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ABSTRACT

This thesis presents theories and implementation procedures of a ball plate control system
using a resistive touch panel as a feedback sensor. The system composes of the ball and plate
structure, computer, resistive touch panel and interfacing circuits. The goal is to control the ball to
any desired position on the plate and maintain the ball at that position by controlling the DC
motors connected to the plate.

The project has been conducted as in the following steps. First, the structure of the ball plate
control system is designed and constructed. Second, necessary electronic circuits are studied and
implemented. Then, the computer program written in Visual Basic language is composed. Its
tasks are to detect the ball position from resistive touch panel and to compute suitable control

signal based on PID control scheme.
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Option Explicit

Private Sub cmdOpenPort_Click()
MSComR.CommPort = txtPortR
1f MSComR.PortOpen = False Then

MSComR.PortOpen = True
End If
MSComR.RThreshold = 1
txtReceive. Text = "Rconnected"”
MSComS.CommPort = txtPortS
If MSComS.PortOpen = True Then
MSComS.PortOpen = True

End If
MSComS.RThreshold = I
txtReceive.Text = "Sconnected"

End Sub

Private Sub cmdClear_ClickQ
txtReceive. Text=""
txtSend. Text=""

End Sub

Private Sub cmdSend_Click()
Timer2.Enabled = True

End Sub

Private Sub cmdStp_ClickQ
Timerl.Enabled = False
Timer2.Enabled = False

End Sub

Private Sub cmdStt_Click()

Timerl.Enabled = True

End Sub

Private Sub Form_Load()
MSComR.RThreshold =0
MSComS.RThreshold =0
MSComR .Settings = "9600,n,8,1"
MSComS.Settings = "9600,n,8,1"
MSComR.RTSEnable = True

End Sub

Private Sub MSComR_OnComm()

Dim buffer, bin As String

Dim i, j, leng As Integer

Dim fileData As Byte

j=1

bin=""
If MSComR.CommEvent = comEvReceive Then
buffer = MSComR.Input

leng = Len(buffer)



txtReceive. Text = txtReceive. Text & buffer
Ifleng < 5 Then
Fori=leng To 4
buffer = buffer & " "
Next i
End If
Fori=2To3
fileData = CByte(Asc(Mid(buffer, i, 1))
bin = toBinary(fileData) & "0" & bin
If 1 Mod 2) = 1 Then
xtX.Text = toDec(bin)
bin=""
End If
Next i
Fori=4To5
fileData = CByte(Asc(Mid(buffer, i, 1)))
bin = toBinary(fileData) & "0" & bin
If ( Mod 2) = 1 Then
xtY.Text = toDec(bin)
bin=""
End If
Nexti
End If
buffer=""
End Sub
Function toBinary(val As Byte) As String
Dim bin As String
Dim i As Integer
bin=""
Fori=0To 6
If (val Mod 2) = 0 Then
bin="0" & bin
Else
bin="1" & bin
End If
val =val\2
Next i
toBinary = bin
End Function
Function toDec(val As String) As Long
Dimi As Long
Dim dec As Long
Fori=1To 15
IfMid(val, 16 - i, 1) ="1" Then
dec=dec+2"(i-1)
End If

52



Next i
toDec =dec
End Function
Private Sub Timer1_Timer()
Dim xp, xi, xd As Single
Dim yp, yi, yd As Single
xtEX0=0
txtEY0 =0
XEX = (xtSPX - xtX) * 416178 / 180224000
XEY = (txtSPY - txtY) * 315756 / 180224000
xp = xtKP * txtEX
xi = xi + txtKI * (txtEX - txtEX0) * txtTS /2
xd = (XtEX - txtEX0) * txtKD / txtTS
xtSX = (xp + xi + xd)
xtEX0 = txtEX
yp = txtKP * xtEY
yi=yi +txtKI * (&xtEY - txtEY0) * txtTS /2
yd = (txtEY - txtEY0) * txtKD / txtTS
txtSY = (yp + yi + yd)
txtEY0 = txtEY
End Sub
Private Sub Timer2_Timer()
Dim data(9), i As Integer
Dim sx, sy As Single
data(0) = 88
data(5) = 89
sx = txtSX
sy = txtSY
sx =sx * 39
sy =sy * 39
If sx = 0 Then
data(1) =43
data(2) = data(3) = data(4) = 0
Elself Abs(sx) >= 117 Then
If sx > 0 Then
data(1) =43
Elselfsx <0 Then
data(1) = 45
End If
data(2) =1+48
data(3) =1 + 48
data(4) =7 +48
Elself Abs(sx) < 117 Then
If sx >= 0 Then
data(1) = 43

Elselfsx < 0 Then
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data(1) =45
End If
sx = Abs(sx)
data(2) = Int(sx / 100) + 48
sx = sx Mod 100
data(3) = Int(sx / 10) + 48
sx = sx Mod 10
data(4) = Int(sx) + 48
End If

If sy = 0 Then
data(6) =43
data(7) = data(8) = data(9) = 0
Elself Abs(sy) >= 117 Then
If sy > 0 Then
data(6) = 43
Elselfsy < 0 Then
data(6) = 45
End If
data(7) =1+48
data(8) =1+48
data(9) =7 + 48
Elself Abs(sy) <117 Then
If sy >= 0 Then
data(6) = 43
Elself sy < 0 Then
data(6) = 45
End If
sy = Abs(sy)
data(7) = Int(sy / 100) + 48
sy = sy Mod 100
data(8) = Int(sy / 10) + 48
sy =sy Mod 10
data(9) = Int(sy) + 48
End If
txtSend.Text=""
Fori=0To9
txtSend.Text = txtSend.Text & Chr(data(i))
MSComR.Output = Chr{data(i))
Next i
MSComR.Output = "!"
End Sub
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n.2 Tsunsumuguuemeshilaulasaeulnsame’

#include <16F877.h>
#device adc=10

#FUSES NOWDT //No Watch Dog Timer

#FUSES HS //High speed Osc (> 4mhz)

#FUSES NOPUT //No Power Up Timer

#FUSES NOPROTECT //Code not protected from reading

#FUSES NOBROWNOUT //No brownout reset

#FUSES NOLVP //No low voltage prgming, B3(P1C16) or B5(PIC18) used for J/O
#FUSES NOCPD //No EE protection

#FUSES NOWRT //Program memory not write protected

#FUSES NODEBUG //No Debug mode for ICD

#use delay(clock=20000000)

#use rs232(baud=9600,parity=N,xmit=PIN_C6,rcv=PIN_C7,bits=8)
/f#use rs232(baud=9600,parity=N,xmit=PIN_b6,rcv=PIN_b7,stream=s2)
#include <stdlib.h> /i 3)

#include "input.c"

int8 tmp,count, TimeCount,data[6],start;

int16 Uxi,Uyi;

float Kp,Kd.Ki, Ts.ex,Upx,Uix,Udx,Ux,Uix0,ex0,ADCI,X value_data_x,sign_x;

float ey.Upy,Uiy,Udy,Uy.Uiy0,ey0,ADC2.Y,value_data_y,sign_y;
char a;

int b;

short int rx;

#INT_RDA /" 6)

void RxD_ISR(void)
{
a= getc();
b=(a-0x30);
RX=1;
}
/f#byte rereg = Oxla
/*void s_w(void)
{
char selection;
printf{"\r\n enter your number \r\n");
printf(" 0) start new ");
printf{(" 1) x=+3\r\n");
printf("  2) x=-3\r\n");
printf{("  3) x=0\r\n");
selection=getc();
switch(selection)
{
case '0' : data[0]=2;
break;

case 'l' 1 data[0])=1,data[1]=3,data[2]=0.data[3]=0,data[4]=0;



break;
case "2': dataf0]=1,dataf1]=3,data[2]=1,data[3]=0,data[4}=0;
break;
case '3': data[0]=1,data[ 1]=0,data[2]=0,data[3]=0,data[4]=0;
break;
}
il
/*void s_w(void)
{
char selection;
printf{("\r\n enter your number \r\n");
printf(" 1) x=-3\r\n");
printf(" 2} x=0\r\n");
printf(" 3) x=3\r\n");
printf("  4) y=-3\r\n");
printf("  5) y=0\r\n");
printf("  6) y=3\rn");
selection=getc();
switch(selection)
{
case 'l': data[0]=1,data[1}=3.data[2]=0,data[3]=0, data[4]=0;
break;
case '2': data[0]=1,data[1]=0,data[2]=0,data[3]=0, data[4]=0;
break;
case 3' : data[0]=1,data[1]=3,data[2]=0,data[3]=1, data[4]=0;
break;
case '4' : data[0]=1,data[1]=0,data[2]=3,data[3]=0, data[4]=0;
break;
case '5' : data[0]=1,data[1]=0.dataf2]=0,dataf3]=0, data[4]=0;
break;
case '6' : data[0]=1.data[1]=0,data[2]=3,data[3]=0, data[4]=1;
break;
}
il
void convert_show(void)
{
value_data_x=data[1];
value_data_y=data[2];
sign_x=data[3];
sign_y=data[4];
kp=8.55;
ki=0;
kd=0;

{

value_data_x=value_data_x;
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X = (value_data_x*39)+515;
}

{
value_data_x=-value_data_x;
X = (value_data_x*39)}+515;

}

{
value_data_y=value_data_y;
Y = (value_data_y*37)+520;

}

{
value_data_y=-value data y;
Y = (value_data_y*37)+520;
}
printf(" X-Y :%f %f".X.Y);
//data[0]=1;

}

void ADC(void)

{
set_adc_channel(0);
delay us(10);
ADCl=read_adc();
delay_us(10);
//printf"r\nADC1:%f\r\n",ADC1);
set_adc_channel(1);
delay us(10);
ADC2=read_adc();
delay_us(10);

}

void Gain_PID(void)

{
ex=X-ADCI;
ey=Y-ADC2;
//printf("\r\n ey:%f \r\n" ey);
Upx=Kp*ex;
Upy=Kp*ey;
Udx=Kd*(ex-ex0)/Ts;
Udy=Kd*(ey-ey0)/Ts;
if{((Ux>=650)&(Ux<=650))
{

Uix=Uix0+Ki*(Ts/2)*(ex+ex0);

}
Uix0=Uix;
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ex0=ex;
Ux=Upx+Uix+Udx+150;
ifl(Uy>=650)& (Uy<=650))
{
Uty=Uiy 0+Ki*(Ts/2)*(ey+ey0);
}
Uiy0=Uiy;
eyl=ey;
Uy=Upy+Uiy+Udy+150;
}
void DriveMotor_X(void)
{
iUx>1023.0)
{
Uxi=800;
output_high(pin_b1);
output_low(PIN_b0);
}
ifl(Ux>0.0)&(Ux<1023.0))
{
Uxi=(int16)Ux+600;
output_high(pin_b1);
output_low(PIN_b0);
}
if(Ux==0.0)
{
Uxi=0;
output_low(pin_b1);
output_low(PIN_b0);
}
iflUx<0.0)
{
Uxi=(-1)*(Ux}+600;
/Uxi=(int16)Ux;
iflUxi>1023)
{
Uxi=700;
output_high(pin_b0);
output_low(PIN_b1);
}
else
{
Uxi=Uxi+400;
output_high(pin_b0);
output_low(PIN_b1);



}
/fprintf{" \r\nUxi :%lu\in ", Uxi);
set_pwm1_duty(Uxi);
}
void DriveMotor_Y(void)
{
if(Uy>1023.0)
{
Uyi=700;
output_high(pin_b3);
output_low(PIN_b2);
}
if{(Uy=0.0)&(Uy<1023.0))
{
Uyi=(int16)Uy+400;
output_high(pin_b3);
output_low(PIN_b2);
}
ifilUy=—0.0)
{
Uyi=0;
output_low(pin_b3);
output_high(PIN_b2);
}
if{Uy<0.0)
{
Uyi=(-1)*Uy+600;
//Uyi=(int16)Uy;
if(Uyi>1023)
{
Uyi=700;
output_high(pin_b2);
output_low(PIN_b3);

else

Uyi=Uyi+400;
output_high(pin_b2);
output_low(PIN_b3);

}
// printf(" \\nUyi :%lu\r\n ", Uyi);
set_pwm2_duty(Uyi);

}

/*#int RDA

void RDA_isr()//interrup
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{
3
#int_ TIMERO//interub
void TIMERGO_isr()
{
Jlrestart_wdt();
TimeCount++;
}
void main()
{

//int state=1;
port_b_pullups(TRUE);
setup_adc_ports(RAO_RA1_RA3_ANALOG);
setup_adc(ADC_CLOCK_INTERNAL);
setup_psp(PSP_DISABLED);
setup_spi(FALSE);
setup_timer O(RTCC_INTERNAL|RTCC_DIV_4); // Overflow every 1 msec
set_timer0(6);
setup_timer_1(T1_DISABLED);
setup_timer_2 ( T2_DIV_BY 1,255,1);
setup_ccpl(CCP_PWM);
setup_ccp2(CCP_PWM);
set_tris_c(0x81);

//printf("Test send Serial\r\n");

// printf("Press Number 0-9 : 4 digits\r\n");

Ts=0.002;

Ux=0;
ex0=0;

Uix0=0;

Uy=0;
ey0=0;

Uiy0=0;

count = 0;

TimeCount = 0;
enable_interrupts(INT_TIMERO);
enable_interrupts(INT_RDA);
enable_interrupts(GLOBAL);
enable_interrupts(INT_RDA);
enable_interrupts(GLOBAL);

while(true)

{

D e Yy
if (RX) {
iflb==1)
{
data[0]=1;
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data[1]=3;
data[2]=0;
data[3]=0;
data[4]=0;
}
iflb==2)
{
data[0]=1;
data[1]=0;
data[2]=0;
data[3]=0;
data[4]=0;
}
iflt==3)
{
data[0]=1;
data[1}=3;
data[2]=0;
data[3]=1;
data[4]=0;
JIHJ/F*FAREAE R SRS RA R bR RE AR Y
}
iflb==4)
{
data[0}=1;
data[1]=0;
data[2]=3;
data[3]=0;
data[4]=0;
}
iflb==5)
{
data[0]=1;
data[1]=0;
data[2]=0;
data[3]=0;

data[41=0;

}
iflb==6)

{

data[0]=1;
data[1]=0;
data[2]=3;
data[3]=0;
data[4]=1;
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Private Sub cmdClear_Click()
txtData.Text = ""

End Sub

Private Sub cmdOP_Click(Q
MSCom.CommPort = txtPort. Text
If MSCom.PortOpen = False Then

MSCom.PortOpen = True

End If

End Sub

Private Sub cmdSave_Click()

Dim filelocation As String

' loads save as box
CommonDialogl.ShowSave

filelocation = CommonDialog] .FileName

" append saves over file if it assists
Open filelocation For Append As #1
Print #1, txtData.Text
Close #1
End Sub
Private Sub cmdStp_Click()
MSCom.PortOpen = False
End Sub
Private Sub Form_Load()
MSCom.Settings = "9600,n,8,1"
MSCom.RThreshold = 1
End Sub
Private Sub MSCom_OnComm()
Dim buffer As Variant
If MSCom.CommEvent = comEvReceive Then
buffer = MSCom.Input
txtData. Text = txtData. Text & buffer & vbCrLf
End If
End Sub
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MICROCHIP

.1 1AM 3N IFNU PIC 16F877A

PIC16F87X

28/40-Pin 8-Bit CMOS FLASH Microcontrollers

R MR
Devices Inciuded in this Data Sheet: Pin Diagram
» PIC1BF&73 « PIC16F876 PDIP
» PIC16F874 + PIC16F877
MZLRyer —= [ L/ 40 [ ~—e RE7PSD
- RADANT -1 2 20 [ =—» RBEPEC
Microcontroller Core Features: RAVANT =—= [ 3 38 ] =+ RES
. RAZIANIAREF- w-—a [ 4 37 [ - RE4
= High performance RISC CPU RAIANGVREF+ w—w[] 5 33 ] -—e REZPSM
+ Only 35 single word instructions to learn RAGTOCK =—s-[ 6 38 [J=—= RB2
« All single cyclle instructions except for program ; N ; g EE&W
branches which are two cycle g 0  sHe v
« Operating speed: DC - 20 MHz clock input E
DC - 200 ns instruction cycle i
» Up to BK x 14 words of FLASH Program Memaory, 5
Up to 368 x 8 bytes of Data Memory (RAM) o
Up to 256 x 8 bytes of EEPROM Data Memory 26 [ e Zt:::c‘}:
25 ] +—» RCETX
» Pinout compatible to the PIC16C73B/74B/76/77 [— d ) g ROESDO
= Interrupt capability {(up to 14 sources) RONSCKISCL =—[] 18 23 [ =—= RC4:SDESDA
. . RDOPSFY w—w ] 10
Eight ievel deep hardwar e stack ROPSEPY tl 20
« Direct, indirect and relative addressing modes
« Power-on Reset (POR)

3

Power-up Timer (PWRT) and
Osciilator Start-up Timer (OST)

Watchdog Timer (WDT} with its own on-chip RC
osciliator for reliable operation

Programmabie code protection
Power saving SLEEP mode
Selectable oscillator options

Low power, high speed CMOS FLASH/EEFROM
technology

Fully static design

In-Circuit Serial Programming™ ({CSP) via two
pins

Singte 5V In-Circuit Seriat Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V

High Sink/Source Current: 256 mA

Commercial, Industrial and Extended temperature
ranges

Low-power consumption:

- < 0.6 mA typical @ 3V, 4 MHz
- 20 pA typical @ 3V, 32 khz

- < 1pA typical standby curent

Peripheral Features:

Timer(: 8-bit timer/counter with B-bit prescaler
Timer1: 16-bit timer/counter with prescaler,

can be incremented during SLEEP via external
crystal/clock

Timer2: 8-bit timer/counter with B-bit period
register, prescaier and postscaler

Two Capture, Compare, PWM modules

- Capture is 16-bit, max. resolution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

+ 10-bit multi-channel Anaiog-to-Digital converter

+ Synchronous Serial Port (SSP) with SPi™ (Master
mode) and I2C™ (Master/Siave)

Universal Synchronous Asynchronous Receiver
Transmitter {USART/SCI) with S-bit address
detection

Paraliel Slave Port (PSP) 8-bits wide, with
external RD, WR and CS controls {40/44-pin oniy)
Brown-out detection circuitry for

Brown-out Reset (BOR)

2001 Microchip Technology Inc.
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