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Simulation Model of learning to control an Inverted Pendulum

Mr. Pitoon Chaichodanan 1D.45010560
Assist.Prof Dr.Yuddhana Kidchaidiew Advisor

2005

Abstract

This Thesis concern about Iearning of an Inverted Pendulum using Artificial Neural
Network. An unsupervised Network are leam by rewarding and inhibiting the network. Learning
must leam parameter from model of an inverted pendulum that gives the network. The conditions
to balance the Pole is related to balance the Pole for a while.Self-Organzing Feature Map is

clected as artifical neural network due to its strong firing.
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AlCenterDialog.cpp

// AlCentreDlg.cpp : implementation file

7
#include "windows.h"
#include "stdafx.h"”
#include "AlCentre h"
#include "AlICentreDlg.h"
#include "Serial.h"
#include "stdio.h"
#include "math.h"”
#include <string.h>

#ifdef DEBUG

#define new DEBUG _NEW

#undef THIS_FILE

static char THIS FILE[]=_FILE ;

#endif

REAL
INT

#define
#define

#define PolelLenght 100
/f#define  PI

#define Serirl_Port 5
int SerialFlag

int StartFlag

int InitPoleFlag

int FFlag

double Force

double Omega

double
int

3.1428571428571428571428571428571

=O;

ST L T

/{ Pendulum Property

R

#define L 1//.42
#define Mc 1.5/1.5
#tdefine Mp 0.6//.2
#define G 9.81
#define T 0.01

tdefine STEPS 1

/* - length of pole [m] */

/* - mass of cart [kg] */

/* - mass of pole [kg] */
/* - acceleration due to gravity [m/s?] */
/* - time step [s] */

/* - simulation steps in one time step */
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typedef struct { /* STATE VARIABLES OF A POLE: */
REAL X; /* - position of cart [m] */
REAL xDot; /* - velocity of cart [m/s] */
REAL w, /* - angle of pole [°] */
REAL wDot; /* - angular velocity of pole [®/s]  */
REAL F; /* - force applied to cart */
t POLE, /* during current time step [N] */

i

#define FALSE 0
#define TRUE 1
#define NOT !
fidefine AND &&
#define OR I

#define MIN_REAL  -HUGE_VAL
#define MAX_REAL  +HUGE_VAL
fidefine MIN(x,y)  ((x)<(y) 7 (x): (y})
#define MAX(xy) ((x)>(¥) ? (x): (¥))

Hdefine PI (2*asin(1))
#define sqr(x) {(xy*(x))

typedef struct { * A LAYER OF A NET: */
INT Units; /* - number of units in this layer ~ */
REAL* Output; /* - output of ith unit */

REAL** Weight; /* - connection weights to ith unit ¥/
REAL* StepSize;  /* - size of search steps of ith unit  */

REAL* dScoreMean; /* - mean score delta of ith unit */
+ LAYER;
typedef struct { /* A NET: */
LAYER* InputLayer; /* - input layer */
LAYER* KohonenLayer; /* - Kohonen layer */
LAYER* OutputLayer; /* - output layer */
INT Winner; /* - last winner in Kohonen layer */

REAL Alpha; /* - learning rate for Kohonen layer */
REAL Alpha_; /* - learming rate for output layer  */

REAL Alpha ;  /* - learning rate for step sizes */

REAL Gamma; /* - smoothing factor for score deltas */

REAL Sigma; /* - parameter for width of neighborhood */
+ NET,;

N
// Function Decaretion

vold SimulatePole{POLE *Pole);

void InitializePole(POLE* Pole);
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REAL RandomEqualREAL(REAL Low, REAL High);
double ScoreOfPole(POLE* Pole);

BOOL PoleStilIBalanced(POLE* Pole);

REAL RandomNormalREAL(REAL Mu, REAL Sigma);
void InitializeRandoms();
i

#define ROWS 25
#define COLS 25

#define N 2
#define C (ROWS * COLS)
#define M 1

#define TRAIN STEPS 10000
#define BALANCED 100

FILE* f;

void InitializeRandoms()
i

srand(4715),
}

REAL RandomEqualREAL(REAL Low, REAL High)
{

return ((double) rand() / RAND MAX) * (High-Low) + Low;
}

REAL RandomNormalREAL(REAL Mu, REAL Sigma)

{
REAL x,fx;

do {

x = RandomEqualREAL(Mu-3*Sigma, Mu-+3*Sigma);

fx = (1 / (sqrt(2*P1)*Sigma)) * exp(-(x-Mu)*(x-Mu) / (2*(Sigma)*(Sigma)));
} while (fx < RandomEqualREATL(0, 1));
return x;

;

void InitializePole(POLE* Pole)
{
do {

Pole->x =0,
Pole->xDot = 0;
Pole->w = RandomEqualREAL(179,181);
Pole->wDot = 0,
Pole->F =0,
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} while (Pole->w == 0);
}

void SimulatePole(POLE *Pole) {
INT s;
REAL x, xDot, xDotDot,
REAL w, wDot, wDotDot;
REALF;

x = Pole->x;

xDot = Pole->xDot;

w = (Pole->w /180) * PL;
wDot = (Pole->wDot / 180) * PI;
F = Pole->F;

for (s=0; s<STEPS; s++) {

wDotDot = (G*sin(w) + cos(w) * ((-F - Mp*L*(wDot)*(wDot)*sin{w)) /

(Mc+Mp))) /

(L * ((REAL) 4/3 - (Mp*(cos(w))*(cos(w))) / (Mc+Mp)));

xDotDot = (F + Mp*L * ((wDot)*(wDot)*sin(w) - wDotDot*cos(w))) / (Mc+Mp)

x +=(T/STEPS) * xDot;
xDot += (T / STEPS) * xDotDot;
w +=(T/STEPS) * wDot,
wDot += (T / STEPS) * wDotDot;
h
Pole->x =1x;
Pole->xDot = xDot;
Pole->w = (w /PI)* 180,
Pole->wDot = (wDot / PI) * 180;
}

BOOL PoleStillBalanced(POLE* Pole)
{
return (Pole->w >= -60) && (Pole->w <= 60);

j

double ScoreOfPole(POLE* Pole)
{
return -sqr(Pole->w),

j

UINT PendProcess(LLPVOID pParam) {
char stt[50];
int 1=0;,
double Angle=0;,
double XPosition=1;
double wO1id=0;
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double xDotO1d=0;
/f CSerial senal;
CAlCentreDlg *dlg;
dlg = (CAICentreDlg *)pParam,
POLE Pole;
RECT rt;
PAINTSTRUCT ps;
CString str;

HPEN penField, penBk;

penField = CreatePen(0,2, RGB(255,255,255));
penBk = CreatePen(0,0, RGB(0,0,0));
InitializePole(&Pole);

NET Net;
I T
//TrainNet(&Net),
I
while (1) {
CDC *cdc = dig->GetDC();
dig->BeginPaint(&ps);

{
while(StartFlag==1){
// Draw Field
cde->FillSolidRect(10, 10, 550, 470, RGB(0,64,0));
cdc->SelectObject(penField);
// Draw a Rail
rt.left =10+ 30 +245-275;//235

rt.right = 10 + 30+ 245 + 275; /1335
rt.top =10+ 30+ 360-5; {1260
rt.bottom = 10 + 30 + 360 + 5; /160

cdc->Rectangle(&rt);

if(InitPoleFlag==0){
InitializePole(&Pole);
InitPoleFlag=0;

Pole.x = 0;
Pole.w = andomEqualREAL(-1,1);
Pole.xDot = 0;
Pole.wDot = 0;
Pole.F = 0;

InitPoleFlag= 1;

1
cdc->FillSolidRect(10, 10, 550, 480, RGB(0,64,0));

cdc->SelectObject(penField);

ARk Rkt Rk ook ok sk R R R KR HOR K e sk ok ek o ok sk ok ok ko sk ok ek ok sk ok o
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okok sk ok ok b ok oK

Disturb Condition
3k o ke 3 3 3K 3k 3 o s ok sk ok o 2k 2k ok 3 sk ok 3 ok sk ok s ok ke ke o e sk 3k ok 6 she 3 ok ke ke ok ke sk ok ok kK ok ok e o ok sk ok K sk ok ok ok ok

ok ok ok o
if(FFlag==1){ Pole . F=400; FFlag=2; }
if(FFlag==0){ Pole.F=-400; FFlag=2; }

AR o Aok Aok AR AR KR RO R AR K A K R SR R K o K o sk e sk ek ok sk RSl of ke ok
e ke o o 383 oK
Get Pendulum Information
ak o ke ok o 3¢ 3K ok o ok ok 3K o e 3 ke e e e ke b e e sk ok ke i ke ok B¢ o ok o ok o of ke i ok ok ke ke ke e e ofe ek 3 3 S Sk K K sk K SR of sk K e ke ok

*******/

SimulatePole(&Pole);

/**************************************************************
sk ok ok K ok
Scale Value for Display
ok ok ok o ke ok o o e ok sk e ok 35 oK 3 s o o ok 2k 2 bk 2k 2 ok e ok 2k o ok 2k A b ok 3 e e sk o o e o ol s R ok ok o ok sk ok o ok ok e ke kK

*******/

XPosition=100*Pole.x,
Angle=Pole.w;

if(Pole. w>0&&Pole. w<=8 ) {Pole.F=4;}
else if (Pole.w>12 && Pole. w<18 }{Pole.F=20;}
else if (Pole.w>18 && Pole.w<20}{Pole.F=40;}
else if (Pole.w>20 && Pole.w<30){Pole.F=60;}

if(Pole.w<0&&Pole.w=>-4) {Pole F=-4;}
else if (Pole.w<-12&&Pole.w>-18){Pole. F=-20;}
else if (Pole.w<-18 && Pole.w>-20){Pole.F=-40;}
else if (Pole.w<-20 && Pole.w>-30){Pole.F=-60;}

o o o ok o o ook ok o o KR R SR AR R R oK o o o o o o oo o ok o ko
s ke K ok ok ok ok ok

Border Condition
ke ke o sk ok K ok ok e ok ok ok i ok sk ok s e ok ofe o o o s ok sfe ok sk sk 3 e sk oF 31 of 3 e ok sk S ok e ok ok o ok sk e s R ok ke s oK S oK e ke ok ok

ok KK ]
if(Pole.w>359) { Pole.w=0; Pole.xDot=-xDotOld; }
if(Pole.w<-359) { Pole.w=0; Pole.xDot=xDotOld; }
if( XPosition<-160){ XPosition=160,

Pole.x=XPosition/100.0;}
1f( XPosition>160) { XPosition=-160;

Pole.x=XPosition/100.0;}

/{ Draw a Rail

ri.left =10+ 30+ 245-275; /235

rt.right =10 +30+245+275; /335

riop =10+30+360-5; /1260
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rt.bottom = 10 + 30 + 360 + 5; /1160
cdc->Rectangle(&rt);

// End Draw Rail

// Draw A Base
rt.ileft =275-30-(-XPosition);
rt.right= 275+30-(-XPosition);
rt.top = 380;
rt.bottom =400;

cdc->Rectangle(&rt);
Pole.xDot=0.8*Pole.xDot;
Pole.x=0.9*Pole.x;
Pole.wDot=0.993*Pole.wDot;

SimulatePole(&Pole);

// Draw A Pole
cde->MoveTo(275+XPosition,380);
cde->LineTo((275+XPosition)+PoleLenght*sin{P1* Angle/180.00),340+60-

20-PoleLenght*cos(P1* Angle/180));

SimulatePole(&Pole),

dlg->EndPaint(&ps);
dlg->ReleaseDC(cdc),
Pole. F=0;

}
Sleep(15);
}

return O;

'

class CAboutDlg : public CDialog
{
public:
CAboutDIg();
// Dialog Data
1{{AFX_DATA(CAboutDlg)
enum { IDD =1DD_ABOUTBOX };
13y AFX DATA
// ClassWizard generated virtual function overrides
{{AFX_VIRTUAL(C AboutDlg)
protected:
virtual void DoDataExchange(CDataExchange* pDX), // DDX/DDV
support
/1 YAFX _VIRTUAL
/{/ Implementation

protected:
H{{AFX_MSG(CAboutDlg)
IV YAFX MSG
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DECLARE_MESSAGE MAP()
'

CAboutDlg::CAboutDIg() : CDialog(CAboutDlg::1DD)
{

/{{AFX _DATA_ INIT(CAboutDlg)

/3 }AFX _DATA INIT
1

void CAboutDlg::DoDataExchange(CDataExchange* pDX)
{
CDialog::DoDataExchange(pDX);
/1{{AFX_DATA_MAP(CAboutDlg)
I} }AFX_DATA MAP

!

BEGIN MESSAGE_MAP(CAboutDlg, CDialog)
HH{{AFX_MSG_MAP(CAboutDlg)
// No message handlers
/I YAFX_MSG_MAP
END MESSAGE MAP()

e
/{ CAlCentreDlg dialog

CAICentreDlg::CAlCentreDIg(CWnd* pParent /*=NULL*/)
: CDialog(CAICentreDlg::1DD, pParent)
{
THAFX_DATA_INIT(CAICentreDlg)
/f NOTE: the ClassWizard will add member initialization here
/I}YAFX _DATA_INIT
// Note that LoadIcon does not require a subsequent Destroylcon in Win32
m_hlcon = AfxGetApp()->Loadlcon{IDR MAINFRAME);

'

void CAICentreDlg::DoDataExchange(CDataExchange® pDX)
i
CDialog::DoDataExchange(pDX);
I{{AFX DATA_MAP(CAICentreDlg)
// NOTE: the ClassWizard will add DDX and DDV calls here
i1 YAFX_DATA MAP
}

BEGIN MESSAGE MAP(CAICentreDlg, CDialog)
H{{AFX_MSG_MAP(CAICentreDlg}
ON_WM_SYSCOMMANDY()

ON_WM PAINT()
ON WM _QUERYDRAGICON()
ON_BN _CLICKEIXIDOK, OnQk)
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ON_WM MOUSEMOVE()
ON_BN_CLICKED(IDC BUTTONI, OnClickme)
ON_BN_CLICKED(IDC_CHECKI1, OnCheck!1})
ON WM_LBUTTONDOWN()
ON_BN_CLICKED(IDC_BUTTON2, OnStart)
ON_ BN _CLICKED(IDC BUTTON3, OnlnitPole}
ON BN _CLICKED(IDC BUTTON4, OnSeriall)
ON_BN_CLICKED(IDC_BUTTONS, OnCSerial)
/1Y AFX_MSG_MAP

END MESSAGE_MAP()

e
/! CAlCentreDlg message handlers

BOOL CAIlCentreDlg::OnlnitDialog()

CDialog::OnImtDialog();
// Add "About..." menu item to system menu.

// IDM_ABOUTBOX must be in the system command range.
ASSERT((IDM_ABOUTBOX & 0xFFF0) == IDM_ABOUTBOX);
ASSERT(IDM ABOUTBOX < 0xF000),

CMenu* pSysMenu = GetSystemMenu(FALSE);
if (pSysMenu !=NULL)
{
CString strAboutMenu;
strAboutMenu.LoadString(IDS_ABOUTBOX);
if (IstrAboutMenu.IsEmpty())
{
pSysMenu->AppendMenu(MF_SEPARATOR);
pSysMenu->AppendMenu(MF_STRING, IDM_ABOUTBOX,

strAboutMenu);

H
}

// Set the icon for this dialog. The framework does this automatically
// when the application's main window is not a dialog
Setlcon(m_hlcon, TRUE); // Set big icon
Setlcon(m_hlcon, FALSE); // Set small icon

// TODQ: Add extra initialization here
//INET* Net;

AfxBeginThread(PendProcess, this);

return TRUE; // return TRUE unless you set the focus to a control

void CAlCentreDlg::OnSysCommand(UINT nID, LPARAM |Param)
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if ((nID & OxFFF0) = IDM_ABOUTBOX)

! CAboutDlg digAbout;
dlgAbout.DoModal();

}

else

{

CDialog::OnSysCommand(nID, IParam);
t

// If you add a minimize button to your dialog, you will need the code below
// to draw the icon. For MFC applications using the document/view model,
// this is automatically done for you by the framework.
void CAICentreDlg::OnPaint(}
{
1f (IsIconic())
{
CPaintDC dc(this); // device context for painting
SendMessage(WM_ICONERASEBKGND, (WPARAM)
dc.GetSafeHdc(), 0);
/f Center icon in client rectangle
int cxIcon = GetSystemMetrics(SM_CXICON);
int cylcon = GetSystemMetrics(SM_CYICON);
CRect rect;
GetClientRect(&rect),
int x = (rect. Width() - cxIcon + 1}/ 2;
int y = (rect.Height() - cylcon + 1) / 2;
dc.Drawlcon(x, y, m_hlcon),

CDialog::OnPaint();

// The system calls this to obtain the cursor to display while the user drags
// the mimimized window.
HCURSOR CAICentreDlg::OnQueryDraglcon()}
!
return (HCURSOR) m hlcon;

§

void CAlCentreDlg::OnClickme()

|
/f TODO: Add your control notification handler code here

exit(0);
}

void CAICentreDlg::OnOk()
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d
// TODO: Add your control notification handler code here

f

void CAICentreDlg::OnMouseMove(UINT nFlags, CPoint point)
|

}
void CAlCentreDlg::OnCheck1()

{

// TODO: Add your message handler code here and/or call default

// TODO: Add your control notification handler code here

if CSerial serial;

// if (serial.Open(Serirl_Port, 38400))

/i AfxMessageBox("Port opened successfully”);
/i else

// AfxMessageBox("Failed to open port!");

void CAlCentreDlg::OnLButtonDown(UINT nFlags, CPoint point})

{
/{ TODO: Add your message handler code here and/or call default
//CDialog::OnLButtonDown(nFlags, point);

¥

void CATCentreDlg::OnStart()

1
// TODQ: Add your control notification handler code here

StartFlag—-StartFlag;

}

void CAlICentreDlg::OnlInitPole()
{

// TODQO: Add your control notification handler code here
InitPoleFlag=0;

j

void CAlCentreDlg::OnSerial ()

{
// TODO: Add your control notification handler code here
FFlag=1,

y

void CAICentreDlg::OnCSerial()

{
/f TODO: Add your control notification handler code here

FFlag=0,
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AlCenter.cpp

it AlCentre.cpp : Defines the class behaviors for the application.
i

#include "stdafx.h"
#include "AlCentre.h"”
#include "AlCentreDlg.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[]=_ FILE ;
#endif

i
// CAlCentreApp

BEGIN MESSAGE_MAP(CAICentreApp, CWinApp)
HH{{AFX MSG MAP(CAICentreApp)
// NOTE - the ClassWizard will add and remove mapping macros here.
// DO NOT EDIT what you see in these blocks of generated code!
1/} }AFX _MSG
ON_COMMAND(ID_HELP, CWinApp::OnHelp)
END MESSAGE MAP()

L i
i/ CAICentre App construction

CAlCentreApp::CAICentre App()

{
/{ TODQ: add construction code here,

// Place all significant initialization in Initlnstance

i

I
// The one and only CAICentre App object

CAlCentreApp the App,

e
// CAICentre App initialization

BOOL CAICentre App::InitInstance()

i
if (1AfxSocketlnit())

{
AfxMessageBox(IDP SOCKETS_INIT_FAILED);
return FALSE;
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AfxEnableControlContainer();

#ifdef AFXDLL

Enable3dControls(); // Call this when using MFC in a shared
DLL
ftelse

Enable3dControlsStatic();  // Call this when linking to MFC statically
#tendif

CAICentreDlg dlg;
m_pMainWnd = &dlg;
int nResponse = dlg.DoModal();
if (nResponse == IDOK)
{
/ TODQ: Place code here to handle when the dialog is
/! dismissed with OK

}

else if (nResponse == IDCANCEL)

{
// TODO: Place code here to handle when the dialog is
/! dismissed with Cancel

1

// Since the dialog has been closed, return FALSE so that we exit the
/{ application, rather than start the application's message pump.
retumm FALSE,



68

Serial.cpp
// Serial.cpp

#include "stdafx.h"
#include "Serial. h"

CSerial::CSerial()
{

memset( &m_OverlappedRead, 0, sizeof( OVERLAPPED ) ),
memset{ &m_OverlappedWrite, 0, sizeof( OVERLAPPED ) );
m_hIDComDev = NULL,

m_bOpened = FALSE;

‘r

CSerial::~CSerial()
{

Close();

'

BOOIL. CSerial::Open( int nPort, int nBaud )
!

if( m_bOpened ) return( TRUE );

char szPort[15];
char szComParams[50];
DCB dcb;

wsprintf{ szPort, "COM%d", nPort );

m_hIDComDev = CreateFile( szPort, GENERIC_READ |
GENERIC_WRITE, 0, NULL, OPEN_EXISTING, FILE ATTRIBUTE NORMAL |
FILE FLAG OVERLAPPED, NULL );

if( m_hiDComDev == NULL ) return{ FALSE );

memset{ &m_OverlappedRead, 0, sizeof{l OVERLAPPED ) );
memset{ &m_QOverlappedWrite, 0, sizeof( OVERLAPPED ) );

COMMTIMEQUTS CommTimeOuts;
CommTimeQuts.ReadInterval Timeout = OxFFFFFFFF,
CommTimeOQOuts.ReadTotalTimeoutMultiplier = 0;
CommTimeQuts.ReadTotalTimeoutConstant = 0;
CommTimeOuts. WriteTotal TimeoutMultiplier = 0;
CommTimeOuts. WriteTotal TimeoutConstant = 5000;
SetCommTimeouts( m_hIDComDev, &CommTimeOuts );

wsprintf( szComParams, "COM%d:%d,n,8,1", nPort, nBaud ),
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m_QverlappedRead.hEvent = CreateEvent( NULL, TRUE, FALSE, NULL };
m_OverlappedWrite.hEvent = CreateEvent( NULL, TRUE, FALSE, NULL );

dcb.DCBlength = sizeof{ DCB ),
GetCommState( m_hIDComDev, &dcb );
dcb.BaudRate = nBaud;
deb.ByteSize = 8;
unsigned char ucSet;
ucSet = (unsigned char) ( (FC_RTSCTS & FC_DTRDSR ) |=0);
ucSet = (unsigned char) ( (FC_RTSCTS & FC_RTSCTS ) =0,
ucSet = (unsigned char) ( (FC_RTSCTS & FC_XONXOFF ) |= 0 ),
if( !SetCommState{ m_hIDComDev, &dcb ) |!
'SetupComm( m_hIDComDev, 10000, 10000 ) {|
m_OverlappedRead hEvent == NULL ||
m_OverlappedWrite.hEvent == NULL ){
DWORD dwError = GetLastError();
if( m_OverlappedRead hEvent !'= NULL ) CloseHandle(
m_OverlappedRead.hEvent ),
if{ m_OverlappedWrite.hEvent != NULL ) CloseHandle(
m_QOverlapped Write hEvent );
CloseHandle{ m_hIDComDev );
return( FALSE );

}
m_bOpened = TRUE;
return{ m_bOpened );

}

BOOL CSenal::Close( void )
{

if( 'm_bOpened || m_hIDComDev == NULL ) return{ TRUE );

if( m_OverlappedRead.hEvent = NULL ) CloseHandle(
m_QOverlappedRead.hEvent );

if{ m_OverlappedWrite.hEvent 1= NULL ) CloseHandle(
m_OverlappedWrite.hEvent );

CloseHandle( m_hIDComDev ),

m_bOpened = FALSE;

m_hIDComDev = NULL;

return( TRUE );

j

BOOL CSerial:: WritecCommB yte( unsigned char ucByte )
!
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BOOL bWriteStat;
DWORD dwBytesWritten,;

bWriteStat = WriteFile( m_hIDComDeyv, (LPSTR) &ucByte, 1,
&dwBytesWritten, &m_0Overlapped Write );
if( 'bWriteStat & & ( GetLastError() == ERROR_IO_PENDING ) ){
if( WaitForSingleObject( m_OverlappedWrite.hEvent, 1000 ) )
dwBytesWritten = 0;
clsef
GetOverlappedResult{ m_hIDComDev, &m_OverlappedWrite,

&dwBytesWritten, FALSE );
m_OverlappedWrite.Offset += dwBytesWritten;

t
}

return{ TRUE );

}

int CSerial::SendData( const char *buffer, int size )

{

if( !'m bOpened {| m_hIDComDev == NULL } return( 0 );
DWORD dwBytesWritten = 0,
int i,
for( 1=0; i<size; i++ ){
WriteCommByte( buffer[i] );
dwBytesWritten++;

}

return{ (int) dwBytesWritten );

j

int CSerial::ReadDataWaiting( void )
{

if( !'m bOpened || m_hIDComDev == NULL ) return( 0 };

DWORD dwErrorFlags;
COMSTAT ComStat;

ClearCommError{ m hIDComDev, &dwErrorFlags, &ComStat );
return{ (int) ComStat.cbInQue ),

}

int CSerial::ReadData( void *buffer, int limit )
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if( 'm_bOpened || m_hIDComDev == NULL ) return( 0 );

BOOL bReadStatus;
DWORD dwBytesRead, dwErrorFlags;
COMSTAT ComStat,

ClearCommError{ m hIDComDev, &dwErrorFlags, &ComStat );
if( 'ComStat.cbInQue ) return( 0 );

dwBytesRead = (DWORD) ComStat.cbinQue;
if( limit < (int) dwBytesRead ) dwBytesRead = (DWORD) limit;

bReadStatus = ReadFile( m_hIDComDeyv, buffer, dwBytesRead,
&dwBytesRead, &m_OverlappedRead );
if( 'bReadStatus ){
if{ GetLastError() == ERROR_10_PENDING ){
WaitForSingleObject{ m_OverlappedRead.hEvent, 2000 );
return( (int) dwBytesRead );
b
return( 0 );

}

return( (int) dwBytesRead );
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HMARNHIN U

Som.Cpp

#include <time.h>
#include <stdlib.h>
#include <stdio.h>
#include <math.h>
#include <graphics.h>
#include <dos.h>s

typedef int BOOL;
typedef int INT;
typedef double REAL;

#define FALSE 0
#define TRUE 1
#define NOT !
#define AND &&
#define OR I

#4define MIN. REAL  -HUGE_VAL
#define MAX REAL  +HUGE VAL
#define MIN(x,y)  ((x)<(y) ? (x) : (¥})
#define MAX(x,y)  ((x)>(y) ? (x) : (¥))

#define PI (2*asin(1))
#define sqr(x) ((x)*(x))

#tdefine PoleLenght 100
#define XConstance 10

#define RailHight 20
#define CartHight 20
#define CartWidth 40
#define DelayConstance 80

FILE* f;

time_t first, second;

typedef struct { * A LAYER OF A NET: */
INT Units; /* - number of units in this layer ~ */
REAL* Output; /* - output of ith unit */
REAL** Weight; /* - connection weights to ith unit ~ */
REAL* StepSize,  /* - size of search steps of ith unit ¥/
REAL* dScoreMean; /* - mean score delta of ith unit */

¢t LAYER;

typedef struct { /* ANET: */
LAYER* InputLayer; /* - input layer */
LAYER* KohonenLayer; /* - Kohonen layer */
LAYER* OutputLayer; /* - output layer */
INT Winner;, /* - last winner in Kohonen layer */
REAL Alpha; /* - learning rate for Kohonen layer */
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REAL Alpha ; /* - learning rate for output layer  */
REAL Alpha ;  /*-learning rate for step sizes */
REAL Gamma,; /* - smoothing factor for score deltas */

REAL Sigma; /* - parameter for width of neighborhood */
} NET;

char Stt1[80],Stt2[80],Stt3[40];
char FallTimer[80];
float XPlotDistance;
int  SuccessCounter=0;
void InitGraph() {
int gdriver = DETECT, gmode, errorcode;
/f int left, top, right, bottom;

initgraph(&gdriver, &gmode, "");

errorcode = graphresult();
if (errorcode != grOk) /* an error occurred */
{
printf{" Graphics error: %s\n", grapherrormsg(crrorcode)),
printf{"Press any key to halt:");
getch);
exit(1);
h

v
void Draw(double XPosition,double Angle,char stt[20]){

double OldXPosition,OldAngle;

double OldCartWidth,OldCartHight,OldPoleLenght,OldRailHight;
setcolor(15);

OldXPosition = XPosition;

OldAngle = Angle;

XPosition=getmaxx()/2-Cart Width/2+XPosition;
// if{XPosition>getmaxx()){ XPosition=0;}
// tf(XPosition<0) { XPosition=getmaxx(); }
// Draw a Cart and Pole
rectangle(1,getmaxy()-RailHight,getmaxx()-1,getmaxy()-1);
//Draw A Rail
rectangle(XPosition,getmaxy()-RailHight-
CartHight,XPosition+CartWidth,getmaxy()-CartHight);
A Cart
moveto( XPosition+Cart Width/2.0,getmax y()-RailHight-CartHight);
/{Draw A Pole

/Draw

lineto(XPosition+Cart Width/2.0+PoleLenght*sin(P1* Angle/180.0),getmaxy()-

RailHight-CartHight-PoleLenght*cos(PI*Angle/180.0)); //Draw A Pole

outtextxy(10,getmaxy()-10,stt);
outtextxy(I,1,FallTimer);
outtextxy(1,20,Stt1);
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outtextxy(1,30,Stt2);
outtextxy(1,40,5tt3);

delay(DelayConstance-60),

//Clear a cart and Pole
setcolor(0);
OldXPosition=getmaxx()/2-CartWidth/2+0OldXPosition;
rectangle(1,getmaxy()-RailHight,getmaxx()-1,getmaxy()-1);
//Draw A Rail
rectangle(Old X Position,getmaxy()-RailHight-
CartHight,0ldXPosition+CartWidth,getmaxy()-CartHight),
//Draw A Cart
moveto(OldXPosition+CartWidth/2.0,getmaxy()-RailHight-CartHight);
//Draw A Pole

lineto( OldXPosition+CartWidth/2.0+PoleLenght*sin(PI*Old Angle/180.0),getmax y()-
RailHight-CartHight-PoleLenght*cos(PI*OldAngle/180.0)); //Draw A Pole

outtextx y(10,getmaxy()-10,stt);

outtextxy(1,1,FallTimer);

outtextxy(1,20,5it1);

outtextxy(1,30,Stt2),

outtextxy(1,40,5tt3);
// getch();

// cleardevice();

'

void ThetaGraph(double xDot, double wDot){
int YConst=0;
XPlotDistance=XPlotDistance+0.05;
setviewport(10,10, getmaxx()-10,getmaxy()/5,1);
rectangle(1,1,getmaxx()-20,getmaxy()/5-12);
line(1,Y Const+(getmaxy()/5-12)/2.0,getmaxx()-20,(getmaxy{)/5-12)/2.0);
// 1f(wDot>2000){ Y Const+20;}
putpixel(XPlotDistance,(getmaxy()/5-12)/2.0+wDot/5.0,4);
putpixel(XPlotDistance,(getmaxy()/5-12)/2.0+xDot*5,5);

setviewport(0,0,getmaxx(),getmaxy(),1);
/f fprintf(f,"%lIf %1f\n",x Dot,wDot);
/fcleardevice();

/f closegraph();

j
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void InitializeRandoms()

!
srand(4715);

'

REAL RandomEqualREAL(REAL Low, REAL High)

!
return ((REAL) rand() / RAND_MAX) * (High-Low) + Low;

|

REAL RandomNormalREAL(REAL Mu, REAL Sigma)

{
REAL x,fx;

do {

x = RandomEqualREAL(Mu-3*Sigma, Mu+3*Sigma);

fx = (1/ (sqrt(2*PT)*Sigma)) * exp(-sqr(x-Mu) / (2*sqr(Sigma)));
4 while (fx < RandomEqualREAL(0, 1));
return x;

|
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#define ROWS 30
#define COLS 30

#define N 2
#define C (ROWS * COLS)
#define M 1 /1

#define TRAIN STEPS 10000
#define BALANCED 1000

void Initialize Application(NET* Net)

!
INT i;

for (i=0; i<Net->KohonenLayer->Units; i++) {
Net->KohonenlLayer->StepSize[i] = 1;
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Net->KohonenLayer->dScoreMean(1] = 0;
}
f= fopen("xwdot.txt", "w"},

}

void WriteNet(NET* Net)
1

INT r.c;

REALX,y,z;

fprintf(f, "\n\n\n");
for (r=0; r<ROWS; r++) {
for (¢=0; c<COLS; c++) ¢
x = Net->KohonenLayer->Weight[*ROWS+¢][0];
y= Net->KohonenLayer->Weight[r*ROWS+c][1];
z = Net->OutputLayer->Weight[0][T*ROWS+c];
forintf(f, "([%5.1f°, %5.1f°], %5.1IN) ", x, v, 2);
}
fprintf(f, "\n");
h
f

void FinalizeApplication(NET* Net)

t
fclose(D);

|
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e sh koK ok ok 3 ke o oo o o oK ke o o o o oK ok o ok ook ook b ok ok o s e s ook o ok ook o ok ok ook el s ol ok o ook ok ok ok ok Ok ook

ok gk Kk kK
/* SIMULATION PARAMETERS FOR THE

POLE: */
#define L 1.2//1 /* - length of pole [m] */
#define Mc 1.5//1 /* - mass of cart [kg] */
#define Mp 0.6//1 /* - mass of pole [kg] */
#define G 9.81 /* - acceleration due to gravity [m/s?] */
#define T 0.1 /* - time step [s] */
#define STEPS 10 /* - simulation steps in one time step */
typedef struct { /* STATE VARIABLES OF A POLE: */

REAL X, /* - posttion of cart [m] */

REAL xDot; /* - velocity of cart [m/s] */
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REAL w; /* - angle of pole [°] */
REAL wDot; /* - angular velocity of pole [®/s] ¥/
REAL F; /* - force applied to cart */

t POLE; /* during current time step [N] */

void InitializePole(POLE* Pole)
{
do {
Pole->x =10,
Pole->xDot = 0;
Pole->w = RandomEqualREAL(-1,1);
Pole->wDot = 0,
Pole->F =0,
+ while (Pole->w == 0);
}

void SimulatePole(POLE* Pole)
{
INT s;
REAL x, xDot, xDotDot;
REAL w, wDot, wDotDot,
REALF;

x = Pole->x;

xDot = Pole->xDot;

w = (Pole->w /180) * PI,
wDot = (Pole->wDot / 180) * PI,
F =Pole->F;

for (s=0; s<STEPS; s++) {

wDotDot = (G*sin(w) + cos(w) * ((-F - Mp*L*sqr(wDot)*sin(w}) / (Mc+Mp))) /
(L. * ((REAL) 4/3 - (Mp*sqr(cos(w))) / Mc+Mp))})

xDotDot = (F + Mp*L * (sqr(wDot)*sin(w) - wDotDot*cos(w))) / (Mc+Mp),

x +=(T/STEPS) * xDot;
xDot += (T / STEPS) * xDotDot;
w +=(T/STEPS) * wDot;
wDot += (T / STEPS) * wDotDot;
}
Pole->x =x;
Pole->xDot = xDot;
Pole->w =(w /PI)* 180;
Pole->wDot = (wDot / PI) * 180;

BOOL PoleStillBalanced(POLE* Pole)
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{
return (Pole->w >= -60) AND (Pole->w <= 60),

}

REAL ScoreOfPole(POLE* Pole)
!
return -sqr(Pole->w);

i
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void GenerateNetwork(NET* Net)

{
INT i;

Net->InputLayer =(LAYER*) malloc(sizeof{ LAYER)},
Net->KohonenLayer = (LAYER*) malloc(sizeof{ LAYER));
Net->OutputLayer = (LAYER¥*) malloc(sizeof(LAYER)),

Net->InputLayer->Units =N;
Net->InputLayer->Output = (REAL*) calloc(N, sizeof(REAL));

Net->KohonenLayer->Units =,

Net->KohonenLayer->Qutput = (REAL*) calloc(C, sizeof(REAL));
Net->KohonenLayer->Weight = (REAL**) calloc(C, sizeof(REAL*));
Net->KohonenLayer->StepSize = (REAL*) calloc(C, sizeoffREALY));
Net->KohonenLayer->dScoreMean = (REAL*} calloc(C, sizeof(REAL));

Net->QutputLayer->Units = M;
Net->OutputLayer->Output = (REAL*)} calloc(M, sizeof(REAL));
Net->OutputLayer->Weight = (REAL**) calloc(M, sizeof(REAL*));

for (1=0; 1<C, 1++) {
Net->KohonenLayer->Weight[i] = (REAL*) calloc(N, sizeof(REAL));
1
for (1=0; i<M, i++) {
Net->OutputLayer->Weight[i] = (REAL*) calloc(C, sizeof(REAL));
1
}

void RandomWeights(NET* Net)
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{
INT 1,j;

for (i=0; i<Net->KohonenLayer->Units; i++) {
for (j=0; j<Net->InputLayer->Units; j++) {
Net->KohonenLayer->Weight[i][j] = RandomEqualREAL(-30, 30);
'
!
for (i=0; i<Net->QutputLayer->Units; i++} {
for (j=0; j<Net->KohonenLayer->Units; j++) {
Net->QutputLayer->Weight[1][j] = 0;
}
}
H

void Setnput(NET* Net, REAL* Input)

{
INT 1;

for (i=0, i<Net->InputLayer->Units; 1++) {
Net->InputLayer->Qutput[i] = Input[i];
}
!

void GetOutput(NET* Net, REAL* QOutput)

{
INT i1;

for (1=0; 1<Net->QutputLayer->Units; 1++) {
Output[i] = Net->QutputLayer->Output|i];
!
E
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void PropagateToKohonen(NET* Net)
{

INT 1,

REAL Out, Weight, Sum, MinOut;

for (i=0; i<Net->KohonenLayer->Units; i++) {
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Sum = 0;
for (j=0; j<Net->InputLayer->Units; j++) {
Out = Net->InputLayer->Output[j];
Weight = Net->KohonenLayer->Weight[i][j];
Sum += sqr(Out - Weight);
i
Net->KohonenLayer->Outputfi] = sqrt(Sum);
}
MinQOut = MAX REAL,;
for (i=0; i<Net->KohonenLayer->Units; i++) {
if (Net-»KohonenLayer->Output[i] < MinQOut})
MinOut = Net->KohonenLayer->Qutput|{Net->Winner = 1];
1
}

void PropagateToOutput(NET* Net)

{
INT 1,

for (i=0; i<Net->OutputLayer->Units; i++) {
Net->QutputLayer->Output[i} = Net->OutputLayer->Weight[i1][Net->Winner];
}
i

void PropagateNet(NET* Net)
{
PropagateToKohonen(Net);
PropagateToOutput(Net);
H
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REAL Neighborhood(NET* Net, INT i)

{
INT iRow, iCol, jRow, jCol;
REAL Distance;

iRow =1/ COLS; jRow = Net->Winner / COLS;
iCol =i % COLS; jCol = Net->Winner % COLS;

Distance = sqrt(sqr(iRow-jRow} + sqr(iCol-jCol));



gl

return exp(-sqr{Distance} / (2*sqr(Net->Sigma)));
!

void TrainKohonen{NET* Net, REAL* Input)
{

INT 1,;

REAL Out, Weight, Lambda, StepSize;

for (1=0; i<Net->KohonenLayer->Units; 1++) {
for (j=0, j<Net->InputLayer->Units; j++) {
Out = Input[j];
Weight = Net->KohonenLayer->Weight[1][}];
Lambda = Neighborhood(Net, 1);
Net->KohonenLayer->Weight[i][j] += Net->Alpha * Lambda * (Out - Weight);
}
StepSize = Net->KohonenLayer->StepSize([1];
Net->KohonenLayer->StepSize[i] += Net->Alpha__ * Lambda * -StepSize;

}
f

void TrainQutput(NET* Net, REAL* Output)
!

INT i,);

REAL OQOut, Weight, Lambda;

for (i=0; i<Net->QutputLayer->Units; i++) {
for (j=0,; j<Net->KohonenLayer->Units; j++) {
QOut = Qutputfi];
Weight = Net->OutputLayer->Weight[i][j];
Lambda = Neighborhood(Net, j);
Net->QutputLayer->Weight[1][j] += Net->Alpha_ * Lambda * (Out - Weight);
}
!
}

void TrainUnits(NET* Net, REAL* Input, REAL* QOutput)
d

TrainKohonen(Net, Input);

TrainOutput(Net, Output);

f

void TrainNet(NET* Net)
4

INT n.t;

POLE Pole;
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REAL wOld, wNew, ScoreQld, ScoreNew, dScore, dScoreMean, StepSize;
REAL Input[N];

REAL Output[M];

REAL Target[M];

double StartTime,StopTime;
struct dostime_{ tt;

char Stt[100];

char ch;

n=0;

/! dos_pgettime(&t);

while (n<TRAIN STEPS) {
// first = time(NULL); /* Gets system
/- time */

t=20;
InitializePole{ & Pole);

wOld = Pole.w;

ScoreOld = ScoreOfPole(&Pole);
SimulatePole(&Pole);

wNew = Pole.w;

ScoreNew = ScoreQfPole(&Pole);
while (PoleStillBalanced(&Pole) AND (t<BALANCED)) {

_dos_gettime(&tt);
StartTime=tt.hsecond;

n++;
t++;

Net->Alpha = 0.5 * pow(0.01, (REAL) n/ TRAIN_STEPS);
Net->Alpha_ = 0.5 * pow(0.01, (REAL) n/ TRAIN_STEPS);
Net->Alpha__ = 0.005;

Net->Gamma = 0.05;

Net->Sigma = 6.0 * pow(0.2, (REAL) n/ TRAIN_STEPS);
Input[0] =wOld;

Input[1] = wNew;

Setlnput(Net, Input);

PropagateNet(Nct);

GetOutput(Net, Output);

Pole. F = Output[0];

StepSize = Net->KohonenLayer->StepSize[Net->Winner];
Pole F  += StepSize * RandomNormalREAL(0, 10);

sprintf(Stt,"Neural Network Control An Inverted Pendulum.Iteration=%5.2d (ESC

Exit) ",n);
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/1 fprintf(f,"%d\n",n);
Draw(Pole.x*XConstance,Pole.w,Stt);
// ThetaGraph(Pole.xDot,Pole.wDot);

Pole.xDot = 0.94*Pole.xDot;

Pole.w = (.96*Pole.w;

wOild = Pole.w;

ScoreOld = ScoreOfPole(&Pole);
SimulatePole(&Poie);

wNew = Pole.w;

ScoreNew = ScoreOfPole(&Pole);
dScore = ScoreNew - ScoreOld;

dScoreMean = Net->KohonenLayer->dScoreMean[Net->Winner];
sprintf(Stt1,"Pole's Angle(Degree) : %5.4f",Pole.w);

sprintf{Stt2,"Force (N}  :%5.41" Pole.F);

while(kbhit(})){
ch=getch();
switch(ch){
case 27:
closegraph();
FinalizeApplication{&Net);
exit(0);
break;
}
1

if (dScore > dScoreMean) {
Target[0] = Pole.F,
TrainUnits(Net, Input, Target);
i
Net->KohonenLayer->dScoreMean[Net->Winner| += Net->Gamma * (dScore -
dScoreMean);

j

if (PoleStillBalanced(&Pole)){
sprintf(FallTimer, "Pole still balanced after %0.1{s", t * T);

SuccessCounter++;
sprintf(Stt3,"%d",SuccessCounter);
sprintf(Stt3,"Success %%4d",SuccessCounter);
i
else{
sprintf(FallTimer, "Pole fallen after %0.1fs", (t+1) * T);
/{SuccessCounter++;
sprintf(Stt3,"Success :%4d",SuccessCounter);

h
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//_dos_gettime(&itt);
// StopTime=tt.hsecond,;
i/ sprintf(Stt3,"Difftime=%f",StopTime-StartTime),

!

;
i
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int main()

i
nt 1,

NET Net;

/- ImitGraph();

/1 for (i=getmaxx();1>0;1--) {

// Draw(320,0,"a");

/7 delay(1);

/1 geteh();

/fcleardevice();

/o

geteh();

/f=fopen("xwdotlog.txt","+w"),
InitializeRandoms();

// printf("Init Random Finish\n");
GeneratcNetwork(&Net);

// printf{" Generate Network Finish'n");
RandomWeights(&Net);

// printf("Random Weight Finish'n");
Initialize Application(&Net);

// printf("Init Application Finish\n"),
printf("Init Graphs Finish\n");
InitGraph();

TrainNet(&Net);
getch();

/1 WriteNet(&Net);
FinalizeApplication(&Net);



Main()

‘ Start |

InitializeRandoms();

h 4

GenerateNetwork(&Net);

RandomWeights(&Net);

h 4

Initialize Application(&Net);

¥

TrainNet(&Net);

WriteNet(&Net);

y

FinalizeApplication(&Net);

End

Initialize Application(&Net)

f Initialize Application(&Net) ;J

Y

§1auspu i piddnndszrmdioy

(unitmioly

:

Net->KohonenLayer->StepSize[i] = [;
Net->KohonenLayer->dScoreMean(i] = 0;

FEnd

[ GenerateNetwork(NET* Net) ]

» 1
vauiloRvasunaz Unit luusds Layer sy

Y
End



[ PropagateNet(NET* Net) ]

y

PropagateToKohonen(Net);

Propagate ToOutput(Net);

End

(TrainKohonen(NET* Net, REAL* Input) }

bt

A

Weight = Net->KohonenLayer->Weight[i][j];

y

L.ambda = Neighborhood(Net, 1);

h 4

Net->KohonenlLayer->Weight[i][j] += Net->Alpha * Lambda * (Out - Weight),

j=tmau Unit u Input Layer 3ol

Y

A

StepSize = Net->KohonenLayer->StepSize[i];
Net->KohonenLayer->StepSize[i] += Net->Alpha__ * Lambda * -StepSize;

i=$2u Unit Tu konenLayer w¥a %l




[ TrainOutput{NET* Net, REAL* Output) J

4
.
L

h 4

Out = Output[i];

Weight = Net->OutputLayer->Weight[i][j];
Lambda = Neighborhood(Net, j);
Net->OutputLayer->Weight[i]{j] += Net->Alpha_* Lambda * (Out - Wgig ht);

WuA j sunsziamifuiuau Unit

1u Kohonen Layer

grua 1 sunsgianidiuau Unit

1u output Layer

)

[ TrainUnits(NET* Net, REAL* Input, REAL* Outputl]

v

TrainKohonen(Net, Input);

A

TrainOutput(Net, Output),

End
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Eﬂﬁ 2.8 LAAIAIBY19UDY Function Approximation Network
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w, —10
1 1 1 i
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wu=1 . w,=1 (2.37)

' Qv a [ I 1 ' o
Tn39018A9317 2.15 szmovauod Auiana q munguaumsi 2.511iu
w e d 1 - A o ] 1

ANUAUHUT TEHIUDINA 2 ABDUWA p “ﬁﬂhﬂ?ﬂgiﬂ“ﬂ?ﬂ[-z 2] Nﬁﬂ@ﬂﬁuﬂﬁﬂﬁ$ﬂaﬂﬁﬂﬂ

3 - 1 < o . . 3/ ~ 3 [y
ADVUADUAD NTADUTBIRONINTU log-sigmoid 1ulaseaivlszammeutuusn 135y

1 2

Munadwlisg 4 vaelaseviseedsusUsaazfunis vowwazduasudmyainay

: A [} 1 =]
vagruanudaliavna lasauioily o

n::w:lp +b:=0=>p =L.'=:-1~Q~=1 (2.38)
‘ Wi _10
n=wap +h.=0=>p = bf =10 _, (2.39)

W?J - 1 0



12

S 1 ! A
25 ’Jﬁqufn‘iﬂi%ﬂ]ﬂﬂ]‘l]ﬂﬂ

' = 9 LY T = t i 7 4
ﬂ]ﬁﬂigﬁnﬂﬂ’lﬂﬂﬂﬁlﬂﬁﬁﬁuﬂﬁ X NUANRAY g WA mtﬁmmummgm O"'llh-‘lfﬂ'i

nszowvaendu 1 lwFwada

B RS

— A3

U7 2.9 uamamsnIzoRvesdin ey

~Ge=p)?

1 8
e i (2.40)
o2

dioa1wed x melulamu (—oo,0)
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1 1 . 3 o 1 3 o ar 1 1 ] = roe = el
nmsguamvoaihminuazagnnlddmiumsqumvsasdldivnudaa ludu 10 Tadu
2.6 Tﬂﬂﬁ%’mmu‘lﬁﬁﬁmmu (Unsupervise Network)

2.6.1 jﬂ‘Nﬁ‘?N‘i’J!J!L‘].I“].IQ'liJ(SimpIe Asscociatice Network)
Y 1
MInsEAuLaznIsibIn1a1e 4 Heenuianlassigldszam Taons Tunudiag
] ﬂ'. = r W dy
ey Insstadenasui lasaviuastl
I o« = o &
ﬂ'llf]’lﬂ?‘!ﬂ a ‘ﬂﬂ@ﬂllﬁ]"lﬂﬁﬂﬂsh‘u
a = hardlim{wp +b) (241)
a = hardlim(wp —0.5) (2.42)

= 1 9 rei
weiictaen fa 0 uaz 1 unuszuy dnsnszdu uag Tulinsnasdu

{1, stimulus }
= (2.43)

0, noresponse
2.6.2 N§)v841 Kohonen ( Kohonen Rule)
] 1 a e y a o =& 3

Taseasednuuvuedlnsaiiplszenmiisy FEn55 0191910 T ousInd e
Qs 9 a2 & A ar dy
ﬂ“lJTﬂiﬁ?fi'N“ﬂLﬂuEmU Instar WIUTUNITAIU

@)= wlg-D+a(plg)- wg-1)) ,ie X(q) (2.44)
F
o a as . o ey o oar

NHUDI Kohonen aw1sau§uimiiniweight ) a1y ninmosaunnldidiiununs
= 1 3 Eb ] =1 LY 1 Y =
Foutuee a1y 43613910 g Insar MaSouias lifannemymvolazee diafin
o 1Y 9 @ r 3 9 t =1 & ] n‘: as n’/’
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P 4 ,
$@109 Kohonen A8 munsonldouion1a'ld deozidluilse lowdluinsaiin

sz mNBUIDY Self-Organized Feture Map

2.7 Self-Organizing Feture Map
o = 2 e ] a o

TassadveanisiiaeanganisnvesdailiFin Tae luflduuuy fld Talszgnd n1s
o 1 (=] =) [ ao as
wavede hidluFadudwitmstlounduuuy  on-center / off-surround  91NNQUDY
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Py B @ e = v dca. . s 3 L] A i = [
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AunIY

g = wlg =1 +a(plg)-,wg-1) (2.45)
=(1-a) w(g-1)+ap(g) (2.46)

2.7.1 Competitive Layer
¥ ¥ 1
Tnsehoriativziinisnszquineuazdadslnswienndinogsou q Tuis o

o) w o o 1 =]
EﬂUﬁﬁgﬂﬂBmﬂUWQQTUﬂﬂ

input Competive Layer

Eﬂﬁ 2.10 naas Iasavie wuy Competitive Network
a = compet(n) (2.47)

3 E
Asiauana laTavierinail 1aen 15/ M uUAA 1B (Index) VD Ins 3 sz amAeua )

&

A red q Yo o A o
A% Input Ingyhga uazldinsoudadu 81 Output il o

L,i=1* 4
a, = . ,Lﬁ’e‘] Re2n,Vi, and *<i0Vm =n, (2.48)
Oi=1*



2.7.2 Neighbourhood
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A=e 2o (2.49)
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1 &
AU U
wlg)=ad wig -1t -a) (2.50)
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¢lear,

toad('penddata’);

raw=ans;

raw =raw',

x=raw(:;,2);

xdot=raw(:,3);

theta=raw(:.4);

thetadot=raw({:,5);

f=raw(.;,6);

1=0;

max_x=max(x);

max_xdot=max{xdot);

max_theta=max(theta);

max_thetadot=max(thetadot);

max_f=max({);

for i=1:10053,
x(i}=x(i)}/max_x;
xdot(i)=xdot(i)/max_xdot;
theta(i)=theta(i)/max_theta;
thetadot(i)=thetadot{i)/max_thetadot;
t(i)=f(i)/max_f;

end

p=cat(2,x,xdot);

p=cat(2,p,theta);

p=cat(2,p,thetadot);

p=p’;
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3.3 M38319 Neural Network
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i 2 Y ~ 3 1 o o
TFi A AansumsiSouiveaansduiii o
o w
BTF i Han¥un1saauved Backpropagation
4 7w = 1 . s
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A < N ' o ¥
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R oy =ma = 3 =l
3.Resilient Backpropagation LﬂmﬁmmUui"i’mmmmuui’uuu Levenberg-
Marquardt Uszanss TN 1175 Quasi-Newton
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o
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[nettr,Y,E.Pf,Af] = train(NET,P,T,Pi,AL,VV,TV)
4 w o =y
(3D [net,tr,Y E,Pf,Af] Ao HaANENADINITNINMIFEUUDI Network
. . Moy Ay a ~
(NET,P,T,PLALVV,TV) fAn dunandoanisni1 ldaeuilszamfioy
Fd s 3 ¥ - as
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net =newff{minmax(p},[80,10,1],{'tansig','logsig', purelin'},'trainlm’);
net.trainParam.show=100;

net.trainParam.[r=0.03;

net.trainParam.epochs=2000;

net.trainParam. goal=0.1¢-9;

fnet,f]=train{net,p,f);
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Block 181 1n3asilszaiiion fandnezlsenoudiua1uea Weight 11az Bias #

mingaufuszuuvasis ¥ aouiy 1o 18 Block Tasavienlszammifsundreziir 114y

= o

suuiianalasmsanann ldnsuunuuiassoan TAHLF degl
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25

3.7 nseanuuu Tasevienlszamiennuy Self — Organized Feture Map
T3 19 Inravwilszamyiin Feedforward soudndu Recurrent Network(13e
Kohone Layer) Tasil Output Layer iy Tns aﬂlimﬂizmwi';uqﬂﬁw i3 wannlssamiiienuueg
ASIRIOBTRAT] (2,30x30,1) Fevzdimadnuida e siifdmiy dsilduinounn Safeahnsies
eI Ziie fumslouiuniiaen i) uaz Meanuazaanveantsames A1 v
dunmsiFauanslag st Self — Organized Feture Map 14013 iazuunununs
Ysuanimin uaz BidmstmuadhmneveamsBoud feddmuat yuiidadaondnsmunione
QmIi”uﬁy'mﬁn(Weighl)ﬁmﬁiau"111
If{dScore>dScoreMean){
Target{0]=Pole.F;
TrainUnits.(Net,Input,Target);
i

' ' 4 a a1 . ¢
uag1 lidideou lvaziinisdsunidScoreMeanvae winner aae¥HariHu
Net->KohonenlLayer- >dScore\eran[Net >Winner] += Net->Gamma * (dScore dScoreMean);
Tnsstenuuiiinisdufladand nesGundy Competitive Network FaagviinsUdusnimn

#wituey Kohonen
yne seun1sviem szlnmlfummaioud veamn o iawed uns USuewhiudesen q winner

Aruiari s

Net->Alpha = 0.5+ pow(o.0l, (REAL) n/ TRAIN STEPS),

Net->Alpha = 05*pow(0.01, (REAL) n/TRAIN_STEPS),

Net->Alpha = 0.005;

Net->Gamma = 0.05;

Net->Sigma = 6.0 * pow(0.2, (REAL) n/ TRAIN_STEPS);

N\
*® Dl
nl V. Six) D ’
nxr
st
J

5% 3.12 wermalaganatszamdsuiinn 1 19w
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d
3.8 samlszneauvey Pendulum Tuand
o = a w1 4 = =
paAsznavvas Pendulum szgnivvu lasnmisfimuanmmud@sis 7 Alouuifanisieu

- oo < ' o = a

Tsunsndeiag asdlsznansis q wzgnusses i ludanls POLE $alsznaudivmnign
a: d - -] i ar

w ,wDot,x,xDot uag F unuduts yu anmiaFam szvznia anwia uag ussildiugm(Cart)

:
LA Al

typedef struct { * STATE VARIABLES OF A POLE:*/
REAL X; /* - position of cart [m] */
REAL xDot; /* - velocity of cart [m/s] */
REAL W, /* - angle of pole [“] */
REAL wDot;  /* - angular velocity of pole [°/s] */
REAL F; /* - force applied to cart */
+ POLE; /* during current time step [N] */

& 1
dm3EMania 9 e 1433 asves Buler wonimmidvasiaulsaneums eyduidududes

void SimulatePole(POLE *Pole) {
INT s;
REAL x, xDot, xDotDot;
REAL w, wDot, wDotDot;

REAL F;

X = Pole->x;

xDot = Pole->xDot;

w = (Pole->w / 180) * PL;
wDot = (Pole->wDot/ 180) * P[;
F = Pole->F;

for (s=0; s<STEPS; s++) {
wDotDot = (G*sin(w) + cos(w) * ({(-F - Mp*L*(wDot)*(wDot)*sin(w)) / (Mc-+Mp))) /
(L * ((REAL) 4/3 - (Mp*(cos(w))*(cos(w))) / (Mc+Mp)));

xDoiDot = (F + Mp*L * ({(wDot)*(wDot)*sin(w) - wDotDot*cos(w))) / (Mc+Mp):

X += (T / STEPS) * xDot;

xDot += {T/STEPS) * xDotDot;

w += (T /STEPS) * wDot;

wDot += (T / STEPS) * wDotDot;
b

Pole->x = X;

Pote->xDot = xDot;

Polc->w = (w/ PD) * 180;

Pole->wDot = (wDot / PI) * 180;
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3.5.1 doulvarsuedusvos £ Pendulum
& vy ¥y oa 4 Vo w = a M g4 = '
danlvrnanians i lddudeu Boolean Fanasnmdveanuuiu 13 wmie mudloyy e

5 oA 5w = oo
meluyu 260" iflavfuyutnAdaefasd

BOOL PoleStillBalanced(POLE* Pole)

{
return (Pole->w >= -60) && (Pole->w <= 60);

}

3.5.2 (douluiSuduveaszuy
4 4w ¥ o o Yoo N e ' E
walEnanIzIuIzAapsiINgAem q Idfuszun Tasymazey lundwmimmnuiniusalan
o o 1 1 1 Py o ar i o 1 o 1 o
AWIE 2 A sresguagasana iednanssududhaudulsnndadeeg luduvtiaRuuniuy
] o a o ) ' a Qg a oA ¥ W ' Yo 3
izt Yty 07 iy seuveglupnuedivs 1sqead mussTuRules q wuuguIdiuyude
w o
Wandu RandomEqualREAL( );
' W
AIFAMUARIEI o (Fududail
void InitializePole(POLE* Pole)

I
1

do {
Pole->% =0;
Pole->xDot  =0;
Pole->w = RandomEqualREAL(179,181);
Pole->wDot = ();
Pole->F =0;
} while (Pole->w == 0),
}
diendasine e W v bl Saedid
Pole.w = RandomEqualREAL(-1,1);
dlofiusaniifug ez desde s Pole Figu fussnn 100 F2du wisugmdsaion
Safl
Pole.F = 100;
SimulatePole(&Pole});

2o . Yoo L = '
ﬁx‘lﬂ“ﬁu SlITlUlatﬁPOlC i)%ul.’r‘iﬂ"lﬂiluﬂi 1]1] ﬂ:ﬂilLS'JL“N‘J;I'JJ FEUENY LATANULTIDDOURNIU

s Pole
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3.5.3 msuaaspauy I52a% wia waw 6
nauaaaransauvealdsunsulasusasuuy stlindu Animation) vu Visual Aaain

a 1 Lo o
nsimun RECT Class neulaSenflsfiudon o eanun1dld aaavasnsusasduneauisinaaie

wanfona1a CObject

CDC *cdc = dlg->GetDC();
dlg->BeginPaint{&ps);

RECT rt;
PAINTSTRUCT ps;
CString str;

£
o’

d 4 = 7 i o
iile rt unuStruct ves Rectangledsiioadsznauyiad iy

LONG left;
LONG top;
LONG right;
LONG bottom;

TusunsunmisuantaiinauJaons 4iids LineTo , MoveTo uaz Rectangle fifa1dnf5ou
F) & [} a 1 - o e {cy o
oo linmin duuon LineTo uag MoveTo #inldlunsneesddsynouduas sifid o

= * 1 1 1 ¥ or o = an a =
winfigalsialimivau g Rectangle 1dmSunagl@mavuaosialaonsimunyaisaesga

/ Pole

Reference-Cloordinats

F(ﬁ)

Y POSItion

NPosition

i =, = 4 = a ar
319 3.12 ueraeTTMIAnaun1sIABITAINA YD TEULTUIOT WL AL
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AWMUV IUUUTZU LAY Y sufisnadt dau unu X azalAsua1dadud s
XPosition anugeuesgiudumia 20 gainma anmnfevesguidewia 60 gadnisagunindeual
gemLvaanuazaga i adnfufug i damdawdndmennionyu 6 aavesauniiezd
Andlu

(Polelenght x sin(Angle),Polelenght x cos(Angle); (3.6)

uadiagufimnadeuiigeniinisthounu iy
{((275+XPosition)+PoleLenght x sin{Angle),340+60-20-PoleLenght x cos(Angle)}
(3.7)
ﬂmﬂﬁiauﬁmaagmuazﬁm&mﬁn W18 Taonisfleusuuazdumisiaududs XPosition

E
uaz Angle awdduasi

/i Draw A Base
rt.left =275-30-(-XPosition);
rt.right= 275+30-(-XPosition);
rt.top = 380;
rt.bottom = 400;
cdc->Rectangle(&rt);
Pole.xDot=().9*Pole.xDot;
Pole.wDot=0.996*Pole.wDot;
// Draw A Pole
cde->MoveTo(275+XPosition+1,380);
cde->LineTo((275+XPosition+i)+PoleLenght*sin(PI* Angle/180.00)
,340+60-20-PoleLenght*cos(PI* Angle/180));

4 a <4 ' ' w | a
iaaunsiion wilseusrdasmantmalmivay Ausldfumiaaudinsusamadoe
finds
dlg->EndPaint(&ps);
dlg->ReleaseDC(cdc);

kg (] ¥ 1 = ’ Yo 1 o a ¥ ' o 1
ﬂ"I.111‘HTﬂﬁ'ﬂﬂ"l"iu?%ﬂcl.‘}‘mlka%ﬂuﬂﬂﬁ ﬂﬂﬂulﬂﬂ'ﬁ'lﬂ%'l%&ﬂﬂﬂ'r’i‘l-l’]tlﬂ'ﬂﬂJ%TuliJWﬂcluﬂﬁLl,?fﬂﬂﬂﬁ
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3.5.4 M3uaRINaDEMITNIITHYE IMB U
MsLanINs LT suudmme Tudzuand1eenn ainmsuaaswmavudsadnonis
wangmnaza o damndisiunany aunsautad e snsianiwa ldRai
1. dhimsfmuadeulvaosnisfadensiindefladdu Initgraph();
2. dionanemmas widanzdest imaondnnisaaseiuns indeid closegraph();
A,

a = ) = = =] 1 e
ﬂ"l'iL!.ﬁﬂ\’lNﬁ“UENME]Tﬂnﬁﬂiiﬁﬁﬂﬁﬂ‘UHlTWE]ﬂNﬂWﬂTH'Jﬁ‘UﬂB WENINTTNUMUBITALRWIZTIINA

v Y oy & o & o - \ " o+ o
a4 l‘lJA'ﬂ1HULLﬁ]ﬂQﬂUL§1WT$ﬂﬂWL“‘JUHﬂQvlﬂ f'lTiLlfTﬂQNﬂ'i’Nl.lﬂﬁﬂﬁaﬂ'ﬂﬁﬂﬂqtﬁﬂﬂﬂﬂﬁﬁﬂw

void Draw(double XPosition,double Angle,char stt[201){

double OldXPosition,OldAngle;
douhle OldCartWidth,OldCartHight,OldPoleLenght, OldRailHight;

setcolor(15);
OldXPosition = XPosition;
OldAngle = Angle;

XPosition=getmaxx()/2-CartWidth/2+ XPosition;
v Draw a Cart and Pole

rectangle(l,getmaxy()-RailHight,getmaxx{)}-1,getmaxy()- 1); //Draw A Rail

rectangle(X Position,getmaxy()-RailHight-CartHight, XPosition+CartWidth,getmaxy({}-CartHight);
fDraw A Cart
moveto{ X Pasition+Cart Width/2.0,getmax y()-RailHight-CartHight); /Draw A Pole

iineto{ XPosition+CartWidth/2.0+ PoleLenght*sin(PI* Angle/130.0), getmaxy()-RailHight-CartHight-

PoleLenght*cos(PI*Angle/180.0)%, /Draw A Pole

outtex txy( 10,getmax y{)-10,stt);

outtextxy(1,1,Fall Timer);

auttextey{1,20,Stt1);

outtextxy(1,30,St2);

outtextxy{1.40,5t13);

delay(DelayConstance-60);

#(Clear a cart and Pole

sctecolor(ny;

OldXPosition=getmaxx()/2-CartWidth/2+Old X Position;,

rectangle(1,getmaxy()-RailHight,getmaxx()-1,getmaxy()-1; {/{Draw A Rait

rectangle(OldXPosition,getmaxy(}-RailHight-CartHight Old X Position+CartWidth,getmaxy()-CartHight),
{/Draw A Cart

moveto{OldXPosition+CantWidth/2.0,getmaxy()-RailHight-CartHight), /{Draw A Pole

lineto{ OldXPosition+CartWidth/2.0-PoleLenght*sin(PI*Old Angle/180.0),getmax y()-RailHight-CartHight-
PoleLenght*cos(PI*OldAngle/180.00); //Draw A Polc

outtextxy(10,getmaxy()-10,stt);

outtextxy(1.(,FallTimer);

outtextxy(1.20.5tt1y;

outtextxy(1,30,5et2y;

outtextxy(1.40,Stt3y,

« cleardevice();
1
]
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3.9 mafudoyauuniend

»

maAudoyamemadsuad dudnh lunasssaun Tlsunsuuumnay fdussumsiamuda
1. a5 s dwenwas FILE  *f;
2. a3 didaansfoundlillae = fopen(f, *‘som.txt”, “w”");
3.doud
aatl  fprintf(f, ¢ %If %lf >’ ,Pole.w,Pole.wDot);
3

. ¥ v
WoiaFeAunsiammes Il unnudee 1ddeyalulwd 3o som. txt udni 1 ldsunsu

oy o P YY) d " e
E]lJ”acV]‘ﬂaQf”‘iﬂQUHTﬂﬂWWBULWﬂi‘UﬂgLTU ﬂ]ﬂ@ﬁﬂ]ﬂﬂﬂﬂlay}ﬂﬁ]aﬁu“uﬂg ATVLTUIL Y

L3

wwatuanswavesnamdayasenu

3.10 ssptlsznavveslasaitedszamdmuny iy

Tnsanetlszamifisuuny Self-Organizing Feture Map 1laznaud s Tasavetszam
isuawilszianda Input layer,Kohonen layer uaz Qutput layer maidou Inssinelszenmitey
ﬂ$r#’f'a»1“lﬁﬁ‘i'mqu1J'izﬁmLﬁfmGl,umia':%mﬂuﬁm’mmﬂ'lﬂumimimus—qmﬂuﬁ'ﬁwa:ﬂiammﬁﬂuﬁdau
iESadhalsse midsuudazdnguauaf Wussneld TaveFuwlinewuuio Layer uaz Net

o ' 4
Faluudaz Net 98 osntlsznauves Layer nwlu

3.11 Yusoumamaiveslnssnelszamifian
¥
mhamyes Tnsnmlsramdsunmsuddedisaiuszimuaiininihauesndiures
T a oy ; a Yo & oy oa g s A ¥ oA
dwfe dmveimiBoui uazdmvesmah iU dviudesdimaiiva e winsie vz ldnswindela
¥ = d’ = 5 1 0 - LY :j - J d oy ¥ o J = | =1 al
aosiauduazdleladaiwn U4 nmsseauituesfntuiliofams Iinadadu sslifealszamineuda
¥ 1 . '
itz aiemymesnin1d s Inssiadszamdion 183 uduls Pole anfleidu
¥
SimulatePole(&Pole) 17 vz 1¥s19fafuAwswamanisaiiu dwyuues Pole.w fidliag
luae £60° (Bool PoleStillBalanced())udnziinmGougsoulni
] o A o oo g =
aludu Kohonen Layer Aignufumwamimmssitiu suithi 1) 1daninialaedradaan

a o A . = 1o o o =
ﬂ5Huu'ﬂﬂqﬂ53ﬁ1ﬂ1ﬂ”uﬂ’)ﬂw31uLﬁLﬂas IHAARAZILUUNAINAT ﬂ‘lmaUﬂ%uuuﬂdﬁuﬂﬂﬁSZT'ITIJMU'LI%

¥
=t

HmsBouiln ds

if (dScore > dScareMean) {
Target[0] = Pole.F;
TrainUnits{Net, Input, Target);
¥
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void TrainNet(NET* Net)
!
INT n,t;
POLE Pole;
REAL wOld, wNew, ScoreQld, ScoreNew, dScore, dScoreMean, StepSize,
REAL InputN};
REAL Output[M],

REAL Target[M];
char Stt{100];
char ch;
n=0;
while (n<TRAIN_STEPS) {
t=0;
InitializePole(&Pole);
wOld = Pole.w;
ScoreOld = ScoreOfPole(&Pole);
SimulatePole{&Pole);
wNew = Pole.w;
ScoreNew = ScoreOfPole(&Pole);
while (PoleStillBalanced(&Pole) AND (t<BALANCED)} {
n++;
t++;

Net->Alpha = 0.5 * pow(0.01, (REAL) n/ TRAIN STEPS),
Net->Alpha_ =0.5 * pow(0.01, (REAL)n/ TRAIN_STEPS),
Net->Alpha__ = 0.005;

Net->Gamma = 0.05;

Net->Sigma = 6.0 * pow(0.2, (REAL) n/ TRAIN_STEPS);
Input[0] = wOld,

Input[1] = wNew,

SetInput(Net, [nput}),

PropagateNet(Net);

GetOutput{Net, Output);

Pole.F = Cutput[0];

StepSizc = Net->KohonenLayer->StepSize[Net->Winner;
PoleF  += StepSize * RandomNormalREAL(O, 10);

sprintf(Stt,"Neural Network Control An Inverted Pendulum.lteration=%5.2d (ESC Exit})
",I’l);
Draw(Pole.x*XConstance Pole.w,51t);
// ThetaGraph(Pole.xDot,Pole.wDot};
Pole.xDot = 0.94*Pole.xDot;

Pole.w =(,96*Pole.w;

wOld = Pole.w;

ScoreOld = ScoreQfPole(&Pole);
SimulatePole(&Pole);

wiNew = Pole.w;

ScoreNew = ScoreOfPole(&Pale);
dScore = ScoreNew - ScoreOld;

dScoreMean = Net->KohonenLayer->dScoreMean[Net->Winner];
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sprintf(Stt1,"Pole's Angle(Degree) : %5.4f",Pole.w);
sprintf(Stt2,"Force (N}  :9%5.41" Pole.F),

while(kbhit()){

ch=getch();

switch{ch){

casc 27:
closegraph();
Finalize Application(&Net);
exit(0);
break;
]
!
//delay(40);

if (dScore > dScoreMean) {
Target[0] = Pole.F;
TrainUnits(Net, Input, Target);
1

Net->KohonenLayer->dScoreMean[Net->Winner] += Net->Gamma * (dScore -
dScoreMean);

|

I

if (PoleStillBalanced(&Pole)}{
sprintf(Fall Timer, "Pole still balanced after %0.1{s", t * T);
SuecessCounter++;
sprintf(Stt3,"Success %4d", SuccessCounter);

}

else!
sprintf(Fall Timer, "Pole fallen after %0.1{s", (t+1) * T);
sprintf(Stt3,"Success %4d" SuccessCounter);

}
t
i
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(Handle Processes)
o = 3 ° g =1 4 a qy
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void Initialize Application(NET* Net)
{
INT i,
for (i=0; i<Net->KohonenLayer->Units; i++) {
Net->KohonenLayer->StepSize[1] = 1}
Net->KohonenLayer->dScoreMean([1] = 0;

}
}

df P 1 o 1 = ] o 3
2.5 mIavesfiuiresmiiaea i ivedudazl sz o u v WABKANEDT FIITADIIBINNA
> L] ¥
dszarmitoumnda mszdwdenaihdsil W mwemadSus nimdn uas annredwuaniawauir1é
o 1 I v d ' o =
e Tasmsveamisvauiwisideenidiumesnguiienvoamuefufivannuniuvesriadoya

e as = t =1 v 1 o o ~ o o
wnfudanuizRudeyaiitinumniveu uasmsesdoyaiiunguIngjde 1 fu Hmuafiewoilaidu

void GenerateNetwork(NET* Net}{
INTH,
Net->InputLayer = (LAYER*) malloc(sizeof(LAYER));
Net->KohonenLayer = (LAYER*) malloc(sizecRLAYER));
Net->OutputLayer = (LAYER*) malloc(sizeoff LAYER}));

Net->InputLayer->Units =N;
Net->InputLayer->QOutput ={REAL*) calloc(N, sizeof(REAL));
Net->KohonenLayer->Units = C;

Net->KohonenLayer->Output  =(REAL*) calloc{C, sizeoff REAL));
Net->KohonenLayer->Weight = (REAL**} calloc(C, sizeof(REAL™)};
Net->KohonenLayer->StepSize = (REAL*) calloc(C, sizeof{ REALY),
Net->KohonenLayer->dScoreMean = (REAL*) calloc(C, sizeoffREAL));
Net->OutputLayer->Units = M;
Net->OutputLayer->Qutput = (REAL*) calloc(M, sizeof{ REAL));
Net->OutputLayer->Weight = (REAL**) calloc(M, sizeof{ REAL*));
for (i=0; 1<C; i++) {

Net->KohonenLayer->Weight[i] = (REAL*) calloc(N, sizeof(REAL));
}
for (i=0; 1<M; i++) {

Net->CutputLayer->Weight[i] = (REAL*) calloc(C, sizeof{REAL));
}

1
J
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void Setlnput{NET* Net, REAL* Input)
{INT 1;
for (i=0; 1<Net->InputLayer->Units; i++) {
Net->InputLayer->Output[i] = Input[1];
H
¢
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void GetOQutput(NET* Net, REAL* Output)
{TNT i
for (i=0; 1<Net->QutputLayer->Units; i++) {
Qutput[i] = Net->OQutputLayer->QOutput[i];
}
'
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void PropagateToKohonen(NET* Net)
3
INT 1i,;
REAL Qut, Weight, Sum, MinQut;

for (i=0; i<Net->KohonenLayer->Units; i++) {
Sum = 0;
for (j=0; j<Net->InputLayer->Units; j++) {
QOut = Net->InputLayer->Output[j];
Weight = Net->KohonenLayer->Weight[i][}];
Sum += sqr(Out - Weight);
i
Net->KohonenLayer->Output[i] = sqrt(Sum);
}
MinOut = MAX REAL;
for (i=0; i<Net->KohonenLayer->Units; i++) {
if (Net->KohonenLayer->COutput[i] < MinOut)
MinQut = Net->KohonenLayer->Output[Net->Winner = 1];
;
i
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2.8 msnsz et ety roslszarmifienfisuzeon liliis Qutput Layer wdnmsiduaiude
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void PropagateToOutput{NET* Net)

!
INT 1,

for (i=0; i<Net->QutputLayer->Units; 1++) {
Net->OutputLayer->Qutput[i] = Net->OutputLayer->Weight[i][Net->Winner];
i
i

A1snIznIea v ATl szavifien ofbnisaszeieauda 2.8 uay 2.9 auddy
2.9 gy Tarew)szamiiisuuuy Self-Organizing Feture Map ufaaziimsldsada
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(double Lamda;) wslSumdarninFouiunniunivisannmdvugvesdseanioudanu
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void TrainKohonen{NET* Net, REAL* Input)
i
INT 1,;
REAL Out, Weight, Lambda, StepSize;
for (i=0; i<Net->KohonenLayer->Units; i++) {
for (j=0; i<Net->InputLayer->Umits; j++) {
Out = Input[)];
Weight = Net->KohonenLayer->Weight[i][j];
Lambda = Neighborhood(Net, i);
Net->KohonenLayer->Weight[i][j] += Net->Alpha * Lambda * (Out - Weight),
'
StepSize = Net->KohonenLayer->StepSize[i];
Net->KohonenLayer->StepSize[i] += Net->Alpha  * Lambda * -StepSize;
}

!
I

2.10 dw5u Qutput Layer ufrazdnuuznisiiuweight adiwq fMuifarzefuszuzrisan
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void TrainQutput{NET* Net, REAL* Output)
{INT 1;
REAL Out, Weight, Lambda;
for (i=0; i<Net->OutputLayer->Units; 1++) |
for {j=0; j<Net->KohonenLayer->Units; j++) {
Out = Output[i];
Weight = Net->OutputLayer->Weight[i]{j];
Lambda = Neighborhood(Net, j);
Net->OutputLayer->Weight[i][j] += Net->Alpha_ * Lambda * (Out - Weight);
|
|
i
}
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void TrainNet(NET* Net)

{
INT n,t;
POLE Paole;
REAL wOld, wNew, ScoreQld, ScoreNew, dScore, dScoreMean, StepSize;
REAL Input[N];
REAL Output[M];
REAL Target[M];

double StartTime,StopTime;

char Stt[ 100];
char ch;
n=0;
while (ch!=27) {
t=10;
InitializePole(&Pole);
wOld = Pole.w;
ScoreOld = ScoreOfPole(&Pole),
SimulatePole(&Pole);

wNew = Pole.w,

ScoreNew = ScoreOfPole(&Pole);

while (PoleStillBalanced(&Pole) AND (t<BALANCED)) {
n++;
tH+,

3

Net->Alpha = 0.5 * pow(0.01, (REAL) n/ TRAIN STEPS),
Net->Alpha  =0.5 * pow(0.01, (REAL) n/ TRAIN_STEPS);
Net->Alpha = 0.005;

Net->Gamma = 0.05;

Net->Sigma = 6.0 * pow(0.2, (REAL) n/ TRAIN_STEPS),
Input[0] =wOld;

Input[1] = wNew;

SetInput(Net, Input);

PropagateNet(Net),

GetOQutput(Net, Output);

Pole.F = Output[0];

StepSize = Net->KohonenLayer->StepSize[Net->Winner],
Pole.F  += StepSize * RandomNormalREAL((, 10);

sprintf(Stt,"Neural Network Control An Inverted Pendulum.Iteration=%5.2d (ESC
Exit) ",n);
Draw(Pole.x*XConstance,Pole.w,Stt),
Pole.xDot = 0.94*Pole.xDot;
Pole.w = (.96*Pole.w;
wOld = Pole.w,
ScoreOld = ScoreOfPole(&Pole);
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SimulatePole(&Pole);

wNew = Pole.w;
ScoreNew = ScoreOfPole(&Pole);
dScore = ScoreNew - ScoreQOld,

dScoreMean = Net->KohonenLayer->dScoreMean[Net->Winner];
sprintf(Stt1,"Pole's Angle(Degree) : %5.4f" Pole.w);

sprintf(Stt2,"Force (N) 1 %5.41" Pole.F);

while(kbhit()){
ch=getch();
switch(ch){
case 27:
closegraph();
FinalizeApplication(&Net);
exit(0);
break;
i
}

1f (dScore > dScoreMean) {
Target[0] = Pole.F;
TrainUnits(Net, Input, Target);
t
Net->KohonenLayer->dScoreMean[ Net->Winner] += Net->Gamma * (dScore -
dScoreMean);
h
if (PoleStiliBalanced(&Pole)){
sprintf{FallTimer, "Pole still balanced after %0.11s", t * T);

SuccessCountert+;
sprintf(Stt3,"%d",SuccessCounter);
sprintf{Stt3,"Success :%4d", SuccessCounter),
}

clsef
sprintf(FallTimer, "Pole fallen after %0.1{s", (t+1) * T);
sprintf(Stt3,"Success :%4d",SuccessCounter);

}
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if(Pole. w359} { Pole.w=0; Pole.xDot=-xDotOld; }
if(Pole.w<-359y  { Pole.w=q; Pole.xDot=xDotOld; }
if(XPosition<-160}{ XPosition=160; Pole.x=XPosition/100.0;}
if{ XPosition>160) { XPosition=-160; Pole.x=XPosition/100.0; }
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1. tvouTalsunsudetl

#include<stdio.h>
#include<conio.h>

#include<math.h>

#include<stdlib.h>
typedef int BOOL;
typedef int INT;

typedef double REAL;

#define FALSE 0

#define TRUE 1

#define NOT !
#define AND &&
#define OR [

#define MIN REAL  -HUGE_VAL
#define MAX_REAL  +HUGE VAL

#define MIN(x,y)  ((x)<(y) ? (X) : (v))
#define MAX(x,y)  ((x)=(¥) ? (x) : (y))

#define PI (2*asin{1))
#define sqr(x) ({(x)*(x)

typedef struct { * ALAYER OF A NET: */
INT Units; /* - number of units in this layer ~ */
REAL* QOutput; /* - output of ith unit */

REAL** Weight; /* - connection weights to ith unit ~ */

REAL* StepSize;  /* - size of search steps of ith unit  */

REAL* dScoreMean; /* - mean score delta of ith unit */
} LAYER;

#» SIMULATION PARAMETERS FOR THE POLE: */

#define L L - length of pole [m] */

#define Mc 1 - mass of cart [kg] */

#define Mp L / -mass of pole [kg] */

#define G 9.81 - acceleration due to gravity [m/s? */

#define T 0.01 - time step [s] */

#define STEPS 10 /- simulation steps in one time step */

typedef struct { /* STATE VARIABLES OF A POLE: */
REAL X; /* - position of cart [m] */

REAL xDot; /* - velocity of cart [m/s] */
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REAL w; /* - angle of pole [°] */
REAL wDot; /* - angular velocity of pole [°/s]  */
REAL F; /* - force applied to cart */

¢ POLE; /* during current time step [N] */

void InitializeRandoms()

!

srand(4715);

]
REAL RandomEqualREAL(REAL Low, REAL High)

i
return ((REAL) rand() / RAND_MAX) * (High-Low) + Low;

}
REAL RandomNormalREAL(REAL Mu, REAL Sigma)

{
REAL x,fx;

do {

x = RandomEqualREAL(Mu-3*Sigma, Mu+3*Sigma);

fx = (1 /(sqri(2*PT)*Sigma)) * exp(-sqr(x-Mu) / (2*sqr(Sigma)));
{ while (fx < RandomEqualREAL(0, 1);

return x;

|
void InitializePole(POLE* Pole)

{
do {

Pole->x =0;
Pole->xDot = 0;
Pole->w = RandomEqualREAL(-.1,.1};
Pole->wDot = (;
Pole->F =y
L while (Pole->w == g;
|

void SimulatePole(POLE* Pole)

{

INT s;

REAL x, xDot, xDotDot;
REAL w, wDot, wDotDot;
REALF;

x = Pole->x;

xDot = Pole->xDot;

w =(Pole->w /180)*PI,
wDot = (Pole->wDot / 180) * P1;
F  =Pole->F;

for (s=0; s<STEPS; s++) {
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wDotDot = (G*sin(w) + cos(w) * ((-F - Mp*L*sqr(wDot)*sin(w)) / (Mc+Mp))) /
(L * ((REAL) 4/3 - Mp*sqr{cos(w))) / (Mc+Mp))),

xDotDot = (F + Mp*L * (sqr(wDot)*sin(w) - wDotDot*cos(w))) / (Mc+Mp),

x +=(T/STEPS) * xDot;

xDot += (T / STEPS) * xDotDot;
w +=(T/STEPS) * wDot;
wDot += (T / STEPS) * wDotDot;

}

Pole->x =x; :
Pole->xDot = xDot;
Pole->w =(w /PI)* 180;

Pole->wDot = (wDot / PI) * (80;

BOOL PoleStillBalanced(POLE* Pole)
¢
return (Pole->w >= -60) AND (Pole->w <= 60);
}
REAL ScoreQfPole(POLE* Pole)
1

return -sqr(Pole->w);

}

int main(}{
POLE Pole;
FILE *f;
int 1=,
char ch;

f= fopen("SOM.txt", "w");

InitializePole(&Pole);
printf("Init Finish'n");

while('kbhit()){
SimulatePole(&Pole);
fprintf(f,"%s.5f v5.5f %5.5f %5.5f %5.5f\n", Pole.x,Pole.xDot,Pole.w,Pole.wDaot,Pole.F);

printf(”%s.5f %55 %s.5f %5.5f %s5.5f\n",Pole.x,Pole.xDot,Pole. w,Pole.wDot,Pole.F);

}
printf("Finish");
getch();
return 0;

'
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