gV TIANR N HiZ0MINA 1 G0 I1Te

ZULAILNNA WA gD LAY

BALL BEAM CONTROL SYSTEM

Tag

= o w
eluen  tHau

wwasoua  lyezd

S
me] - ’
i L P bt s Cle e
? &Y 6 27 6 9 -buau;-‘u:-u--c;--:.-u‘--u.----- !
IRUNSIUIE M cirnirsasonsansrsne . ’
-"i'u,aﬁau,‘ﬂ...2.:4...@:9.:...2..5.{'9 s ;

= = a‘::lyd ' 3 s = = w o
UsganiwustidudiumiiveimsAnumurdangas sy ignisumaastude
AIVIMINTTUTEUDAIUAY
aonfumalu ladwszaomndudnunnisaansz i

gy 2548



~ = LS
UTnauriinustlnisdny 2548
= - = o
AT IAINTITLLUNIURY AN I INTTIOAAT

aoniuma Tu ladwszaendudiganinsaianTs

1309 TTUUATUAMA LN UIRNIBAUUNIY

BALL BEAM CONTROL SYSTEM

am wwduen  waTu 46015314

20
=g

wwgiiug  Twesa 46015329

A Do} BV/ oo
/fwf/twh’f‘“ .............. 21213075 n10

1 a 3
(é%?UﬁWﬁﬂﬁWﬂTiU 0177 SUDUIUTIANG)



STUUMIUANAMHUIGNUDAIUMIY

Tae
o [= 7]
Wietuan WA

4

wwasiua  laazes

¢ (A
810138MU I

AFWAMARIINITG 193 UYL IEND

= -
UrsAnu 2548

UNAAELD

= ) T a ciy o a ar g @
Uswantinutaduil dieusngquiuasmsosanuiuszvuaivguen Tudadmiussuy
a I = - = o ey
AruguAwdgnuoatuaTy Tavlnsiadewesrzundszneudie Aouiusns ndnidTana
A = = 4ot Fh ' dydl @ o 3 [V
@le  yazaesddnnietindniivides  yejanueveslasenudidofafugnuealiluds
2 VoA o [ © 1 z L4
Aumdafidosnsmuitimuauuauazinundumisameatiu - Tasn1snIunuuone3
Ifhnszuamssinofumurumayam tazmowu
¥ )
Fuaoudutiums Suonnmssoniuukasliznoulasarineesszuumugud s
= o o D’d;o [~ [ a a '
gnueavumIu  Anuazeenisdannseindnduludmiuszuuaiuguiuniiagn
3/ LY e o ar a0
usauunL Usznauaiusienasdyanuatreaitludyanaouiaon 2993 lsaulu oy
W o o2 A = o [ A = a o o ar
1ostuuoAeT  uanuvsu llsunsuaaniueos lanldnudrasndanda  1enIT 199
o ' o) A & 1 ar o o 1 a o
Aumiwasgnueasndeyamnnnndesdtneadale Fidunimeuinaosiiuntayiine
uyadiSeata(UsB) Uszwawammdynimnninuiminzaylavefunuifnszuunaug
) = = =1 1 G v o & a
AloAuuunafania  uazdadyaamianguaiunanesavuudmiuniunuuomes 1w
A w e o Sl wd nwe Pa 3 s
nszurasuioth i Tasaidasiuosvasianiuauit leAtu ldvinmaiiudwitass
Aanasgnan ldmfinansay nasihogainisnanes vinmswaasawuszuunugui 14
¥

ar 3t 1 o [ Av 5 = 1
sonuuuty mnsemunussyyignuealiled o dunnishdosimsta  Tasiiammau

Hanaaog luszaufivouiuld



11

BALL BEAM CONTROL SYSTEM

By

Mr. Pen—<k Pengwan

Mr. Surivan  Chowtasri

Advisor

Asst. Prof. Taworn Benjanarasuth

Academic Year 2005

ABSTRACT

This thesis presents theory and implementation procedures of ball and beam control system
using a digital video camera as a visual feedback sensor. The system composes of the ball and
beam structure, computer, digital video camera and interfacing circuits. The goal is to move the
ball to any desired position or set point on the beam and maintain the ball that position by
controtling the DC motor connected to the beam by pulleys and belt.

The project has been conducted as in the following steps. First, the structure of ball and
beam control system is designed and constructed. Second, necessary electronic cireuits including

/A converter, signal conditioning circuits and motor drivers are studied and implemented. Then,
the computer program written in visual C++ language is composed. Its fasks are to detect the ball
position from digital video camera data sending to the computer via universal serial bus (USB), to
compute suitable control signal bascd on the discrete time PID control system and to send such
control signal via parallel port for controiling the DC motor to drive the beam. The gains of PID
controller are adjusted by trial and error techniques. Lastly, the experiments are conducted. The

results show that the ball position can be controlled to the set point with negligible error.
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for(row =0 row <H ; row ++){
for(col =0 ; col <\ ; col ++)f
if(pixel[row.co1j < thresholdValue)
pixe!trow.coi| = 0; /* make pixel black*/
clse

pixel[row,col] = 255; /* make pixel white*/
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Void CTripodDlg::doMyImageProcessing(LPBITMAPINFOHEADER)

IpThisBitmapInfoHeader
{

/1 doMykmageProcessing: This is where you'd write your own image processing
code

// Task: Read a pixel's grayscale value and process accordingly

unSigned int W,H:; // Width and Height of current frame [pixels]
unsigned int row, col; // Pixel's row and col positions

unsigned long i; // Dummy variable for row-column vector
BYTE threshold Value; // Yalue to threshold grayvalue

W = IpThisBitmapInfoHeader->bhiWidth; // biWidth: number of columns

H = IpThisBitmaplafoHeader->biHeight; // biHeight: number of rows

// In this example, the grayscale image (stored in m_destinationBinp) is
// thresholded to create a hinary image. A threshold value close to 255

/! means that only colors clese to white will remain white in binarized

// BMP and all other colors will be black



thresholdValue = 150;

for (row = 0; row < H; row++) {

for (col = 0; col < W; col++) {

#/ Recall each pixel is eomposed of 3 bytes

i = (unsigned long)(row*3*W + 3%col);

/{ Add your code to operate on each pixel. For example
# *(m_destinationBmp + i) refers to the ith pixel in the destinationBmp
/! Since destinationBmp is a 24-bit grayscale image, vou must also apply

{/f the same operation to *({m_destinationBmp + i + 1) and *({m_destinationBmp + i

/f Threshold: if a pixel's grayValue is less than thresholdValue
if( *(m_destinationBmp + i) <= thresholdValue)
*(m_destinationBmp + i) =
*(m_destinationBmp +i+1)=

*(m_destinationBmp +i+ 2) =0; // Make pixel BLACK

else
*(m_destinationBmp + i) =
*(m_destinationBmp +i+ 1) =
*(m_destinationBmp + i + 2) =255; // Make pixel WHITE
'
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#include <math.h>

#ifdet _DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[]1= __ FILE _:

#endif

it count=4 , count| =0, cal , inc=0,

float daw.errar=0, err_n=0, err_o=0,Ts=0, Ki_o=0, Kp=0, Ki=0, Kd=0, PID=0, out_p=i, V_inpu=0, m, ml, m2, m3;
fieat inducef 50, err[2000), Set_point, Kp_in, Ki_in. Kd_in. Compensatorl, CompensatarH,

float BCDH_Left, BCDH_Right, BCDL_Left, BCDL_Right, V0efttl, VLefiL, ';‘RightH, VRighiL;

struct _iobuf *extf, *extfl, *extt2;

B e A T T R o

+ CAbowDlg dialog used for App About

class CAbhowDig : public CDialog

|
b

public:
CAboutDig{):

Diateg Data
SVAFX_DATALCAbowtDIg)
enum | 1IDD = 1DD_ABOUTBOX 1.

SLIAFX_DATA

# Classwizard generated virtual tuncuion overrides

i IAFX_YIRTUALICADoutDig)

protected:

virtual void DeDataExchange(CDaraExchange® pDXY 7 DDX DDV support
AVAFX_VIRTUAL

Implenmentation
protecied:
) 1AF2(_MSG(CAb0ulDlg)
W AFX_MSG
DECLARE_MESSAGE_MAF(

CAaboulDg:CAboutDigt) : CDialoglCAboutDig:I DB

L AFX_DATA_INITICAboutDIgi

#i tAFX_DATA_INIT
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void CAboutDlg::DoDataExchange!CDataExchange* pDX)

CDialag::DoDataE xchange(pDX);
FUHAFX_DATA_MAP(CAboutDIg)
#1YAFX_DATA_MAP

BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)
AUATX_MSG_MAP(CAboutDIg)
#/ No message handlers
AFX_MSG_MAP
END_MESSAGE_MAP()

e e RN T e T

# CTripodDlg dialag

CTripodDlg: CTripndDlgtCWnd* pParent /*=NULL*/
- CDialop(CTripodDig::IDD, pParent)

JHHAFX_DATA_INITICTripodDlg)
m_Ball I'=0.0f;

m_Ts = 4.0f;

m_Kd=0.0f

m_Ki=0,0f;

m_Kp =0.01;

m_Campensator!! = 8.0
m_Compensatorl = 0.0f,

m_VLleftH = 0.0f,

m_VRightH = (.01

m_VLefil = 0.0f;

m_VRightL = 0.0r,

IITAFX _DATA_INIT

/i Note that Loadlcon does not require a subsequent Destrovicer ;n Wims2

m_hlcon = AfxGetApp()->Loadlcon{ IDR_MAINFRAME):

NAIGE Ser destination BMP to NULL first

m_destinationBitraplnfotfeader = NULL:

NI Additional generic functions

static unsigned PixelBytes{int w, int bpp}

{retum (w * bpp~ 7Y/ 8:}

static unsigned DibRowSize(int w, int bpp)

tretum {w * bpp + 313 /32 * 4}
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static unsigned DibRowSize(LPBITMAPINFOHEADER pbi)
ireturn DibRowSize(pbi->biWidth, pbi->biBitCount), |

static unsigned DihRowPadding{int w, int hpp}

iretumn DibRowSizetw, hpp) - PixelBytestw, bpplii

static unsigned DibRowPagding(LPBITMAPINFOHEADER pbi)

treturn NibRow Padding(pbi->biWidth, phi->biBitCount};)

static unsigned DiblmageSize(int w, int h, int bpp!

treturn h * DibRowSize(w, bopli

static size_t DibSizetint w, int h, int bpp)

tretum sizeaf (BITMAPINFOHEADER) + DiblmageSize(w. h. bpp)i
fff it end of generic functions

void CTripodDig::DeDataE xchange(CDataExchange* pDX]

{Dialog::DoDataExchange(pDX);
DAFX_DATA_MAP(CTripodDlg)
POX_CanteolipDX, (DC_PROCESSEDVIEW. m_cVideaProcessedView),
DDX_ContrelipDX, IDC_UNPROCESSEDVIEW, m_cVideoUnprocessedViews,
DDN_TexttpDX. IDC_Ball_P2, m_Bail_PX
DDX_Text{pDX, 1DC_Ts2, m_Ts)k
DDX_ Text(pDX, IDC_Kd2, m_Kdx
DDX_TexupDX, IDC_Ki2, m_Kik
DOXN_TextpDX. IDC_Kp2. m_Kp:
DDXN_TexttpDX. IDC_V_HN.m_VLettH:
DDY Text(pDX. IDC_V_HP, m VRightH):
DDX_Test(pDX, IDC_V_LN. m_VEettly:
DDX_Text(pDX, IDC_V_LP. m_VRightL).

DAFY_DATA_MAP

BEGIN_M ESSAG_E_MAP(CTripodD}g.  Dialog!
11AFX_MSG_MAP(CTripadDlg)

ON_WM_SYSCOMMANDO
ON_ WM _PAINTO
ON_WM_QUERYDRAGICONG
ON_BN_CLICKEDUDEXIT, OnExit)
ON_BN_CLICKED(IDStart, OnStart)
ON_BN_CLICKED(IDStap, OnStop!
IVAFX_MSG_MAP

END_MESSAGE_MAP{)



T T R T T T
/f CTripodDlg message handlers -
BOOL CTripedDIg::OnlnitDialog()

1
Ll

CDialog:OnInitDialog();

#f Add "About...” menu item Lo systeT Tenl,

st command range.

ASSERT(IDAM _ABOUTBOX & 577 - == [DM_ABOUTBOX

ASSERTIIDM_ABOUTBOX <tiny v .

CMenu* pSysidlenu = GetSystersMen. 7 SLSE)L
if {(pSysMenu '= NULL)

i
|

CString strAboutMern.
strAboutMenu. LoadS:mmz 175 ABQUTBOX),

if {!strAboutMenu.|sE: 7

i
i

pSysMenu-> ArnemdMenut ME_SEPARATORY:
pSysMenu-rarmeniNMenw MF_STRING. IDM_ABOUTBOX,

strAbourh e .

Hi
i Set the icon for this dialog. Tre iromo ridaes this awomaaally
/¢ when the application’s main wirz+ <7« . Clalog
Setlcon(m_hlcon, TRUE): %21 big icon
Setleonim_hicon, FALSE) Sersmall icon

4 TODO: Add extra initialization ~27<

return TRUE; setum TRLUE wnless vou set the focus to a control

void CTripodDig::OnSysCommand{UINT =2 _F ~ AN [Param)

2

if (D & 0xFFFO}==IDM_AB . 7= '
CAboutDlg dlpAbos:.

dlgAbout. DoModale v

CDialog::OnSysCommzn: -0, \Param).
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#/ If vou add a minimize button to your diatog, you will need the code below
i 1o draw the icon. For MFC applications using the document/view model,

/1 this is automatically done for you by the framework.

vaid CTripadDlg::OnPaint()

]
7

if tislconicl }

CPaintDC delthis); # device context for painting
SendMessagel WM _ICONERASEBKGND, (WPARAM) dc.GerSafeHde(), 0);

/ Center icon in client rectangle

int extcon = GetSystemMerriz < SM_CXICONY
mt ¢cyleon = GetSystemMetricsi SM_CYICONY,
CRect rect,

GeiClientRect(&rect),

int x = (rect. Width(} - cxleon + 1)/ 2;

int y = (recl.Height(} - ¢yleon = 1) 7 2,

/{ Draw the icon

de.Drawlconty, y, m_hlconk

CDalog::OnPainu( X

## The systemn calls this 1o abtain the cursor to display while the user drags
¢ the minimized window.

HCURSOR CTripodDlg::0nQueryDragleont)

rerumn (HCURSCR) m_hlcon:

fju Stan

void CTripodDlg::OnStar()

' # For Unprocessed view videoportal (tap one)

char sRegUnprocessed View[] = "HKEY LOCAL_MACHINEuSoftwareUnprocessed View”;

mfc‘v'ideoUnprocesscdView.l’reparcControl("Unpmccssed\’ic\\'". sRegUnpracessedView, 0);
m_c\f’ichUnprocessedVie\\'. EnableUlElementstUIELEMENT_STATUSBAR,0.TRU Ed;
m_c\’ideoUnprocessedVic'--.'.Conncct(_'ameral(]; L

mrcVidcoUnprocessedViE\s'.SctEnable]‘re\'ie“‘(TRUE);
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. For binary view videoportal {bottom onet

char sRegProcessed View[] = "HKEY_LOCAL_MACH INEWSoftwareVWProcessedView™:
m_cVideoProcossed View.PrepareControl{"Processed View™, sRe gProcessedView. 0);
m_cVideoProcessedView. EnableUlElements(UIELEMENT_STATUSBAR0.TRUE):
m_cVideoProcessedView. ConnectCameralt:

m o deoProcessedView SelEnablePreview ITRUEY,

lize the size of binary videopartal

m_cVideoProcessedView SetPreviewMaxHeight 240);

m_cVideoProvessed View SetPreviewMaxWidth( 320

Lrzemmert if vou wish 1o fi: the live videoporal's size
m_:VideoUnprocessedView. SetPres iew Max Height( 2400

<V ideol nprocessedView SetPreview MaxWidihi 3201

*Fird she screen coadinates of the binany videoportal
m_c\'ideoProcessed\’ie\\'.Gct\\’indm\‘Rsct(m_rcctFor]’roccsscd\'{fwl;
ScreenToClienu m_rectFarProcessedView ).

allocze Db CSize( 320, 2400,

/ Start grahbing :mame dzta for Procssed videoportal thotom vne)
m_c % ideoProcessedView, StantVideot ook
ext="vpen("ballp.xl”, "Wk
text’. =Topern samplast”, wtl

texr = Tcommd.axt”, e

i 1‘11] Stop
void CTriped3iz OnSiooi}

# TODO: Acs vour control notification handler code here

i Kill ive vizs +ideoponal (iop one!l
m_cVideoUnpracessedView StopVideotlookiO:

m_cVideoUrrrocessed View. DisconnectCameral ).

" Kibfnan dew videoperal (bottont one:

m_cVideoProcessedView. StopVideollooki (1)
m_c\'idcoPm;:ssed‘\.'iew.Discunncchamcru{1;

_oup X378, 127.5);

inc =1

Kio=0;

samp: = 0

felosetrextf):

fclosetiextil),
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felose(texti2);

/14U Exit

void CTripodDlg::OnExit(}

{ / Kill program
felose(texit);
fclose(textf1);
fclose{texti2};
Destroy Window();

_outpt0x378,127.5),

BEGIN_EVENTSINK_MAP{CTripodDlg, CDialog)
/L EAFX_EVENTSINK MAP(CTripodDig)
ON_EVENT(CTripedDlg, IDC_PROCESSEDVIEW, 1 /* PoraiNetification */, OnPomalNotiticationProcessedview,
VTS_14 VTS_14 VTS _I4 VTS_I4)
1 AFX_EVENTSINK _MAP

END_EVENTSINK_MAP()

void CTripodDlg::OnPoralNotificationProcessedview{iong iMsg, long 1Param|, long IParam2, long IParam3)

F TODO: Add your contral notification handler code here
+ This function is called at the camera s rame rate
#define NUTIFICATIONMSG VIDEGHOOK HE

it Declare some usetul variables

CQUSDKMFC pdt (Quickcam MFC documentation) p. 103 explains the variables IParam 1. Param?2, 1Param3 to0

LPBiTMAPINFOHEADTR [pBitmapinioHeader; /* Frame's info header contains info like width and height
.PBYTE IpBitmapPixelData; /# This painter-lo-long will point to the start of the trame's pixel datz

unsigned long 1TimeStamp; /#/ Time when frame was grabbed

switch(IMsg) |
case NOTIFICATIONMSG_VIDEOHOOK:
f
IpBitmaplnfeHeader = {LPBITMAPINFOHEADER) IParam];
IpBitmapPixelData = (LPBYTL) IParam2;
1TimeStamp = (unsigned leng) [Param3;
grayScale TheFrameData{lpBitmaplnfoHeader, IpBitmapPixelData);
doMyImageProcessing(lpBitmapIntoHeader),
/f Place where you'd add your image processing code

displayMyResults ip[iljlmap] nfoHeader);



break;
default:

break;

void CTripodDlg:allocateBib{CSize sz)

/f Purpese: allocale information for a device independent bitmap (D1B)

## Called from UnlnitVideo

iftm_destinationBitmapInfoHeader)
free(m_destinationBitmapinfixHeader),

m_destinationBitmapInfalleader = NULL.

itlsz.ex | sz.cy) |
m_destinationBitmaplatoHeader = (LPBITMAP INFOHEADER )malloct DibSize(sz.cx, sz.cy, 24);
ASSERT{m_destinationBitmapinfoHeader:
m_destinationBitmapinfoteader->biSize ~ sizeot BITMAPINFOHEADER),
m_destinationBitmapintol feader->biWidth = sz.ox:
m_destinationBitmaplntoHeader->biHeight = sz.cy.
m_destinationBitmapintoHeader->biPlanes = i
m_destinutionBitmapintot feader->biBitCount = 24
m_destination BitmapinfoHeader->biCempression = 0.
m_destinationBilmaplnfoHuader->biSizelmage = DiblmageSizelsz.ox, sz.oy. 24);
m_destinationBitmap/nfoHeader->hiXPelsPerMeter = 0.
m_destinationBitmaplnfatleader->biY PelsPerMeter = 0,
m_destinativnBitmapintatleader->biClrlmportant = 4.

m_destinationBitmapinfolieader->biCirlsed = U

void CTripodDlg:displayMyResulist LPBITMAPINFOHEADER IpThisBumapinfoHeader)

#r displavMyResulis: Displays results ot doMyImageProcessingt ) in the vidernon

¢ Notes: StretchDIBits stretches a device-independent bitmap to 1he appropriale size

CpC *pDC, /f Device contexl 1o display bitmap data

pDC = GetDCL:
int nOldMode = SetStretchBItModelpDC ->GetSafeHdet LCOLORONCOLOR);

StretchD1Bits(
pDC->GetSafeHdc(),

m_rectforProcessed View Jett, wvideoportal leti-most coardinate
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m_rectForProcessedView.lop. { videoportal top-most coordinate
m_rectForProcessedView, Widtht), / videoportal width

m_tectForProcussed View Height(). # videoportal height

0, // Row position to display bitmap in videoportal
0, { Col position ta dispizy bitmap in videoportal
IpThisBitmapIntoHeader->biWidth. /t m_destinationBmp's number of calumns
IpThisBiimapInfoHeader->biHeight, 4 m_destinationBmp’s numher of rows

m_destinationBmp,

{{ The bitmap to display; use the one resulting from do’[yImageProcessing
(BITMAPINFO*)m_destinationBitmaplnfoHeadzr,

// The bitmap's header info ¢.g. width. height, number ot bits etc
DIB_RGB_COLORS, i Use detault 24-bit color table
SRCCOPY # lust display

SetStretchBliMode{pDC->GetSateHde hnOidMode);

ReleaseDC(pDC);

sfasmmifudniunwvaassdudim
void CTripodDlg::grayScaleTheFrameData( LPRITMAPINFOHEADER IpThisBitmaplnfoHeader, LIBYTE
IpThisBitmapPixelData)

1
1

i/ grayScaleTheFrameData: Called by CTripodDlg::OnPortzINatificationBinaryview

“ Task: Read current frame pixel dala and coniputes a grayscale version

unsigned int W, H; # Width and Height of current trame |pixels]
BYTL *sourceBmp; // Pointer to current frame of dala
unsigned int  row, col,

unsigned long i;

BYTE gray\Value:
BYTE redValue:
BYTE , ereenValue;
BYTE biueValue:

W = IpThisBitmapInfoHeader->biWidth; // biWidth: number of columns

H = IpThisBitmapinfoHeader->biHeight; // biHleizht: number of rows

/1 Store pixel data in row-column vector format
/ Recall that each pixel requires 3 bytes (red. blue and green byvies)

/f m_destinationBmp is a protected member and declared-in binarizeDlgh
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m_destinationBmp = (BYTE*)malloc{H*3*W*sizeofiBYTE}:

/f Point to the current frame's pixel data

sourceBmp = lpThisBitmapPixelData;

for trow = 1 10; row < 131; row++) |

tor {col = 0; col < W; col—) |

/t Recall each pixel is composed ot 3 bytes

i = (unsigned longirow*3*W + 3*col);

// The source pixel has a blue, green andred value:
blue¥alue = *(sourceBmp + ik
greenVatue = *tsourceBmp +i + 11

redValue = *(sourceBmp -~ 1+2);

/ A standard equation far computing a gravscale value based on RGB values

arayVahie = (BYTEN(.299*red Value + 0.387*greenValue + 0.1 14*blue Value),

{f The destination BMP will be a gravscale version of the source BMP
*(m_destinationBmp + i1 = gravValue,
*{m_destinationBmp = i = 11 = gravValue,

*{m_destinationBmp - 1 = 21 = gravValue:

void CTripadDlg :deMyImageProcessing LPBITMAPINFOHEADER IpThisBiumaplntoHeader!

. goMyvImageProcessing: This is where you'd write your own image processing ¢ode

s Task: Read a pixel's gravscale value and process accordingly

unsigned int W, H; ## Width and Height of current frame {pixels]
unsigned int  row, ‘i Pixel's row and col positions

unsigned long i: S Dummy vanakle for row -cotumn vector

BYTE tresholdValue: “Value to threshotd gravvalue
char ’ sir{ 801 To print message

char strif80]:

char str2| 80

char str3[80]:

char strd|80};

char str3[80]:

char stré[ 80

char str7[80%:

char str8|80):
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char str9{80];

char str10[80]: .

char strl 1{80]

char strl2{80]:

char str13{80]:

char strid[80];

cnc *nDC: Device context nged to print message

W = IpThisBitmapIntoHeader->biWidth; « biWidth: number of ¢olumns

H = IpThisBitmaplnfoHeader->biHeight; // biHeight: number of row s

/In this example, the grayscale image (stored in m_destinationBmp 1 is
o thresholded to create a binary image. A threshold value close 1o 255
* means that only colors close to white will remain white in binarized

/{ BMP and all other colars will be black
thresholdValue = 50; 4 AunsyTaanlfan

/f Map message from Text Box,
UpdateData(TRUE);

Set_peint=m_Ball_P:

Ts  =m_Ts:
Kp in =m_Kp;
Ki_in =m_Ki;
Kd in =m_Kd;

V0ieftiH =m_VLeftH;
VRightH = m_VRightH;
VL9efiL =m_VLefil;
VRightL = m_VRightl;

Compensatorl. = 1.5;

i ASATEUAUNNIDIgNUBRNagUHAY

/# Scan ball position on the beam.

for frow = 120; row < 121 row=++) |

for (cal = 0; col < W; coi++} |

#f Recall each pixel is composed of 3 bytes

i = (unsigned longdrow*3*W + 3%coll;

/f Add your cade 1o operate on each pisel. For example
i/ *(m_destinationBmp + i) refers 2o the ith pixel in the destinationBmp
/f Since destinationBmp is a 24-bit grayscale image. vou must also apply

/f the same aperation to *({m_c'zstinationBmp = i = 1+ and *{(m_destinationBmp + i + 2}



// Threshold: if a pixel's grayValue is less than thresholdValue

if(*{m_destinationBmp + i) <= threshold Value)

!

else |

induce{count] = col;

count++;

it {count < 3)
count =0
if {count »= 3)
! m = ({induce[count-1] - induce[0])/2.0) +
induce{0]:
ml = induce(0];
m2 — indezefcount- 1)
m3 = (80*m)/W,

count = {:

/K eep ball position to text file
fprimitliextt, “%ft", m3),
fprintitiexttl, "%, sampl);

tprintfitest2, "%\, V_inputk,

error = Set_point - m3;
errlinc] = error;
inc—:
pDC = GelDCH),
sprintfisir, “Ball Position is %f pixel = %f cm. on
beam.”.m.m3);
sprintfisicl,“First point is %f pixel”,m1);
sprintfls1r2."Last point is %f pixel”,m2);
sprintstr3."Set point = %af ".Sel_point);
sprintflstrd,"Ts = %l " Ts);
sprintilstrd."Kp = %f ", Kp_in);
sprintfistré.”Ki = %t " Ki_ink
sprintfistr?."Kd = %t Kd_in);
sprintilsg,” Error = % ", emor);
sprimilsird."Gain Kp = %! " Kp);
sprintflstr }0,"Gain Ki = %f " Ki),
sprinttlstr] |,"Gain Kd = %t Kd),
sprintistr]2,"Gain PID = %f ",PID};
sprintfisirl3,"Cut Port = %of " out_p);

= sprintitsir14,"Command Signal = %f ",V _input);

pDC->TextOut(20, 285, steh
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pDC->TextOut(20, 303, strl);

pDC->TextGur(20, 325, str2);

pDC->TextOut(20, 345, stro);

pDC->TextOut(20, 363, str10);
pDC->Tex10ut(20, 385, sirll);
pDC->TextCut{20, 405, strll);
pDC->TextOui(20, 425 sirl3);
PDC->TextCQuti 430, 285, sir3);
pDC->TextOut(430, 303, srd):
pDC->TexiQui 450, 325, sir3);
pDC->TextQuu(450, 345, stré ),
pDC->TexxOu(45Q, 365, str7):
pDC-=TextOur( 450, 385, strd);
pDRC->TextOut(430, 405, sir9);

ReleazeDCinDCY,

7 A OA I U 1

it (err[0] >= 0
Comnenszort = e 0] * 045,
else if {err[0] =

Comnenszortl = err|0] * =75,

i {error < -Camrenszort)
err_n = Sz _poinl - md:

it {error > CompeniziorHy
CIT_n o= S paoint - m3;

it (error >= -CompensaorH && ermor < -Uompensatorl. )
e n =T - Sel_point:

if (error > Compenzziorl && error <= Compensator!}
err_n =8 - Set_point;

if (error >= -Compeninorl. && error <= Compensatorl)

e T o=

# AR
Kp =Kp_in*em n;
Ki =Ki o+ (Ki in*{(Ts2) *i{em o ~ex nhh
Kd ={(err_n-err_o0)/Ts) * Kd_in:
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PID =Kp+Ki+Kd;
data = _inp(0x379);

# Convert Voltage to BCD

BCDL_Right=127.5+ ({(127.5 * VRightL) / 12} // BCD low far motor turn right
BCDH_Right = 127.5 + ((127.5 * VRightH}/ 12); # BCD high tor motor tum right
BCDL left =127.5-({127.5* VLeftL)/ {2}, ¢ BCD Jow for mator turm lefi
BCDH_Left =127.5-{(127.5 * VLeftH}/ 12 # BCD high for motor turn right

aut_p =PID+127.3;
it (PID>0)
i
it (ou_p <=BCDL Right}
aut_p = BCDL_Right;
it (out_p >= BCDH_Righu
oul_p=BCDH_Right:

if (PID <0}

1
1

it (out_p »= BCDL_Lety
out_p =BCDL_left;
if fout_p <= BCDH_Let)
aut_p=BCDH_Let,
b
else ifiPID =0}
!
out_p=127.5

4 AsnaouANATIAY

ifldata = 19
1

ifterr_n > 0}

_outp(0x378,0out_pJ,
d

itlerr_n <=0}

i

L

_outptOx378,127.5);

1 ' B
i i
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