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CAR LICENSE PLATE RECOGNITION SYSTEM
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Abstract

Car license plate recognition system is able to analyze an image of a car given by a camera,
locate the plate and recognize the registration numbers of a car. This report proposes the method of
extracting the registration numbers using color information of the license plate. Dark objects with a
light background are segmented by thresholding. Then the objects are selected according to criteria
that fit the size and alignment and expected to be the registration numbers. These selected numbers
will be classification by recognition based on neural networks architecture. A 3-layer neural

networks was trained using varieties of input images for the best performance.
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31 -1 Tnsea$1904 Bitmap File

BITMAPFILEHEADER
Byte Data Detail
1-2 File type Must be ASCII text “BM”
3-6 Size of file In double word (32-bit integer)
7-10 Reserved for future Must be zero
11-14 | Byte offset to bitmap data | Offset from Bitmap File Header
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typedef struct tagBITMAPINFO { // bmi

BITMAPINFOHEADER bmiHeader;
RGBQUAD bmiColors[1];
} BITMAPINFO;

BITMAPINFO Usnoudie 2 aaufio BITMAPINFOHEADER Hudufivenvuia
=i Y 1 A 1 -] o =y ] ]
LLﬂZ‘i’l‘fJi;I‘ﬁfT‘ilﬂﬂﬂ’lW‘]Jmlll‘lJ AL AIUVDY RGBQUAD ‘]N‘Dzlfdmﬂ'lﬂ'li'NfoT’lﬂi‘]JmU‘iJﬂ’lil’lﬂﬂ’l

YOUAALNALYD

BITMAPINFOHEADER

1 4
Tns9e519909 BITMAPINFOHEADER ausoideu laeatl

typedef struct tagBITMAPINFOHEADER { // bmih

DWORD biSize;

LONG biWidth;

LONG biHeight;

WORD biPlanes;

WORD biBitCount
DWORD biCompression;
DWORD biSizelmage;
LONG biXPelsPerMeter;
LONG biYPelsPerMeter;
DWORD biClrUsed;
DWORD biClrImportant;

} BITMAPINFOHEADER,;

' = g = o dy
Tﬂmma:wam:nmmwmumu

biSize 51mu"lnﬁilm Header file
biwidth, biHeight vonvunvoanwiuanun e uazanugalumizoinaa
biplanes 1 1arwe

biBitCount Ao uuLinne 1 RAsA

biCompression erasn1sdudadoya
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' ¢ o 1 a8
dliM BI_RGB Iaunuy hilimsiiudadeya

RLE 4 i{lumsfiudadeyauuy Run-length Encoder 1y 4

RLE 8 Wumsfiudadeyauuy Run-length Encoder 1111y 8
BI_BITFIELDS fiumstusadoyauuy ansred

biSizelmage  UBAYUIAYDAINA

biXPelsPerMetern e UMDY Trtiruiufiniradeins

biYPelsPrMeter AMMETINIR Smiioiufinaadeins

¥

. [~ o o oA T o P
biClrUsed Wuswaudluars e Aszansdreaimaaludauuy
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. [ P 3 o @ a
biClrimportant  1umviinaasidoyadianudnglumsuanswavesdauui

i
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Audnaasyniiinnudiig

RGBQUAD

ar

¥
flassadadouldaaeil

typedef struct tagRGBQUAD { // rgbq
BYTE rgbBlue;
BYTE rgbGreen,
BYTE rgbRed;
BYTE rgbReserved;
} RGBQUAD;

& y Y a a d a a :
RGBQUAD ’1)81‘1]‘LlIﬂ5\1?{5'I\i'YlLLfTﬂ\‘iﬂ’J'liJl‘lliJiJﬂ\‘imlﬂ\‘i Yy HAZHINUY IﬂUiJﬂ’J'liJ
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rgbBlue wansnuiduvediinGy
rgbGreen HARIANUITNYBI TR Y
rgbRed werasnNUITNYeITIAY
rgbReserved doatiauilu o

Tud7uv09 bmiColors 484 Iasuas1e BITMAPINFO 92152nouduesdvns

& [~ = a 9/ [ Py
RGBQUAD iaitlussuiisudvesteyalunaazwniaa
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Pixel Data
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) v
Window 1138 VEW class 494 Window95 lau@eulisunsuinefadenundanadnlo laaaii

procedure Openvideo;
begin
video := CreateCapturewindow('',wS_VISIBLE+WS_CHILD+WS_BORDER,
0,0,200,200,MainForm.handle,0);
capDriverConnect(video, 0);
capPreviewRate(video, 66);
gapPreview(video, True);
end;

A Y ag Yy a . P Y o ' '
LiJBG'IENﬂ‘IS‘UEJy?m‘IWﬂ‘Iﬂ’JﬂTB #199158N Callback Function ‘Nﬂﬂﬁﬂ‘lmlmuﬁ‘umﬂu’w

Ld d’ ] é s e d"
a2§ Ay Tnsead 19904 Video header data block (VIDEOHDR) oy Faldnymz Inseadredail

type
PVIDEOHDR = ATVIDEOHDR;
TVIDEOHDR = record
LpData :PBYTE; // pointer to locked data buffer
dwBufferLength :DWORD; // Length of data buffer .
dwBytesUsed :DWORD; // Bytes actually used
dwTimeCaptured :DWORD; // Milliseconds from start of stream
dwuser :DWORD; // for client's use
dwFlags :DWORD; // assorted flags
gwReserved :array[0..3] of DWORD; // reserved for driver
end;

3
f a9 '

] A g é 3
audfgyveslasaadrs VIDEOHDR Ao LpData FevzIadumisvosdoyanivn da

L4
v Ay

1 4
WuidleAvansdeyanin azAnaonly Callback Function Al

capSetCallbackonFrame(video, videoFramecallback);

Taodosfmuaileisu video Frame Callback 13nowieshimsdanisiudoyanind

function videorFramecallback(window: Hwnd; 1pVHdr: PvideoHDR):
DWORD; stdcall;
begin
// Process video frame data here by IpVHdr that return pointer
é/ to DIB data
end;
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LiJ'E)ﬂ'ENﬂ'li‘U'E)llvﬁ‘UﬂQ BITMAPINFO L‘UU‘HI‘]JSHﬂilIVlﬂﬂ\‘IU

var
dwSize: DWORD;
bmi: PBITMAPINFO;

dwSize :=_ capGetvideoFormatSize(video);
bmi := allocmem(dwsize); ]
capGetvideoFormat(video,bmi,dwSize);
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Digitl: TImage;

Digit2: TImage;

Digit4: TImage;

Digit5: TImage;

Digit3: TImage;

Digit6: TImage;

ImName: TLabel;

GroupBoxl: TGroupBox;

Imagel: TImage;

Labell: TLabel;

procedure Button2Click(Sender: TObject);
procedure Main(fn:string);

procedure FormCreate(Sender: TObject);
function GetTime(start:Boolean;var time:Word):word;
procedure TimerlTimer(Sender: TObject);

private
{ Private declarations }
public
{ Public declarations }
end;
type

output = record
dig:array[0..5] of real;

end;

var
Forml :TForml;
index :Integer=0;

digit:array[0..5] of TImage;
DIB:TDIBitmap;
result:array[0..5] of output;
res:array[0..5]of TLabel;
Dir:string;
FN :String;

implementation

uses Unit2, layer;
{$R *.DFM}

function BinTostr(bin:array of real):string;
var
acc:string[6];
i:integer;
begin
acc := '000000°';
for i =0 to 5 do
begin
if bin[i]>= 0.7 then
acc[i+1] := '1'
else if bin[i]l<= 0.3 then
acc[i+1] := '0'
else
acc[i+1] := '?';
end;

result := acc;
end;

function BinToInt(bin:array of real):integer;
var

i:integer;

int:integer;
begin

int:=0;

for i := 0 to 5 do
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begin
d1'nt := int+ Trunc(Round(bin[i])*IntPower(2,5-1));

end;
result := int;

end;

function IntToChar(int:integer):Char;

begin
case int of
0:Result := '0’;
1:Result := '1’';
2:Result := '2°';
3:Result := '3';
4:Result := '4’';
S:Result := '5';
6:Result := '6';
7:Result := '7';
8:Result := '8';
9:Result := '9°';
10:Result := #161;
11:Result := #162;
12:Result := #164;
13:Result := #166;
14:Result := #167;
15:Result := #168;
16:Result := #169;
17:Result := #170;
18:Result := #171;
19:Result := #172;
20:Result := #173;
21:Result := #174;
22:Result := #175;
23:Result := #176;
24:Result := #177;
25:Result := #178;
26:Result := #179;
27:Result := #180;
28:Result := #181;
29:Result := #182;
30:Result := #183;
31:Result := #184;
32:Result := #185;
33:Result := #186;
34:Result := #187;
35:Result := #188;
36:Result := #189;
37:Result := #190;
38:Result := #191;
39:Result := #192;
40:Result := #193;
41:Result := #194;
42:Result := #195;
43:Result := #197;
44:Result := #199;
45:Result := #200;
46:Result := #201;
47:Result := #202;
48:Result := #203;
49:Result := #204;
50:Result := #205;
51:Result := #206;
else Resu]t = -ty
end;

end;

function charToBin(ch:cChar):string;

\re
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begin
case
lol
|1l
l2l
l3l
l4l
ISI
l6|
l7l
l8l
lgl‘
#161
#162

#164:
#166:
#167:
#168:
#169:

#170
#171
#172
#173

#174:

#175

#176:
#177:
#178:
#179:
#180:
#181:

#182
#183

#184:

#185

#186:
#187:
#188:
#189:
#190:
#191:

#192
#193

#194:

#195

#197:
#199:
#200:
#201:

#202
#203
#204
#205

#206:

else
end;
end;

functi
var
Pres
Hour
begin
Pres
Deco
if s
ti
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ch of
:Result := '000000';
:Result := '000001°;
:Result := '000010';
:Result := '000011°;
:Result := '000100';
:Result := '000101';
:Result := '000110';
:Result := '000111’;
:Result := '001000';
:Result := '001001';
:Result := '001010°';
:Result := '001011°';
Result := '001100';
Result := '001101';
Result := '001110';
Result := '001111';
Result := '010000';
:Result := '010001°';
:Result := '010010°';
:Result := '010011';
:Result := '010100';
Result := '010101';
:Result := '010110';
Result := '010111';
Result := '011000';
Result := '011001°';
Result := '011010';
Result := '011011';
Result := '011100';
:Result := '011101°';
tResult := '011110';
Result := '011111°';
:Result := '100000';
Result := '100001';
Result := '100010';
Result := '100011°';
Result := '100100';
Result := '100101’';
Result := '100110';
:Result := '101111°';
:Result := '101000';
Result := '101001°;
:Result := '101010';
Result := '101011’;
Result := '101100';
Result := '101101';
Result := '101110';
:Result := '101111"';
:Result := '110000';
:Result := '110001';
:Result := '110010';
Result := '110011';
Result := '111111';

on TForml.GetTime(start:Boolean;var time:word):word;

ent: TDateTime;

, Min, Sec, MSec: word;

ent:= Now; )
deTime(Present, Hour, Min, Sec, MSec);
tart then

me := Hour*1000*60*60 + Min*1000*60 + Sec*1000 + MSec
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else

time :

Result :

end;

+ procedure

const

60

Hour*1000%60*60 + Min*1000%*60 + Sec*1000 + MSec - time;

time;

TForml.Main(fn: string);

WEIGHT_FILE = 'weight.dat';
., var
net:network;

X,¥,1,3,

p: 1nteger

1nput array[O .87]of real;
input_count:integer;
acc:integer;

begin

DIB :=

TDIBitmap.Create;

DIB.Source := fn;
DIB.Binarize;
DIB.RemoveNoise;
DIB.Labeling;

DIB.Display(Image2.Canvas.Handle,Image2.width,Image2.Height);
Image2.Repaint;

for p :=

begin

0 to DIB.digit_count-1 do

StretchDiBits(digit[p].Canvas.Handle,0,0,digit[p].width,digit
[p].height,

DIB.digit[p].x1,DIB.digit[p].yl,DIB.digit[p].x2-

DIB. d1g1t[p] x1+1,D01B.digit[p].y2- -DIB. digit[p].yl+1,

DIB.ptrBits,DIB.ptrBitmapInfoA,
DIB_RGB_COLORS, SRCCOPY);

digit[pl.Repaint;

input_count := 0;

for

be%or i

j := Trunc(digit[p].Height/5)-1 downto 0 do
0 to Trunc(digit[p].width/5)-1 do

begin

acc := 0;
for y := 0 to 4 do

begi
Eor X =0 to 4 do
egin
?f GetPixel(digit[p].Canvas.Handle,x+i*5,y+j*5) =

c1Black then

inc(acc);
end;
end;
input[input_count] := acc/25;
inc(input_count);

end;
end;

net
net
net
net

net.
net.
net.

res
res

:= Network.Create;

.GetLayerInfo;
.SetupNetwork;
.ReadWe12htS(WEIGHT_FILE);

FillBuf er(1nput);
ForwardProp
Get0utput(resu1t[p] dig);

IntToChar(BinToInt(result[p].dig));

[p].caption :
True;

[p].visible

d1g1t[p] visible := True;
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net.Destroy;

end;
for i := S downto p do
begin
res[i].visible := False;
d1g1t[1] visible := False;

end;

DIB.Destroy;
end;

procedure TForml.Button2Click(Sender:

var
time

begin
Timerl.Enabled := False;
GetTime(true,time);
Main(FN);
Elapsed.Caption :=

(false,time)/1000);
Timerl.Enabled := True;

:word;

'Elapsed time :

Tobject);

'+FloatToStr(GetTime

end;
rocedure TForml.FormCreate(Sender: TObject);
egin
Dir := GetCurrentD1r,
digit[0] := digitl;
digit[l] := digit2;
digit[2] := digit3;
digit[3] := digit4;
digit[4] := digits;
digit[S] := digit6;
res[0] := resl;
res[1l] := res2;
res[2] := res3;
res[3] := res4;
res(4] := resS;
res{5] := resé6;
end;
procedure TForml.TimerlTimer(Sender: TObject);
const .
LIST = 'list.txt';
var
F :TextFile;
i :Integer;
begin
AssignFile(F,LIST);
Reset(F);
try
for i := 0 to index do
Read1n(F,FN);
if FN = '' then
begin
index := 0;
Reset (F);
Readln(F,FN);
end;

ImName.Caption :=
FN := Dir+FN;

Imagel. P1cture LoadFromFile(FN);

Imagel.Re a1nt
inc(index) ;

ExtractFileName(FN);
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finally
CloseFile(F);
end;
end;

end.

unit DIBitmap;

interface
uses _ )
qudows, Messages, SysUtils, Classes, Graphics, Controls, Forms,
Dialogs N
StdCt?]s, Filectrl, ExtcCtrls, dib32c, Math, oleCtrls;
type
Box_ = record
x1l:Integer;
x2:Integer;
yl:Integer;
y2:Integer;
end;
TDIBitmap = class(TDIB)
private
public
digit: array[0..5] of box_;

digit_count:Integer;

procedure Binarize;

procedure RemoveNoise;

procedure Labeling;

grocedure Display(DC:HDC;w,h:integer);
end;

implementation

procedure Swap(var a,b:integer);
var
temp:integer;
begin
temp := a;
a:=B;
b:=temp;
end;

procedure TDIBitmap.Binarize;

var
X,y: integer;
data: PByte;
Mean: real;
begin
mean := 0;

for y := 0 to Height-1 do
begin
or x := 0 to width-1 do
begin
data := pointer(longint(ptrBits) + x + y*width);
mean := mean + dataA/80000;
end;
end;

if mean < 65 then
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mean := 120;
for y := 0 to Height-1 do
begin
or x := 0 to width-1 do
begin

data := pointer(longint(ptrBits) + x + y*width);
if dataA < mean then

dataAr := 0
else
dataA := 255;
end;
end;
end;

procedure TDIBitmap.RemoveNoise;
var
X,y,neighborCount: integer;
data,neighbor: pPByte;
begin
or y := 0 to Height-1 do
begin
or x := 0 to wWidth-1 do
begin
neighborCount := 0;

neighbor := pointer(longint(ptreits) + (x-1) + (y+1)*width);

:22gﬂgg:c?gnsoé:tgﬁzghborCount + round(neighborA/255);
2:1gngggc?:ngoé:tgﬁz?hborcount + round(neighborA/255);
:21gﬂgg:c?gngoé:tgﬁz?hborCount + round(neighborA/255);
:gigﬂgg:c?:n;oé:tgﬁzghborCOunt + round(neighborA/255);
221gngg:c?:n;o%:tgﬁz?hborCount + round(neighborA/255);
Rg}gﬂgg:c?gn;o%:tzgz?hborCount + round(neighborA/255);
ggggngggc?:n;o;:tgﬁz?hborCount + round(neighborA/255);
neighborcCount := neighborCount + round(neighborA/255);

data := pointer(longint(ptrBits) + X + y*width);

if neighborcCount > 6 then
dataA := 255

else if neighborCount = 0 then
dataA := 0;

end;
end;
end;

procedure TDIBitmap.Labeling;
type
rect = record

x1l:Integer;

x2:Integer;

yl:Integer;

y2:Integer;

Centroid:Integer;

Size:boolean;

end;

var
X,Y¥,1,j,t,index,centroid_n,n_dc: integer;
data :PByte;

equi,group :Arrany.h1000]of integer;
found, first :Boolean;

ongint(ptreits) + (x) + (y+1)*width);
ongint(ptrBits) + (x+1) + (y+1)*width);
ongint(ptrBits) + (x-1) + (y)*width);

ongint(ptrBits) + (x+1) + (y)*width);

ongint(ptrBits) + (x-1) + (y-1)*width);
ongint(ptreits) + (x) + (y-D*width);
ongint(ptrBits) + (x+1) + (y-1)*width);
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data
plabel
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:Longint;
:array[0..1000]of rect;
:array[0..288]of integer;
:TPOINt;

:pByte;

:HDC;

:PByte;

:PByte;

:PByte;

0;
:= AllocMem(width*Height);

0 to Height-1 do
0 to width-1 do

X

pointer(longint(ptrtabel

aA = 0 then

pointer(longint(ptrLabel) +
pointer(longint(ptrrLabel) +
pointer(longint(ptriLabel) + (x+1)
pointer(longint(ptrLabel) +

t right edge
(x=width-1)and(y<>0)) then
n

(EA<>0) then
pLabelA := EA

else if ((BA=0) and (CA=0)) then
begin
inc(index);
plabelA := index;
equifindex] := index;
end
else if ((BA<>0) xor (CA<>0)) then

be

in
1f (BA<>0) then
plabelA := BA
else
plabelA := CA;

end

el
be

end

end

se if ((BA<>0) and (CA<>0)) then
in
?f (BA=CA) then
plabelA := BA
else
begin
plabelA := CA;
if equi[BA]<=equi[CA] then
begin
equi[plabelA] := equi[BA];
equi[CA] := equil[BA];
end
else
begin
equil[plabelA] := equilcAl;
equi[BA] := equi[cA];
end;
end;//else

+ 4+ + +

(y)*width);

(y-1)*width);
(y-1)*width);
(y-1)*width);



—

65

// at any coordination
g]sg if ((x<>0) and (y<>0)) then
egin
?f ((DA<>0)and(EA<>0)) then
begin
1f DA=EA then
plabelA := DA
else
begin
plabelA := DA;
if equi[EA]<=equi[DA] then
begin_
equi[plabelA] := equil[EA];
equi[DA] := equi[EA];
end
else
begin
equi[plabelA] := equi[DA];
equi[EA] := equi[DA];
end;
end;
end

g1sg if ((DA<>0)xor(EA<>0)) then
egin
1f EA<>0 then
plabelA := EA
else
begin
1f BA=0 then
plabelA := DA
else if BA=DA then
plabelA := BA
else if BA<>DA then
begin
plabelA := DA;
if equi[BA]<=equi[DA] then
begin
equi[plabelA] := equi[BA];
equi[DA] := equi[BA];
end
else
begin
equi[plabelA] := equil[DA];
equi[BA] := equi[DA];

end;
end;
end;
end
else if ((DA=0)and(EA=0)) then
begin
1f ((BA=0) and (CA=0)) then
begin
inc(index);
plabelA := index;
equi[index] := index;
end .

else if ((BA<>0) xor (CA<>0)) then
begin
1f (BA<>0) then
plabelA := BA
else
plabelA := CA;
end
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else if ((BA<>0) and (CA<>0)) then

begin
1f (BA=CA) then
pLabelA := BA
else
begin
pLabelA := CA;

if equi[BA]<=equi[CA] then

begin
equi[pLabelA]

equi[CA] := equi[BA];

end
else
begin
equi [ptabelA]

equi[BA] := equil[CA];

end;
end;
end;
end;

end

// at first row or first column
else if ((x=0) xor (y=0)) then

begin
//at first row

equi[BA];

equi[CA];

unit layer;
interface
uses
Windows, SysUtils;
type )
Ttayer = class(TObject)
protected
num_inputs :integer;
num_outputs rinteger;
public
inputs :array[0..66]of real;
gutputs :array[0..66]of real;
end;

TInputLayer = class(TLayer)
private
noise_factor :real;

orig_outputs :arra§[0..66]of real;

public

constructor Create(i:integer;o:integer);
destructor Destroy; override;
procedure Calout; virtual;
procedure  SetNF(NF:real);

end;

ToutputLayer = class(TLayer)

protected
weights
output_errors
back_errors
expected_values
cum_deltas
past_deltas

:array|[O.
:array[0.
:array[0.
:array[0.
:array|[O.
:array[O.

.1320]of
.1320]of
.1320]of
.1320]of
.1320]of
.1320]of

real;
real;
real;
real;
real;
real;
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public
constructor Create(i:integer;o:integer);
destructor Destroy; override;
procedure Calcout;
procedure Calcerror(var error:real);
procedure Randomizeweights;
procedure Updateweights(const beta:real;const alpha:real);
procedure UpdateMomentum;
procedure Writeweiﬁhts(1ayer:1nteger;We1ﬁhtF11ename:String);
grocedure Readweights(Tayer:integer;weightFilename:string);

end;

THiddenLayer = class(TOutputLayer)

public
procedure CalcError;

end;

Network = class

private
LayersSize :array[0..2]of integer;
buffer :array[0..1320]of real;
InputlLayer :TInputLayer;
HiddenLayer :THiddenLayer;
OutputLayer :TOutputLayer;

public
procedure GetLayerInfo;
procedure SetupNetwork;
procedure Randomizeweights;
procedure Fi]]Buffer(ingut:array of real);
procedure SetupPattern(buffer_index:integer);
procedure SetNF(NF:real);
procedure ForwardProp;
procedure BackwardProp(var error_last_pattern:real);
procedure Updateweights(learning_rate:real;momentum:real);
procedure UpdateMomemtum;
procedure Writeweight(weightFilename:String);
procedure Writeoutput(outputFilename:String;pattern:integer);
procedure Readweights(weightFilename:string);
procedure Getoutput(var output:array of real);

end;

implementation

function Randomweight(first_time:Boolean): Real;
var num: Integer;
begin

1f first_time then Randomize;

num := Random(100);

result := (2*(num/100))-1;

end;
function squash(input:real):real;
begin
1f input < -50 then
result = 0

else if input > 50 then
result := 1

else )

result := 1/(1+exp(-input));

end;
constructor TInputLayer.Create(i:integer;o:integer);
begin

inherited Create;

num_inputs := i;

num_outputs := o;

end;
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destructor TInputLayer.Destroy;
begin

inherited Destroy;
end;

procedure TInputLayer.Calout;
var
i: 1nteger,

be%
or i := 0 to num_outputs-1 do
begin
outputs[i] := orig_outputs[i]*(1l+noise_factor*rRandomweight
(false));
end;
end;

rocedure TInputLayer.SetNF(NF:real);
egin

noise_factor := NF;
end;

gonstructor TOutputLayer.Create(i: integer; o: integer);
egin

1nherited Create;

num_inputs := 1;

num_outputs := 0;
end;

gestructor TOutputLayer.Destroy;
egin

1nherited Destroy;

end;

procedure ToutputLayer.Calcout;
var

i,j,k: integer;
acc: real;
begin
acc := 0;
for j := 0 to num_outputs-1 do

begi
%or i := 0 to num_inputs-1 do

beE1n
= i*num_outputs;
;f weights[k+]j *We1ghts[k+J] > 1000000 then
egin
raise Exception.Create('weights are blowing up.');
Exit;
end; .
outputs[j] := weights[k+j]*inputs[i];
acc := acc + outputs[j]l;
end;
outputs[]] := squash(acc);
acc := 0;
end;
end;

procedure ToutputLayer.Calceérror(var error:real);
var

i,j,k: integer;

acc:real;

total_error:real;
begin

acc := 0;

total_error := 0;
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for j:= 0 to num_outputs-1 do

begin
output_errors[j] := (expected_values[j]-outputs{j]1);
Eota1_error := total_error + output_errors[j];
end;
error := total_error;
for i:= 0 to num_inputs-1 do
begin
k := i*num_outputs;
for j := 0 to num_outputs-1 do
begin
back_errors[i] := weights[k+j]*output_errors(j];
acc := acc + back_errors[i];
end;
back_errors[i] := acc;
acc := 0;
gack_errors[i] = back_errors[i]*(inputs[i]*(1-inputs[i]));
end;
end;

procedure TOutputlLayer.RandomizeWeights;
const
FIRST_TIME = True;
NOT_FIRST_TIME = False;
var
i,j,k: integer;
discard:real;
begin
discard := Randomweight(FIRST_TIME);
for i := 0 to num_inputs-1 do
beEin
:= i*num_outputs;
for j := 0 to num_outputs-1 do
begin
weights[k+j] := Randomweight(NOT_FIRST_TIME);
end;
end;
end;

procedure TOutputlLayer.Updateweights(const beta:real;const
alpha:real);

var
i,q,k : integer;
delta:real;
begin

or i:= 0 to num_inputs-1 do

begin
E := i*num_outputs;
for j := 0 to num_outputs-1 do
begin

(k+31;
weights[k+j] := weights[k+j] + delta;
gum_de1tas%k+j] := cum_deltas[k+j] + delta;
end;
end;
end;

delta := beta*output_errors[j]l*inputs{i] + alpha*past_deltas

procedure TOutputLayer.UpdateMomentum;

var
i,j,k:integer;
temp: real;
begin

or i := 0 to 50 do
begin
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temp := past_deltas[i];
past_deltas[i] := cum_deltas[i];

cum_deltas[i] := temp;
end;
for i := 0 to num_inputs-1 do
begin

k o= 1*num _outputs;

for j := 0 to num_outputs-1 do
cum_ de1tas[k+]] =0
end;
end;

procedure
ToutputLayer.Writeweights(layer:integer;wWeightFilename:String);
var

i,j.k: 1nteger

weight_file: textf11e,
begin

Assign(weight_file,wWweightFilename);

if layer = 0 then

Rewrite(weight_file)

else

Append(weight_file);
for i := 0 to num_inputs-1 do
begin

Wr1te(we1ght file,layer,' ');
kK 1= 1% num_outputs
for j := 0 to num_outputs-1 do
begin
write(weight_fi1e,we1?hts[k+ i1, ')
// 4 write(weight_file,F oatToStrf(we1ghts[k+J] ffFixed,17,4),"
end;
writeln(weight_file);
end;
Close(weight_file);
end;

procedure
ToutputLayer.Readweights(layer:integer;weightFilename:String);
var
i,j,k:integer;
welght_file:textfile;
begin
Assign(weight_file,weightFilename);
Reset (weight_fil e),
while not EOF(weight_file) do
begin
Read(weight_file, j);
if j=layer then
break
else
Readln(weight_file);
end;//while

for j := 0 to num_outputs-1 do
Read(weight_file,weights[j]);

ReadIn(weight_file);

for i:=1 to num_inputs-1 do

begin
Read(weight_file,layer);
K := i*num outputs

for j:= 0 to num_outputs-1 do
4 Read(weight_file,weights[k+j]);
end;

s
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Close(weight_file);

end;
procedure THiddenLayer.CalcError;
var
i,j,k: integer;
acc:real;
begin
acc := 0;
for i:= 0 to num_inputs-1 do
beain )
:= 1*num_outputs;
gor_j := 0 to num_outputs-1 do
in
¢ ack_errors[i] := weights[k+j]*output_errors{j];
SFC := acc + back_errors[i];
ggck_errors[i] 1= acc;
acc := 0;
gack_errors[i] := back_errors[i]*(inputs{i]1*(1-inputs[i]));
nd;
eng;
LILLLLLLILIIII1777777177777777777777777777777777777777777777777777717177
1111171777
//
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// NETWORK
//
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/117111717

procedure Network.GetlLayerInfo;

var
TrainFile:TextFile;
i:integer;

begin
LayerSize[0] := 35;
LayerSize[l] := 20;
LayerSize[2] := 6;

end;

procedure Network.SetupNetwork;
var
i,j,k:integer;
begin
InputLayer := TInputLayer.Create(0,Layersize[0]);
outputLayer := ToutputLayer.Create(LayerSize[l],Layersize[2
ziddenLayer := THiddenLayer.Create(Layersize[0],Layersize[l
end;

i

);
J;

rocedure Network.Randomizeweights;
egin ) )

HiddenLayer.RandomizeWeights;

OutputLayer.Randomizeweights;
end;

procedure Network.FillBuffer(input:array of real);
var

i,count:integer;

ins:integer;

begin ‘
ins := Inputlayer.num_outputs;
for i := 0 to ins-1 do

g InputLayer.outputs[i] := dinput[i];
end;
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H

procedure Network.SetupPattern(buffer_index:integer);
var

i,k: integer;

ins,outs: integer;

LRI R —

begin
) ins := InputLayer.num_outputs;
outs := _OutputLayer.num_outputs;
k := buffer_index*(ins+outs);
for i := 0 to ins-1 do
InputLayer.outputs[i] := buffer[k+i];
for 1 := 0 to outs-1 do
g outputLayer.expected_values[i] := buffer[k+i+ins];
end;
' procedure Network.SetNF(NF:real);
begin
| InputLayer.SetNF(NF);
end;

procedure Network.ForwardProp;
var
: i:integer;

' begi

2or i := 0 to InputLayer.num_outputs-1l do
HiddenLayer.inputs[i] := InputLayer.outputs[i];
| HiddenLayer.CalcOut;

for i := 0 to H1ddenL§ er.num_outputs-1 do
OoutputLayer.inputs[i] := HiddenLayer.outputs[i];
. gutputLayer.Ca1c0ut;
end;

procedure Network.Backwardrrop(var error_last_pattern:real);
var

i:integer;
begin
OutputLayer.CalcError(error_last_pattern);
for i := 0 to HiddenLayer.num_outputs-1 do
HiddenLayer.output_errors[i] := OutputLayer.back_errors[i];
HiddenLayer.CalcError;
end;

rocedure Network.Updateweights(learning_rate:real;momentum:real);
egin

HiddenLayer.Updateweights(learning_rate,momentum);

gutputLayer .Updateweights(learning_rate,momentum) ;
end;

rocedure Network.UpdateMomemtum;
egin
HiddenLayer.UpdateMomentum;
gutputLayer .UpdateMomentum;
en

procedure Network.writeweight(weightFilename:String);
var
weightFile:textfile;
begin
HiddenLayer.writeweights(0,weightFilename);
gutputLayer .Writeweights(l,weightFilename);
en

procedure Network.writeoutput(OutputFilename:String;pattern:integer);
var
i :integer;
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b outputfFile:textfile;
begin
Assign(outputFile,OutputFilename);
if pattern = 0 then
Rewrite(OutputFile)
else
Append(OutputFile);
write(outputFile,pattern+l,' ');
J for i := 0 to OutputLayer.num_outputs-1 do
begin
. write(outputFile,FloatTostrf(OutputLayer.expected_values
[i],ffFixed,18,1),"' ");

end;
for i := 0 to OutputLayer.num_outputs-1 do
| begin
i
Write(OutputFi]e,F1oatToStrf(OutputLayer.outputs[1],ffFixed,lB,S),'
t ’
end;
writeln(outputFile);
S]ose(0utputFi1e);
end;

' procedure Network.Readweights(weightFilename:String);
egin
HiddenLayer.Readweights(0,weightFilename);
| gutputLAyer.ReadWeights(l,WeightFi]ename);
end; .

procedure Network.Getoutput(var output:array of real);
var

i:integer;
begin
or i := 0 to OutputLayer.num_outputs-1 do
g output[i] := OutputLayer.Outputs[i];
end;

end.
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{ Public declarations }
end;

pattern_data = record
fn :string[255];

expected_value :Char;

end;

var
Forml: TForml;
pattern_array: array[0..54]of pattern_data;
pattern_index: integer;
im:TimageList;
dir:string;

implementation

uses unit2, dib32c;

{$R *.DFM}

function charToBin(ch:Char):string;

begin
case ch of
'0':Result := 'Q 0';
'1l':Result := '0 1';
'2':Result ;= '0 0';
'3':Result := '0 1';
'4':Result := '0 0';
'5':Reésult := '0 1';
'6':Result := 'Q 0';
'7'":Result := '0 1';
'8':Result :='0 0';
'9':Result := '0Q 1';

0';

#161:Result :
#162:Result
#164:Result
#166:Result
#167 :Result
#168:Result
#169:Result :
#170:Result
#171:Result
#172:Result
#173:Result
#174:Result
#175:Result
#176:Result :
#177 :Result
#178:Result
#179:Result
#180:Result
#181:Result
#182:Result
#183:Result
#184:Result :
#185:Result :
#186:Result
#187:Result
#188:Result
#189:Result
#190:Result
#191:Result
#192:Result
#193:Result :
#194:Result
#195:Result :
#197 :Result :
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o
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#199:Result = '101100';
#200:Result := '101101';
#201:Result := '101110';
#202:Result := '1 01111
#203:Result := '1 1000 0';
#204:Result := '11 000 1';
#205:Result (= '110010';
#206:Result := '110011';
else Result := '111111"'
end;
end;

rocedure TForml.AddBtnClick(Sender: TObject);
egin
?f OpenDialogl.Execute then
begin
gf GetData(pattern_array[pattern_index].expected_value) then
egin
pattern_array[pattern_index].fn := OpenDialogl.Filename;

Imagel.Picture.Bitmap.LoadFromFile(pattern_array[pattern_index].fn);
Displaybata(pattern_index);
ImageListl.Add(Imagel.Picture.Bitmap,nil);

with Listviewl.Items.Add do

begin
Caption := pattern_array[pattern_index].expected_value;
gmageIndex := ImagelListl.Count-1;

end;

inc(pattern_index);
UpdateBtn.Enabled := True;
end;
end;
end;

procedure TForml.okBtnClick(Sender: TObject);
const
PATTERN_FILENAME = '\pattern.dat';
var
pattern_file: TextFile;
i : integer;
begin
AssignFile(pattern_file,dir+PATTERN_FILENAME) ;
Rewrite(pattern_file);
for i := 0 to pattern_index-2 do
begin
Wr1te1n(pattern f11e pattern_array[i].expected_value+'
'+pattern_array[i].f
end;
write(pattern_file,pattern_array[pattern_index-1].expected_value+'
'+pattern_ array[pattern index-1].f 9
C1oseF11e(qattern_f11e);
UpdateBtnClick(Sender);
Close;
end;

procedure TForml.DisplayData(index:integer);
var
DIB TDIB;
i,j,Xx,y,acc,d:integer;
data’ pbyte,
begin
if pattern_array[index].fn<>'"' then
begin
DIB := TDIB.Create,
DIB.Source := pattern_ array[1ndex] fn;
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for j := 0 to Trunc(DIB.Height/5)-1 do
for 1 := 0 to Trunc(DIB.width/5)-1 do
begin

acc := 0;

for y ;=0 to 4 do

for x := 0 to 4 do

begin

data :=

pointer(longint(DIB.ptrBits)+i*S+j*5*(DIB.Width+3)+x+y*(DIB.Width+3));
if dataAr=255 then

inc(acc);
end;
for y := 0 to 4 do
for x := 0 to 4 do
begin
data :=

pointer(longint(DIB.ptrBits)+i*5+j*5*(DIB.Width+3)+x+y*(DIB.Width+3));
dataA := Trunc(acc/25%255);
end;
end;

StretchbIBits(Image2.Canvas.Handle, 0, 0, Image2.width+acc-acc,
Image2.Height,
0, 0, DIB.width, DIB.Height,
DIB.ptrBits, DIB.ptrBitmapInfoA,
DIB_RGB_COLORS, SRCCOPY);
Image2.Repaint;
end;
end;

rocedure TForml.CalcelBtnClick(sender: TObject);
egin

Close;
end;

procedure TForml.RemoveBtnClick(Sender: TObject);
var
i : dinteger;
begin
dec(pattern_index) ;
gor 1 := Listviewl.Selected.Index to pattern_index-1 do
egin
gattern _array[i] := pattern_array(i+1]
en
pattern_array[i].fn = '";
pattern_array[i]. expected value := #0;

Listviewl.Items.Delete(Listviewl.Selected.Index);
RemoveBtn.Enabled := False;
UpdateBtn.Enabled := True;

end;

procedure TForml.ClearBtnClick(Sender: TObject);
var
i :integer;
beg1n
Listviewl.Items.Clear;
for i := 0 to pattern_index-1 do
with pattern_array[i] do
be%1n

expected ‘value := #0;
end;
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pattern_index := 0O;
UpdateBtn.Enabled := True;
end;

function IntToBin(int:integer): string;
var

i:integer;

bin:string;
begin

in := ;

for i := 5 downto O do

begin

if IntPower(2,1)>int then
bin := bin + '0 '

else
begin
bin := bin + '1 ';
int := int - Trunc(IntPower(2,i));
end;
end;
result := bin;
end;
procedure TForml.UpdateBtnClick(Sender: TObject);
const
TRAIN_FILENAME = '\training.dat’;
var
index,1,j,k,X,y,z,acc:integer;
DIB:.TDIB,
train_file:textfile;
data:PByte;
begin
try

AssignFile(train_file,dir+'\'+TRAIN_FILENAME)
Rewrite(train_file);

for index := 0 to pattern_index-1 do
begin
DIB := TDIB.Create;
DIB.Source := pattern_array[index].fn;
for j := 0 to Trunc(DIB.Height/5)-1 do
for 17 := 0 to Trunc(DIB.wWidth/5)-1 do
begin
acc := 0;
for y := 0 to 4 do -
for x := 0 to 4 do
begin

data := pointer(longint(DIB.ptrBits)+i*5+j*5*
(DIB.Width+3)+x+y*(DIB.width+3));
if dataA=255 then
inc(acc);
end;

w51te(tra1n_fi1e, FloatTostrf(l-acc/25,ffFixed,18,2)," ');
end;

writeln(train_file,charToBin(pattern_array[index].expected_value));
end;//for index
finally
CloseFile(train_file);
UpdateBtn.Enabled := False;
end;
end;

procedure TForml.FormCreate(Sender: TObject);
const
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PATTERN_FILENAME = '\pattern.dat';
var
pattern_file: TextFile;
NumrRead,i : integer;
acc:Char;
begin
try
dir := GetCurrentDir;
opendialogl.Initialpir := dir+'\images\’';
AssignFi1e(pattern_fi1e,dir+'\'+PATTERN_FILENAME);
Reset(pattern_file);

pattern_index := 0;
while not EoF(pattern_file) do
begin

Read(pattern_file, pattern_array[pattern_index].expected_value);
Read(pattern_file, acc); )
ReadIn(pattern_file, pattern_array[pattern_index].fn);

Imagel.Picture.Bitmap.LoadFromFi1e(pattern_array[pattern_index].fn);
Displaybata(pattern_index); ] )
ImageListl.Add(Imagel.Picture.B1tmap,n11);

with Listviewl.Items.Add do
begin
Caption := pattern_array[pattern_index].expected_value;
imageIndex := ImageListl.Count-1;
end;
inc(pattern_index);
end;
finally
CloseFile(pattern_file);
end;
end;

procedure TForml.ListviewlSelectItem(Sender: TObject; Item: TListItem;
Selected: Boolean);
begin
Bf pattern_array[Listviewl.Items.Indexof(Item)].fn<>" then
egin
Imagel.Picture.LoadFromFi1e(pattern_array[ListViewl.Items.Indexof
(Item)].fn);

Disp1ayData(Listviewl.Items.Indexof(Item));
RemoveBtn.Enabled := True;
end;
end; e

end.

unit dib32c;
interface

uses . .
windows, SysuUtils, Classes, Graphics;

type
tDIB = class
protected )
pDIB : PBitmapinfo;
MemSize : Tongint;
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function Get_bisize : integer;
function Get_DIBSize : longint;

procedure readFromFile(const fn : string);
function Get_width : Tlongint;

function Get_height : longint;

function Get_ncolors : longint;

function Get_ptr_to_RGBQuad : PRGBQuad;
function Get_ptr_to_bits : pointer;

public
constructor Create; )
destructor Destroy; override;

property source : string write ReadFromfFile;
property Width : Jongint read Get_width;

property Height : Jongint read Get_height;

property NumColors : Jongint read Get_ncolors;
property ptrrRGBQuad : PRGBQuad read Get_ptr_to_RGBQuad;
property ptrBits : pointer read Get_ptr_to_bits;

property ptreitmapInfo : pBitmapInfo read pDIB;

function Create_palette(const pa1SysF1ags,pa1F1ags : byte):
hpalette;
gunct1on Ccreate_IdentpPal256(const palFlags: byte): hrpalette;
end;

implementation

constructor tDIB.Create;
begin
inherited Create;
MemSize := 0;
end;

destructor tDIB.Destroy;
begin
if Memsize <> 0 then
freemem(pDIB,MemSize);

inherited Destroy;
end;

] tDIB.ReadFromFile: loads a bmp file and returns a pointer to the DIB
in

memory. Also returns the size of the memory image
SO

that the memory can be freed.

}
procedure tDIB.ReadFromFile(const fn : string);

var
stream: TMemoryStream;
begin
with TMemoryStream.Create do
begin
LoadFromFile(fn);
MemSize := size - sizeof (TBitmapFileHeader);

pDIB := AllocMem(MemSize) ;
seek(sizeof(TBitmapFi]eHeader), 0);
read(pDIBA, MemSize);
free;

end;

end; {ReadFromFile}
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// tDIB.Get_width: returns the width of a dib
function tDIB.Get_width : longint;
begin
result := pDIBA.bmiHeader.biwidth;
end: {Get_width}

// tDIB.Get_height: returns the height of a dib
function tDIB.Get_height : longint;
begin
result := pDIBA.bmiHeader.biheight
end: {dib_height}

// tDIB.Get_ncolors: returns the number of colors in a DIB
function tDIB.Get_ncolors : longint;
begin
1f pDIBA.bmiHeader.bic1rUsed > 0 then
]resu1t 1= pDIBA.bmiHeader.biC1rUsed
else
result := 1 shl pDIBA.bmiHeader.biBitCount;

end; {Get_ncolors}

// tDIB.Get_bisize: returns the number of bytes in a DIB header
including the
color table.

function tDIB.Get_bisize : integer;
begin

result := sizeof(TBitmapInfoHeader) + (Get_ncolors * sizeof
(TRGBQuad));
end; {dib_bisize}

// tDIB.Get_DIBSize: returns the number of bytes in a DIB.
function tDIB.Get_DIBSize : longint;
begin
result := Get_bisize + pDIBA.bmiHeader.biSizeImage;
end: {Get_DIBSize}

// tDIB.Get_ptr_to_RGBQuad: returns a pointer to the first RGBQuad
structure
gungt1on tDIB.Get_ptr_to_RGBQuad : PRGBQuad;

egin

{iet a pointer to the DIB palette table as an offset from the DIB
ptr
result := pointer(1ongint(pDIB) + sizeof(TBitmapInfoHeader));

end; {Get_ptr_to_RGBQuad}

// tDIB.Get_ptr_to_bits: returns a pointer to the pixel data of the
DIB
function tDIB.Get_ptr_to_bits : pointer;
begin . . s
result := po1nter(1ong1nt(pDIB) + Get_bisize);
end; {Get_ptr_to_bits}

//dtDIB.Create_Pa1ette: creates a palette from the DIB's color table
an

// returns a handle.

function tDIB.Create_Palette( const palsysFlags,palFlags: byte):
hralette;
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var
DstPal: PLogPalette;
Colors, n: Integer;
size: Longint;
DC: HDC,;
Focus: HWND;
pal: array[0..15] of TPaletteEntry;
sysPalSize: Integer;
I: Integer;

begin
Result := O;
colors := Get_ncolors;
if colors <= 2 then EXit;

Size := Sizeof(TLogPalette) + ((Colors - 1) *
sizeof(TPaletteEntry));
pstPal := AllocMem(Size);

try
Fillchar(pstralA, size, 0);
with DstPalA do
begin
palNumentries := Colors;
palversion := $300;
Focus := GetFocus;
DC := GetDC(Focus);
try
Syspalsize := GetDeviceCaps(DC, SIZEPALETTE);
gf (Colors = 16) and (SysPalsize >= 16) then
egin
Ignore the disk image of the palette for 16 color bitmaps

use
instead the first 8 and last 8 of the current system
palette }
GetSygtemPa1etteEntries(DC, 0, 8, palralentry);
I := 8;
() GetSystempaletteEntries(DC, SysPalSize - I, I, palPalEntry
I]);
end
else
%scogy the palette for all others (i.e. 256 colors) }
R_
for N := 0 to Colors - 1 do
begin
palPalentry[N].peRed = pDIBA.bmiColors[N].rgbred;
palPalEntry[N].peGreen := pDIBA.bmiColors[N].rgbGreen;
palPaleEntry[N].peBlue := DIBA.bmicolors[N].rgbBlue;
if (N < 10) or (N > 245) then
]pa1Pa1Entry[N].peF1ags := palSysFlags
else
d palPalentry[N].peFlags := palFlags;
end;
{$R+}
finally
ReleaseDC(Focus, DC);
end;
end;
Result := CreatePalette(DstPalA);
finally
FreeMem(DstPal, Size);
end;

end; {Create_Palette}

/4 tDIB.Create_IdentPal256: returns a handle to the identity palette
of a DIB
function tDIB.Create_IdentPal256(const palFlags : byte): hPalette;
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var
DstPal: PLogPalette;
n: Integer;
Size: Longint;
DC: HDC;
Focus: HWND;
begin
Result := 0;
Size :=
DstPal := AllocMem(Size);
tr

y
Fillchar(DstPalA, Size, 0);
with DstPalA do
begin
palNumentries := 256;
palversion := $300;
Focus := GetFocus;
DC := GetDC(Focus);
{$r-}
try

Ssizeof(TLogPalette) + (256 * Sizeof(TPaletteEntry));

{use the system palette entries for 0-9, and 246-255}
GetSystemPaletteEntries(DC, 0, 10, palpPalEntry);

N := 246;

GetSystemPaletteentries(DC, 246, 10, palPalentry[N]);

{use the entries from 0-236 of the color table and map them

to

entries 10-245 in the new logical palette}

for N := 10 to 245 do
begin
palpPalentry[N].peRed
palpalentry[N].peGreen
palPaleEntry[N].peBlue
palralentry[N].peFlags
end;
finally
ReleaseDC(Focus, DC);
end;
{$rR-}
end;
Result
finally
FreeMem(DstPal, Size);
end;
end; {Create_IdentPal256}

:= CreatePalette(DstPalA)

end.

pDIBA.bmiColors[N-10].rgbRred;
pDIBA.bmiColors[N-10].rgbGreen;
pDIBA.bmiColors[N-10].rgbBlue;

:= palFlags;
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