KO/JI

using System;

using System.Collections.Generic;
using System.ComponentModel;
using System.Data;

using System.Drawing;

using System.Drawing.Imaging;
using System.Ling;

using System.Text;

using System.Threading.Tasks;
using System.Windows.Forms;
using System.Runtime.InteropServices;
using System.lO;

// Optical Character Recognition
namespace Optical_Character_Recognition

System.lO.File.Delete(tempFile);

catch (Exception err)
{
Console. WriteLine(err.Message);

}

// result result image
return bmp_result;

}

// user32.dll
[Dllimport("user32.dil")]
static extern IntPtr Loadlmage(IntPtr hinst, string

IpszName, uint uType, int cxDesired, int cyDesired, uint

{ fuload);

public partial class Form1 : Form
{
// const
private const int LR_LOADFROMFILE = 0x0010;
private const int LR_MONOCHROME = 0x0001;
// var
private List<Bitmap> content = new List<Bitmap>();

// constructor
public Form1()
{
InitializeComponent();

}

// Bitmap To Monochrome
private Bitmap ToMonochrome(Bitmap bmp) // O(1)
{

// Width & Height

int w = bmp. Width;

int h = bmp.Height;

// Create a blank bitmap the same size as original
Bitmap bmp_result = new Bitmap(w, h);

try

// Save as temporary file

string tempFile = "temporary.bmp";

bmp.Save(tempFile,
System.Drawing.Imaging.ImageFormat.Bmp);

// creates 1 bpp bitmap

IntPtr hBitmap = LoadImage(IntPtr.Zero,
tempfFile, 0, 0, 0, (LR_LOADFROMFILE |
LR_MONOCHROME));

// Creating Image object from HBITMAP handle
and saving it to destination file

bmp_result = Bitmap.FromHbitmap(hBitmap);

DeleteObject(hBitmap);

// gdi32.dll
[Dllimport("gdi32.dll")]
static extern bool DeleteObject(IntPtr hObject);

// Step 1: Image Acquisition & Preprocessing
private void

loadimageFromToolStripMenultem_Click(object sender,
EventArgs e)

// (A) Image Acquisition
if (openFileDialog1.ShowDialog() ==

DialogResult.OK)
pictureBox1.Load(openFileDialog1.FileName);

// (B) Preprocessing
Image source = pictureBox1.Image; // Image

// Prepare Image: To Monochrome
pictureBox1.Image =

(Image)ToMonochrome((Bitmap)pictureBox1.Image);

// refresh
pictureBox1.Refresh();

// next menu
segmentationToolStripMenultem.Enabled = true;

}

// Step 2-A: Segmentation
private void

segmentationToolStripMenultem_Click(object sender,
EventArgs e) // O(N/2)
{

// Image

Image source = pictureBox1.Image;
Bitmap bmp = new Bitmap(source);
bmp.Save("region//regions.bmp");

// Width & Height
int w = bmp.Width;
int h = bmp.Height;

// status
ProgressBarl.Maximum = h;

// Regions
Rectangle(] regions = new Rectangle[h];
int RegionCounter = 0;

// prepare regions file
StreamWriter fs = new

StreamWriter("region//regions.txt");

// find regions
int top = 0, bottom=0;
for (inti=0;i<h;i++)
{

int sum =0;

// rows sum

for(intj=1;j<w;j++)

if ((bmp.GetPixel(j, i)). ToString() != "Color

[A=255, R=255, G=255, B=255]")

sum++;
// positions: top & bottom
if ((sum > 0) && (top == 0)) top = i;
if ((top > 0) && (bottom == 0) && (sum == 0))
{

bottom = i;

// add new region

regions[RegionCounter] = new Rectangle(0,

top, w, bottom - top);

RegionCounter++; // increse region counter

// text
fs.WriteLine("0

"+System.Convert.ToString(top)+"
"+System.Convert.ToString(w)+"
"+System.Convert.ToString(bottom - top));

bottom = 0;
top =0;

// progress
ProgressBarl1.Value++;
}
fs.Close();

// status
ProgressBar1l.Maximum = RegionCounter;
ProgressBar1.Value = 0;

// Draw regions rectangles
Graphics g = Graphics.Fromimage(bmp); // get a

graphics object from the new image



PointF ulCorner = new PointF(OF, OF); // Create
point for upper-left corner of image.

g.Drawimage(bmp, ulCorner);

g.DrawRectangles(new Pen(Brushes.Red), regions);
// draw regions rectangles

pictureBox1.Image = bmp;

pictureBox1.Refresh();

// Get Regions And Save Them
GetRegionsAndSaveThem("region//regions.bmp");

// next menu
characterRecognitionToolStripMenultem.Enabled =
true;

}

// Step 2-B: Get the Regions And Save Them as
Images

private void GetRegionsAndSaveThem(string
filename)

if (File.Exists("region//subregions.txt"))
File.Delete("region//subregions.txt");

// vars

char[] delimiter={"'"};
string line;

int region = 1;

// regions
StreamReader fs = new
StreamReader("region//regions.txt");

// read the regions
while ((line = fs.ReadLine()) != null)

// preprocess

string(] vars = new string[4];

vars = line.Split(delimiter);

int x = int.Parse(vars[0].ToString());
inty = int.Parse(vars[1].ToString());
int w = int.Parse(vars[2].ToString());
int h = int.Parse(vars[3].ToString());

// Crop and Save the Image Region

Rectangle cropArea = new Rectangle(x, y, w, h);

Bitmap Sourcelmage = new Bitmap(filename);

Bitmap ImageRegion =
Sourcelmage.Clone(cropArea, Sourcelmage.PixelFormat);

// Prepare Image: To Monochrome
ImageRegion = ToMonochrome(ImageRegion);

// Save Image
ImageRegion.Save("region//" +
System.Convert.ToString(region) + ".bmp");

// Get the Image Sub Regions
GetSubRegionsAndSaveThem(ImageRegion,
region, w, h);

// Next Region
region++;

// progress
ProgressBar1.Value++;
}
}

// Step 2-C: Get the Sub Regions And Save Them as
Images

private void GetSubRegionsAndSaveThem(Bitmap
source, int region, int w, int h)

// sub regions
StreamWriter fs = new
StreamWriter("region//"+region+".txt");

int start = 0, end = 0, oldend = 0, subregion = 1;
for (inti=1;i<w;i++)

// find columns sums

int sum =0;

for(intj=1;j<h;j++)

if ((source.GetPixel(i,j)). ToString() != "Color
[A=255, R=255, G=255, B=255]") sum++;

// process
if ((sum > 0) && (start == 0)) start = i;
if ((sum == 0) && (start > 0)) end = i;
if ((sum == 0) && (end > 0))
{

// Cropping Areas

Rectangle cropArea = new Rectangle(start, O,

end - start, h);

Bitmap imagel = new Bitmap("region//" +
System.Convert.ToString(region) + ".bmp");

Bitmap image2 = imagel.Clone(cropArea,
imagel.PixelFormat);

// Clear Empty Spaces
image2 = ClearEmptySpaces(image2);

// Prepare Image: To Monochrome
image2 = ToMonochrome(image2);

// vars

string re = System.Convert.ToString(region);
string sr = System.Convert.ToString(subregion);
string st = System.Convert.ToString(start);
string ed = System.Convert.ToString(end);

// Add to list for processing
content.Add(image2);

// Save for processing
image2.Save("region//"+re + "-" + sr +

fs.WriteLine(re +" " +sr+""+st+"" +ed);

// vars
subregion++;
start =0;
end=0;

}

}
fs.Close();

// write subregions to file
List<string> list = new List<string>();
if (File.Exists("region//subregions.txt"))
{
string[] subregions_file =
File.ReadAllLines("region//subregions.txt");
list. AddRange(subregions_file);
}
else File.Open("region//subregions.txt",
FileMode.Create).Close(); //
File.Create("region//subregions.txt");
// insert
list.Insert(list.Count,
System.Convert.ToString(subregion - 1));
File.WriteAllLines("region//subregions.txt",
list. ToArray());
}

// Step 3-A: Create Image From Text

// Generate Image from text using C# OR Convert
Text in to Image using C# (9 May 2008) by chiragrdarji

/7
http://chiragrdarji.wordpress.com/2008/05/09/generate-
image-from-text-using-c-or-convert-text-in-to-image-
using-¢/

public Bitmap CreatelmageFromText(string text)

// Create font and brush.
Font font = new Font("Arial", 50);
SolidBrush brush = new SolidBrush(Color.Black);

// Create the bmplmage again with the correct size
for the text and font.
Bitmap bmp = new Bitmap(150, 150);

// Create a graphics object to measure the text's
width and height.
Graphics g = Graphics.Fromimage(bmp);

// Set Background color
g.Clear(Color.White);

// Draw string to screen.
g.DrawsString(text, font, brush, 0, 0);
g.Flush();

// Prepare Image: To Monochrome
bmp = ToMonochrome(bmp);

// Clear Empty Spaces
bmp = ClearEmptySpaces(bmp);

// Return the bitmap
return bmp;

}

// Step 3-B: Clear Empty Spaces

public static Bitmap ClearEmptySpaces(Bitmap
source) // 4 x O(N2)

{

// preprocessing
int h = source.Height;

int w = source. Width;

// top
int top = 0;
for(inti=0;i<h;i++)
{
int sum = 0;
// sum
for(intj=1;j<w;j++)
if ((source.GetPixel(j,i)). ToString() != "Color
[A=255, R=255, G=255, B=255]")
sum++;
if ((sum > 0) && (top == 0))
{
top = i;
break;
}
}
// bottom
int bottom = 0;
for(inti=h-1;i>=0;i-)
{
int sum = 0;
for (intj=1;j<w;j++)
if ((source.GetPixel(j, i)). ToString() != "Color
[A=255, R=255, G=255, B=255]")
sum++;
if ((sum > 0) && (bottom == 0))
{
bottom =i;
break;
}
}
// left
int left = 0;
for (inti=0;i<w;i++)
{
int sum =0;
for (intj=1;j< h; j++)
if ((source.GetPixel(i, j)). ToString() != "Color
[A=255, R=255, G=255, B=255]")
sum++;
if ((sum > 0) && (left == 0))
{
left=i;
break;
1
}
// right
int right = 0;
for(inti=w-1;i>=0;i-)
{
int sum =0;
for(intj=h-1;j>0;j-)
if ((source.GetPixel(i, j)). ToString() != "Color
[A=255, R=255, G=255, B=255]")
sum++;
if ((sum > 0) && (right == 0))
{
right = i;
break;
}
}
// Cropping Areas
Rectangle cropArea = new Rectangle(left, top, right
- left + 1, bottom - top + 1);
Bitmap Resultimage = source.Clone(cropArea,
source.PixelFormat);

// result
return Resultimage;

}

// Step 4: Normalized Cross Correlation
// HELP:
http://local.wasp.uwa.edu.au/~pbourke/miscellaneous/c
orrelate/
public static double NCC(byte[] x, byte[] y)
{
int n = Math.Max(x.Length, y.Length);
double CC = (1.0/(n-1)) * (Number(x,y) / (SD(x) *
SD(y));
return CC;

}
// Number
public static double Number(byte[] x, byte[] y)
{
double avgx = Average(x);
double avgy = Average(y);
int n = Math.Min(x.Length, y.Length);
double sum = 0;
for (inti=0;i<n;i++)
sum = sum + ((x[i] - avgx) * (y[i] - avgy));
return sum;



// Average
public static double Average(byte[] data) // O(n)

double length = data.Length;
if (length == 0) throw new Exception("No picture
data");
double sum = 0;
for (int i = 0; i < data.Length; i++) sum += datali];
return (sum / length);
}
// Variance
public static double Variance(byte[] data) // O(n)

double length = data.Length;
double avg = Average(data); // Average
double sum = 0;
for (int i = 0; i < data.Length; i++) sum +=
Math.Pow((data[i] - avg), 2);
return (sum / length) - 1.0;
}
// Standard devaiation
public static double SD(byte[] data)
{
return Math.Sqrt(Variance(data));

}

// Resizing an Image in C#
public Bitmap Resizelmage(Bitmap Image, int w, int
h)
{
// Resize
Bitmap bmp = new Bitmap(w, h);
using (Graphics g = Graphics.FromIimage(bmp))
{

g.InterpolationMode =
System.Drawing.Drawing2D.InterpolationMode.NearestN
eighbor; // HighQualityBicubic;
g.Drawimage(Image, new
System.Drawing.Rectangle(0, 0, w, h));
}

// Prepare Image: To Monochrome
bmp = ToMonochrome(bmp);

// Return the bitmap
return bmp;

}

// Step 5: Optical Character Recognition Processing

private void
characterRecognitionToolStripMenultem_Click(object
sender, EventArgs e)

{
//ASCII (48 .. 122)
int min =48, max =122;
// int min = 33, max = 126;
// Step 5: Create Image From Text (Arial font)

Bitmap[] ARIAL = new Bitmap[512];
// Load or Save

JIMTEPATYPA
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for (int i = min; i <= max; i++)
{
// File Name
String file = "ascii//" + i + ".bmp";
// Load
if (File.Exists(file)) ARIAL[i] = new Bitmap(file);
else
{
// Save
ARIAL[] =
CreatelmageFromText(System.Convert.ToString((char)i));
//ASCll
ARIAL[i].Save( file );
}
}

// read subregions file

List<string> subregion_list = new List<string>();

string[] subregions_file =
File.ReadAllLines("region//subregions.txt");

subregion_list. AddRange(subregions_file);

// progress
ProgressBarl.Maximum = content.Count;
ProgressBar1.Value = 0;

// process the subregions
foreach (Bitmap ImageToProcess in content)
{
// NEW: Spaces
if (ImageToProcess == null)
{
textBox1.AppendText("");
continue;

}

// Correlation
double[] CORR = new double[512];

// Max Correlation Index
int MAX_CORR = 0;

// Process
for (int i = min; i <= max; i++)
{
// dimmensions
double Aw = ARIAL[i]. Width;
double Ah = ARIAL[i].Height;
double Iw = ImageToProcess. Width;
double Ih = ImageToProcess.Height;
// tolerance
double TOLERANCE_W = Aw / 4; // W
double TOLERANCE_H =Ah /6; //H
// tolerance check before resizing
if ((Aw < Iw * (Ah / Ih) - TOLERANCE_W) [ |
(Aw > Iw * (Ah / Ih) + TOLERANCE_W)) && // W
((Ah < Ih * (Aw / Iw) - TOLERANCE_H) || (Ah
>1h * (Aw / Iw) + TOLERANCE_H))) //H

CORRIi] = 0;

continue;

}

// Resize image for cross corelation
Bitmap Im = ImageToProcess;
Im = Resizelmage(Im,(int)Aw,(int)Ah);

// Convert images to byte

MemoryStream stream = new
MemoryStream();

ARIAL[i].Save(stream,
System.Drawing.Imaging.ImageFormat.Bmp);

Byte[] imagel = stream.ToArray();

Im.Save(stream,
System.Drawing.Imaging.ImageFormat.Bmp);

Byte[] image2 = stream.ToArray();

// Step 6: Normalized Cross Correlation
CORR([i] = NCC(imagel, image2);

// print
if (CORR[MAX_CORR] <= CORR[i]) MAX_CORR

}
// text

textBox1.AppendText(System.Convert.ToString((char)MAX
_CORR));

// progress

ProgressBar1.Value++;

}

// next menu
saveTextToolStripMenultem.Enabled = true;

}

// Save Text
private void saveTextToolStripMenultem_Click(object
sender, EventArgs e)
{
if (saveFileDialog1.ShowDialog() ==
DialogResult.OK)
{
string file = saveFileDialog1.FileName.ToString();
string data = textBox1.Text;
StreamWriter wf = new StreamWriter(file);
wf.Write(data);
wf.Close();
}
}

// Exit
private void exitToolStripMenultem_Click(object
sender, EventArgs e)
{
Close();
}
}
}
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