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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
controlling 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 circuits including
D/A converter, signal conditioning circuits and motor drivers are studied and implemented. Then,
the computer program written in visual C++ language is composed. Its tasks 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 based on the discrete time PID control system and to send such
control signal via parallel port for controlling 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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/7 Recall each pixel is composed of 3 bytes
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X0y 240 ~ :'Pé_l‘;

Ball Position is 151.000000 pixel = 37.750000 cm. on beam.
First point is 145.000000 pixel

Last paint is 157.000000 pixel

Gain Kp = 11.250000

Gain Ki = 4.200000

Gain Kd = 0.000000

Gain PID = 15.450000

Out Port = 142,943357

Ball Position = |40 .
Te= 100 (113
ko=
Ki= [o0r

Ed= |1

_Y

// tripodDlg.cpp : implementation file
#include <conio.h>

#include "stdafx.h"

#include "tripod.h"

#include "tripodDlg.h"

#include "LV ServerDefs.h"

Set point = 40.000000
Ts = 100.000000

Kp = 5.000000

Ki = 0.007000

Ed = 1.000000

Error = 2.250000
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#include <math.h>

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[]=__ FILE_;

#endif

int count=0 , count1=0, col , inc=0;

float data,error=0, err_ n=0, err_0=0,Ts=0, Ki_0=0, Kp=0, Ki=0, Kd=0, PID=0, out_p=0, V_input=0, m, m1, m2, m3;

float induce[50], err[2000], Set point, Kp_in, Ki_in, Kd_in, CompensatorL, CompensatorH;
float BCDH_Left, BCDH_Right, BCDL_Left, BCDL_Right, VLeftH, VLeftL, VRightH, VRightL;

struct _iobuf *textf, *textf1, *textf2;

T ]
// CAboutDlg dialog used for App About

class CAboutDlg : public CDialog
{
public:

CAboutDIg();

// Dialog Data
/I{{AFX_DATA(CAboutDlg)
enum { IDD =IDD_ABOUTBOX };
/Iy AFX_DATA

// ClassWizard generated virtual function overrides
/I{{AFX_VIRTUAL(CAboutDlIg)

protected:

virtual void DoDataExchange(CDataExchange* pDX); // DDX/DDV support

/It }AFX_VIRTUAL

// Implementation

protected:
/I{{AFX_MSG(CAboutDlg)
/Iy AFX_MSG
DECLARE_MESSAGE_MAP()

CAboutDlg::CAboutDIg() : CDialog(CAboutDlg::IDD)
{
/I{{AFX_DATA_INIT(CAboutDlg)
JI}}AFX_DATA_INIT
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&Na tional Semiconductor

DAC0830/DAC0832

March 2002

8-Bit yP Compatible, Double-Buffered D to A Converters

General Description

The DACO330 is an advanced CMOSISI-Cr 8-hit multiplying
DAC designed fo interface directly with the 8080, 8048,
8035, 280®, and other popular microprocessors. 4 deposited
silicon-chromium R-2R resistor ladder network divides the
reference current and provides the circut with excellent
temperature tracking characteristics (0.05% of Full Scale
Rangs maximum linearity error over temperature). The cir-
cuit uses CMOS current switches and control logic to
achieve low power consumptlion and low cufput leakage
current errors. Special circurtry provides TTL logic imput volt-
age level compatibility.

Double buffering allows these DACs fo output a voliage
comesponding to one digital word while holding the next
digital word. This permits the simultansous updating of any
number of DACs.

The DACDS20 series are the 8-bit members of a family of
microprocessor-compatible DACs (MICRO-DAC™ ).

Features

8 Double-buffered, single-buffered or flow-through digital
data inputs

® Easy interchange and pin-compatible with 12-bit
DAC1230 series

m Direct interface to all popular microprocessors

m Linearity specified with zero and full scale adjust
only—MCOT BEST STRAIGHT LIME FIT.

B Works with £10V reference-full £-guadrant multiplication

® Can be used in the voltage switching mode

® Logic inputs which meet TTL veltage level spece (1.4
legic threshold)

m Cperates “STAND ALOMNE" (without pP) f desired

| Available in 20-pin amall-outline or melded chip carrier
package

Key Specifications

Current sefiling time: 1 ps

Resolution: 3 bits

Linearity: 8, 9, or 10 bits (guaranteed over temp_)
Gain Tempeo: 0.0002% FSI°C

Low power dissipation: 20 mwW

[
[
[]
[]
[
m Single power supply: 510 15 Voo

Typical Application
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Connection Diagrams (Top views)

Dual-In-Line and
Small-Outline Packages

s — o —
wa, —{? 18 f=— g (BYTEV/BYTERI |
oH — 3 1Bf— wF;
oy —4 17— XFER
oy —45 1 f D
ol =& 15— Dy
04y (LBE) — 7 14— Ol
VAEF =i b 11— iy |M5E)
A —8 12— lourz
W —— 10 1= gy

oosecaxt
Molded Chip Carrier Package
WRo XFER DIy Dlg Dlg
| T I |
168 17 16 15 14
19 13 =Dt (MSE)
—lourz
—lours
= GND
Oy Dy Ol Dlg Vger
o
Absolute Maximum Ratings (Motes 1, Duakin-Line Package (plastic)
2 Dual-In-Line Package (ceramic)
If Military/Aerospace specified devices are required, Surface Mount Package
please contact the National Semiconductor Sales Office/ “Vapor Phase (60 sec.)

Distributors for availability and specifications. Infrared (15 sec.)

Supply Voltage (Vee) 17T Voo

Voltage at Any Digital Input Voo to GHND operating Conditions
Voltage at Vigee Input 25V Temperature Range

Storage Temperature Range -65'C to +150°C

Part numbers with “LCN" suffix

Package Dissipation . , )
Part numbers with "LCWM" suffix

at T,=25"C (Mote 3) 500 mW _
DC Voltage Applied to Part numbers w!th :LC".-‘: s.uﬁ.i:-c

oo e omveve DT
ESD Susceptability (Mote 4) oo

WVolta tAany Digital Input
Lead Temperature (Soldering, 10 sec.) pliage at Any Ligital npu

91

260°C
a00°C

215°C
220°C

Taan=Ta=Thax
0°C to +70°C
0°C to +70°C
D°C to +70°C

—40°C to +85°C
-55'C to +125°C
Weoe to GMND
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