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Thoranin Panta 2008: Level Control System Prototype Design and Implementation. Master
of Engineering (Electrical Engineering), Major Field: Electrical Engineering, Department of
Electrical Engineering. Thesis Advisor: Assistant Professor Peerayot Sanposh, D.Sc. 142
pages.

In manufacturing process, there are several errors due to human, machine, instrumentation,
etc. Therefore, arising problems can be solved by using high efficient controller. This thesis is to
study control method to solve manufacturing problem by designing liquid level controller. This work
includes finding the system model and design control method in order to applied to the real process.

This thesis proposes a method of finding the model of 2 - tank and 3 - tank level process. In
order to analyze the relationship among process variables. Then, the PI controller method is present.
To the controller ability this research implement the controller on a personal computer and on
microcontroller ARM?.

Student’s signature Thesis Advisor’s signature
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-0.0004

! 1 1 10 01 001 001 01

-0.5126
-0.2376
-0.0458
-0.0004
-0.0046

0 10 10 0 1 01 01 1

-0.6713
-0.4055
-0.1631
-0.0185
-0.0123

0 10 10 70 101 01 1

-0.7579
-0.5199
-0.1960
-0.0136
-0.0096

500 100 100 500 10 1 110

-3.5879
-2.4350
-0.3016
-0.0209
-0.0183
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************************************************/

*  Program for "CP-JR ARM7 USB-LPC2148"  */

*  Target MCU : Philips ARM7-LPC2148 ¥
*  Crystal ; 12.00 MHz *
*  Run Speed 60.00 MHz (With PLL) *
* PLL Setup=M(5),P(2) *
*  VPB Clock = CPU ,Clock = 60.00 MHz ¥
* Keil Editor ; uVision3 V3.03a ¥
* Compiler - Keil CARM V2.50a *

>
>

Create By - Mr.Thoranin Panta /

Function:PID_Controller with ADC,DAC,UARTL,*/
LCD 16x2 /

Main Program: DAC measure by ADC *

and monitor to LCD,UARTL ~ */

Object : PI Control Two Tank Interacting /

Last Update : 09/08/2007 *

************************************************/

LPC2148 <---> T4AHC59%

MOSI(P0.6) ----> DIN(14)

SCK(P0.4) ------> Shift(11)

MISO(P0.5) ------- NC

GPIO0.2 - > Latch(12)

LPC2148 SS(P0.7) = "1"(SPI Master Mode)

/I T4HC595 OE(13) ="0"(Output Enable)

/I T4HC595 MCLR(10) = "1"(Not Reset)

>* >* >* >* >*
>* >*

*

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

/
/
/SC
/
/
/

[* Warning Pull-Up 10K on SPI Pin
->Pin GP100.2 (Latch)
->Pin GP100.4 (SCK)
->Pin GP100.6 (SDI)

112



->Pin GP100.7 (CS)*/
#include "LPC214x.H" /I LPC2148 MPU Register
#include <stdio.h>
#include <stdlib.h>
#include <math.n>
#include <string.h>
#include <float.h>
#include <lcdh.n>
#include <uartl.h>
float lo1,102; [l nitial Gobal Value

/*************************************************/

[**** Eunction ADC monitor by LCD 16x2 and UARTL ***/

/*************************************************/

float Al1(void) Il Select ADO.1 Pin0.28
{
unsigned int value;
float voltL;
ADOINTEN =0; /I Disable ADC Interrupt
ADOCR = 0x01210602; I/ nitial ADCO (ADCR=0x01210602)

do{value = ADODRY;}
while((value & 0x80000000) == 0);
value = (value >> 6) & 0x03FF; // Read Value from ADC

113

voltl = (value/102.3); Il Change Value to Real Data for High Level Tank 1
return(voltl);

}

float AI2(void) I Select AD0.2 Pin0.29

{

unsigned int value;

float volt2;

ADOINTEN =0; /I Disable ADC Interrupt
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ADOCR = 0x01210604; Il nitial ADCO (ADCR=0x01210604)

do{value = ADODR2;}

while((value & 0x80000000) == 0);

value = (value >> 6) & 0x03FF; // Read Value from ADC

volt2 = (value/102.3); Il Change Value to Real Data for High Level Tank 2
return(volt2);

}

***************************************************/

/
[¥** Function DAC MCP4922DAC for SPI e
/

***************************************************/

void DAC(unsigned char ch,unsigned short value)

{

unsigned char i;

unsigned short buffer shr;

i=16;

shr = 0x00008000; I Compare Select Bit

buffer = valug; I Load initial Value

|OCLR0 = 0x00000080; Il Chip select Active (Start Chips Select)

while(i)

{
buffer &= 0x00000FFF; Il Clear Configuration MSB
if(ch==L){buffer |= 0x00007000;}  // Load Configuration MSB for Channel A Qutput

else{buffer |= 0x0000F000;}  // Load Configuration MSB for Channel B Qutput
buffer &= shr:
if(buffer==shr){IOSETO |- 0x00000040;} Il SP1 Bit Output Active High

else{IOCLRO |- 0x00000040;} Il SPI Bit Qutput Active Low
|OSETO |- 0x00000010; Il Clock toggle

|OCLRO = 0x00000010;

shr>>=1; Il Shift Rigth Bit for Compare

buffer = value: /I Load Value



|-, Il Decrease Loop

}
|OSETO = 0x00000080; Il Chip select Unactive  (Stop Chips Select)
I0CLRO |~ 0x00000004; I/ Falling Edge Latch
delay(1);
|0SETO |= 0x00000004; I/ Rising Edge Latch
}
/****************************************************/
[Frx Function PID kK|

/****************************************************

P:Controller Gain

|:Integral action rate(1/s) = kifkp

D:Derivative action time constant(s)

spl: Setpoint in unit Preess

Td:Sample time used to compute the derivative mode action(S)
ero:Previous error

PB:Proportional Band = ((Umax - Umin)/K) X 100%

khkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

ern = sp-input; I New error

Pn=P*em; /I New Proportional Gain

In = lo+P*[*Td*ern; I New Integral action rate(1/s)

Del_er =ern-ero; Il Current Different Error

Dn = (P*D*Del_er)/Td; I New Derivative action time constant(s)

Vn = (Pn+In+Dn); /I New Value process

lo=In; Il Load New Integral action rate for use next time
ero = em; II'Load New Error for use next time

/****************************************************

P1:Controller Gain=5
|1:Integral action rate(L/s) = 0.02
D1:Derivative action time constant(s) = 0
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spl: Setpoint in unit Process = 15 Centimeter
Td:Sample time used to compute the derivative mode action = 500 mSec

******************************************************/

float PID1(float LV1) Il Configuration PID1
{
float em,VnL,Pn,In,sp;
sp=50; Il Calculate set point by set point(unit)/maxprocess(unit) give percentage
ern=sp-LV1; Il ero:New error in percentage
Pn =5%rm; /I New Proportional Gain
In=1lol+(0.1*ern); [/ New Integral action rate(L/s)
Vnl="Pn+in; I New Value process
lol=1In; II'Load New Integral action rate for use next time
return(Vnd); Il Return New Value process
}

/******************************************************

P2:Controller Gain =2

|1:Integral action rate(L/s) = 0.01

D2:Derivative action time constant(s) = 0

sp2: Setpoint in unit Process = 10 Centimeter

Td:Sample time used to compute the derivative mode action = 500 mSec

******************************************************/

float PID2(float LV2) Il Configuration PID2
{
float em,Vn2,Pn,In,sp;
sp=33.3; Il Calculate setpoint by setpoint(unit)/maxprocess(unit) give percentage
ern=sp-LV2,; Il ero:New error in percentage
Pn =2%em; I New Proportional Gain
In = 102+(0.05*em); /I New Integral action rate(1/s)
Vn2 =Pn+in; I New Value process
02 =In; II'Load New Integral action rate for use next time
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return(Vn2); Il Return New Value process

}

/****************************************************/

[Frx* Initial Program before start Program ~ ***¥/

/****************************************************/

void init(void)

{

unsigned char i;
101=0;102=0;

Il nitial AD0.1,AD0.2 (GP10-0.28,0.29) By Set PINSEL1[25:24=01], PINSEL1[27:26=01]
PINSEL1 &=0xFOFFFFFF;  // Select AD0.1 Pin0.28 & AD0.2 Pin0.29
PINSEL1 |=0x05000000;

/I nitial SP10 Pin Connect is P0.4 to P0.7 & Initial P0.2 = Output Latch SPI(MPC4922)
PINSELO &= OxFFFFOO0F;  // Reset P0.0,P0.1 Pin Config
IODIRO = 0x000000D4; /I'P0.2 is Latch Qutput Port
IIP0.4 is SCK(SPI0)
II'P0.6 is SDI(SPIO)
II'P0.7 is CS(SPIO)
|OSETO = 0x000000C4; I Normal Latch "0" Latch = 1
IOCLRO |~ 0x00000010; I Normal Clock "0" Active = "1"
Il Master Out DATA SPI ="1"
Il nitial DAC Channel 1,2 SPI(MPC4922)
DAC(L,0x00); Il Send to Analog Channel A which Output_1
DAC(2,0x00); Il Send to Analog Channel B which Output 2

/I nitial LCD Display
goto_cursor(0x00);
lcd_print("LV_1="),
for(i=0;i<10;i++){lcd_write_ascii(0x20); }// Clear Display Percentage on LCD



goto_cursor(0x0F);
led_print("%");
goto_cursor(0x40);
led_print("LV_3="):

for(i=0;i<10;i++){lcd_write_ascii(0x20); }// Clear Display Percentage on LCD

goto_cursor(0x4F);
led_print("%");
}

****************************************************/

/
[Frx Main Program Start Here kK|
/

****************************************************/

int main(void)

{

float LVL,LV2,CV1CV2;

unsigned int UL,U2;

char r1[7]r2[7];

init_serial0();

lcd_init();

init();

while(1)
{
LV1=AlL);
LV2 = Al2();
LV1=LVI*0.1;
LV2 = LV2*10.1;
CV1=PIDY(LV1),
CV2=PID2(LV2),
if(CV1<0){U1=0:}
else{U1=CV1}
if(CV2<0){U2=0:}

Il Control Valve in Percentage

Il nitial UART0 = 9600,N,8,1

[l nitial LCD

INnitial Program before start Program
II'Loop Program Continue

II Call ADC Function for value which is inputl

Il Call ADC Function for value which is input2

Il Calculation for PID 1
Il Calculation for PID 2
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else{U2=CV2;}

DAC(L,U1); Il Send to Analog Channel A which Qutput_1
DAC(2,U2); /I Send to Analog Channel B which Output 2
CV1=(CV1/40.95)*1;

CV2=(CV2/40.95)*1;

if(CV1>4095){CV1=4095;}

if(CV2>4095){CV2=4095;}

sprintf(r1,"%4.0",CV1); Il Print Value to Stirng Control Valve 1
sprintf(r2,"%4.0f",CV2); Il Print Value to Stirng Control Valve 2
goto_cursor(0x08);

lcd_print(rl); I/ Display Value Control value 1 on LCD
goto_cursor(0x48);
lcd_print(r2); I/ Display Value Control value 2 on LCD

printf("\rPercent CV1 = %1.2f %%" ,CV1); Il Display 3-Digit Result(0-3.3V) in
Percentage

printf("\t\tPercent CV2 = %1.2f %%".CV2); I/ Display Percentage for Control
Valve on PC

}



MANUIN D
maou Tusunsunim C dwsumsaiuauuuy Pl uudalulasneuInsames ARMT

FMSUNTLUIUMITTLAY 3 B9



121

/*************************************************/

[* Program For "CP-JR ARMT7 USB-LPC2148"  */

[* Target MCU : Philips ARM7-LPC2148 ¥

[ Crystal : X-TAL : 12.00 MHz ¥

[* Run Speed 60.00 MHz (With PLL) *

¥ PLL Setup = M(5),P(2) ¥

[* VPB Clock = CPU Clock = 60.00 MHz ¥

[* Keil Editor : uVision3 V3.03a *

[* Compiler : Keil CARM V2.50a *

[ Create By : Mr.Thoranin Panta *

[* Function: P1_Controller with ADC,DAC,UARTL, */

[* LCD 16x2 ¥

[*  Main Program: Measure by ADC and monitor by */

[* LCD,UARTL ¥

[*  Object: PI Control Three Tank Interacting *

[*  Last Update : 18/04/2008 *
/************************************************/
#include "LPC214x.H" /I LPC2148 MPU Register
#include <stdio.h>

#include <stdlib.h>

#include <math.h>

#include <string.h>

#include <float.h>

#include <lcdh.h>

#include <uartl.h>
/****************************************************/
[Frx Assigned Port and Variable kK|

/****************************************************/

#define servol on() IOSETO |- 0x00000100  // Servol =1 (PIN 0.8)
#define servol off() IOCLRO [= 000000100  // Servol=0



#define servo3_on() IOSETO |= 0x00000200
#define servo3_off() IOCLRO [ 0x00000200
#define led on() |OCLRO |= 000000400
#define led_off() |OSETO0 |- 0x00000400
#define sw_mode_set() 10SETO |~ 0x00000800 /
float 1011,1012,1031,1032; |

/************************/

[****Eunction Delay ~ ****/
/************************/

Servo2=1(PIN0.9)
Servo2 =0

ED= 0(PIN010)

ED

Switch Mode 1(PINIO0.12)
Initial Gobal Value

/
/
/
/

_ = == = = ==
—r

void delay_ms(long int ms)
{

long int i )
for(i=0;i<ms;i++)
for(j=0;]<6666;j++);

}

/****************************************************/

[**** Eunction ADC monitor by LCD 16x2 and UARTL ****/

/****************************************************/

float Sensord() Il Select ADO.1 Pin 0.28
{
unsigned int value;
float volt;
ADOINTEN =0; /I Disable ADC Interrupt
ADOCR = 0x01210602; I/ nitial ADCO (ADCR=0x01210602)

do{value = ADODRY;}

while((value & 0x80000000) == 0);

value = (value >> 6) & 0x03FF; // Read Value from ADC

volt = (value/10.23); Il Convert to Percentage for sensor tank 1
return(volt);
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float Sensor3() Il Select ADO.2 Pin0.29
{
unsigned int value;
float volt;
ADOINTEN =0; /I Disable ADC Interrupt
ADOCR = 0x01210604; Il nitial ADCO (ADCR=0x01210604)

do{value = ADODR2;}
while((value & 0x80000000) == 0);
value = (value >> 6) & 0x03FF; // Read Value from ADC

volt = (value/10.23); Il Convert to Percentage for sensor tank 3
return(volt);
}
float VR1() I Select ADO.3 Pin0.30
{
unsigned int value;
float volt;
ADOINTEN =0; /I Disable ADC Interrupt
ADOCR = 0x01210608; Il nitial ADCO (ADCR=0x01210608)
do{value = ADODR3;}
while((value & 0x80000000) == 0);
value = (value >> 6) & 0x03FF; // Read Value from ADC
volt = (value/10.23); Il Convert to Percentage for VR _1
return(volt);
}
float VRY() Il Select ADO.4 Pin0.25
{
unsigned int value;
float volt;
ADOINTEN =0; /I Disable ADC Interrupt

ADOCR = 0x01210610; Il nitial ADCO (ADCR=0x01210610)



do{value = ADODR4;}
while((value & 0x80000000) == 0);
value = (value >> 6) & 0x03FF; // Read Value from ADC

volt = (value/10.23); Il Convert to Percentage for VR 3
return(volt);

}

/****************************************************/

[Frx* Function PID ek

/****************************************************

P:Controller Gain

|:Integral action rate(1/s)=Ki/Kp

D:Derivative action time constant(s)

spl: Setpoint in unit Preess

Td:Sample time used to compute the derivative mode action(S)
ero:Previous error

PB:Proportional Band = ((Umax - Umin)/K) X 100%

kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk

ern = sp-input; Il New error

Pn =P*em; I New Proportional Gain

In = lo+P*[*Td*ern; I New Integral action rate(1/s)

Del_er = em-gro; Il Current Different Error
Il
Il

Dn = (P*D*Del _er)/Td;

Vn = (Pn+In+Dn); New Value process
lo=In; Il Load New Integral action rate for use next time
ero =em; II'Load New Error for use next time

/****************************************************

P11:Controller Gain=7
|11:Integral action rate(1/s) = 0.01
P12:Controller Gain =1
112:Integral action rate(1/s) = 0.01

New Derivative action time constant(s)
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D1:Derivative action time constant(s) = 0
spl: Set point in unit Process = 15 Centimeter
Td:Sample time used to compute the derivative mode action = 500 mSec

******************************************************/

float PI1(float LV1,float LV3) Il Configuration PI1
{
float Vn,Vn11,Vn12 em1,em3,Pn1lPn12,In1l In12:
erl =50-LV1, Il eroL:New error in percentage
ern3 = 16-LV3; Il ero3:New error in percentage
Pn1l=T7*eml; /I New Proportional Gain
Pn12 = 1*em3; /I New Proportional Gain
In11 = 1011+(0.035*ernd); I New Integral action rate(1/s)
In12 = 1012+(0.005*ern3); I New Integral action rate(1/s)
Vn1l=Pnll+Inll; I New Value process
Vn12 =Pn12+In12; I New Value process
Vn=Vnll+Vn12; I New Value process
lo11 = In1L; Il Load New Integral action rate for use next time
012 = In12; Il Load New Integral action rate for use next time
return(Vn); Il Return New Value process

}

/******************************************************

P31:Controller Gain=1

131:Integral action rate(1/s) = 0.01

P32:Controller Gain = 10

132:Integral action rate(1/s) = 0.1

D2:Derivative action time constant(s) = 0

sp2: Setpoint in unit Process = 5 Centimeter

Td:Sample time used to compute the derivative mode action = 500 mSec

******************************************************/

float P13(float LV1,float LV3) Il Configuration PI1
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{
float Vn,Vn31,Vn32 em1,em3,Pn31,Pn32,In31,In32;
ernl =50-LV1, Il eroL:New error in percentage
ern3 = 16-LV3; Il ero3:New error in percentage
Pn31 = 1*eml; /I New Proportional Gain
Pn32 = 10*em3; /I New Proportional Gain
In31 = 1031+(0.005*emd); I New Integral action rate(1/s)
In32 = 1032+(0.5*erm3); I New Integral action rate(1/s)
Vn31 =Pn3L+In3L; I New Value process
Vn32 = Pn32+In3z; I New Value process
Vn=Vn31+Vn32; I New Value process
031 = In3L; II'Load New Integral action rate for use next time
1032 = In32, II'Load New Integral action rate for use next time
return(Vn); Il Return New Value process
}

/************************/

[¥*¥** - Gervo Control ~ ****/
/************************/

void servo(float sv1,float sv3)
{
unsigned int v1,v3;
unsigned short i,
if(sv1<1){v1=180;}
else{v1 =200-sv1;}
if(sv3<1){v3=180;}
else{v3 = 200-sv3;}
servol on(); I Servo start at origin by Ton is 20 ms
for(i=0;i<v1;i++){for(j=0;j<65;++);} /I Servo active by Ton 0.1 msto 20 ms
servol off();
servo3_on();



for(i=0;i<v3;i++){for(j=0;<65;j+);} I/ Servo active by Ton 0.1 ms to 20 ms
servo3_off();

}

****************************************************/

/
[****nitial Program before start Program ~~ ***¥/
/

****************************************************/

void init(void)

{

unsigned char i;
1011=0:1012=0;
1031=0;1032=0;

Il nitial AD0.1=Pin0.28, AD0.2=Pin0.29, AD0.3=Pin0.30, AD0.4=Pin0.25
Il PINSEL1[25:24=01] PINSEL1[27:26=01] PINSEL1[29:28=01],PINSEL1[19:18=01]
PINSEL1 &=0xCOF3FFFF;

PINSEL1 |=0x15040000; Il Define GPI0 is ADC
PINSELO &= OXFFFFFOFF;
|ODIR0 |= OXFFFFFTFF; I/ Define GPIO is Output and Input

Il nitial LCD Display
goto_cursor(0x00);
led_print("LV_1=");
for(i=0;i<10;i++){lcd_write_ascii(0x20);}// Clear Display Percentage on LCD
goto_cursor(0x0F);
led_print("%");
goto_cursor(0x40);
led_print("LV 3="):
for(i=0;i<10;i++){lcd_write_ascii(0x20); }// Clear Display Percentage on LCD
goto_cursor(0x4F);
led_print("%");
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/****************************************************/

[Frx Main Program Start Here Horkk|

/****************************************************/

int main(void)

{

float CV1,CV3;

unsigned int Sen1,5en3,VR_1,VR 3;

unsigned char mode;

char r[7],r2[7];

init_serial0(); Il nitial UART0 = 9600,N,8,1
lcd_init(); Il nitial LCD

init(); /IPB1,PB3,Initial Program before start Program
mode=0;

while(1) II'Loop Program Continue

if((IOPINO & 0x00000800)==0)
{
while((IOPINO & 0x00000800)==0);
delay_ms(10);
mode=!mode:
}

switch (mode)

{

case 0:
{
led_off();
VR _1=VRY(); // Call ADC Function for value which is inputl
VR 3=VR3(); // Call ADC Function for value which is input2
servo(VR_1L,VR 3);
sprintf(r1,"%4.0d",VR_1); // Print Value to Stirng Control Valve 1
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Percentage

Valve on PC

inputl

input2

case 1

129

sprintf(r2,"%4.0d",VR_3); I/ Print Value to String Control Valve 2
goto_cursor(0x08);

lcd_print(rl); I/ Display Value Control value 1 on LCD
goto_cursor(0x48);
lcd_print(r2); I/ Display Value Control value 2 on LCD

printf("\rVR_1=%2d " VR 1); I Display 3-Digit Result(0-3.3V) in
printf("\tVR_3=%2d ",VR_3); I/ Display Percentage for Control

}oreak;

{
led_on();

Senl = Sensorl(); Il Call ADC Function for value which is
Sen3 = Sensor3(); Il Call ADC Function for value which is

CV1=PI1(Sen1,Sen3);

CV3=PI3(Sen1,Sen3);

CV1=CV1*100;

CV3=CV3*100;

if(CV1>100)CV1=100;

else if(CV1<0)CV1=0;

if(CV3>100)CV3=100;

else if(CV3<0)CV3=0;

servo(CV1,CV3);

sprintf(r1,"%4.0d" Sen); // Print Value to String Control Valve 1
sprintf(r2,"%4.0d" Sen3); // Print Value to String Control Valve 2
goto_cursor(0x08);

lcd_print(rl); I/ Display Value Control value 1 on LCD
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goto_cursor(0x48);

lcd_print(r2); I/ Display Value Control value 2 on LCD
I/ Display Control Valve on PC
printf(*"\r%2.0f\t%2.01\t%2.01\t%2.0f\t%d\t%c\t%d:%d",
CV1,CV3,LV1,LV3,sp1,sp3,MIN,SEC);

}oreak;
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