LAMPIRAN

Lampiran 1 Daftar program untuk tuning konstanta PID

#include <MsTimer2.h>

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int toggle,PID;
unsigned long int timer;

float distance;

void timing(){
if(toggle==1){timer++;}
else{}

¥

void pwm (int x){
if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);
¥
else if(x>0){
analogWrite(PWMPINL,x);



digital Write(PWMPINR,LOW);

¥

else if(x<-255){
analogWrite(PWMPINR,255);
digital Write(PWMPINL,LOW);,

¥

else if(x<0){
analogWrite(PWMPINR,-(X));
digitalWrite(PWMPINL,LOW);,

¥

else{
digitalWrite(PWMPINL,LOW);
digitalWrite(PWMPINR,LOW);

¥
¥

void readDistance(){

digitalWrite(TRIGPIN, LOW); /I Set the trigger pin to low for 2uS
delayMicroseconds(2);

digitalWrite(TRIGPIN, HIGH); // Send a 10uS high to trigger ranging
delayMicroseconds(10);

digitalWrite(TRIGPIN, LOW); [/l Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); /I Read in times pulse
distance=83-(duration/5.8);

if(distance<0){distance=0;}

else{distance=distance;}

delay(10); /' Wait 10mS before next ranging



void setup() {
pinMode(PWMPINL,OUTPUT);
pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);

Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL, Time, Timer,Distance");

MsTimer2::set(10, timing); // 500ms period

MsTimer?2::start();
}
void loop() {

toggle=0;

pwm(0);

readDistance();

Serial.printin( (String) "DATA,TIME," + timer + "," + distance + ",");
if(digitalRead(BUTTON)==LOW){

while(1){

toggle=1;

readDistance();

pwm(0);

Serial.printIn( (String) "DATA, TIME," + timer + "," + distance + ",");



Lampiran 2 Daftar program untuk kontrol PI1D

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PI1D;
float iDistance,kp=0.6,ki=0.12,kd=0.03,P,1,D;

void pwm (int x){

if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);

}

else if(x>0){
analogWrite(PWMPINL,x);
digitalWrite(PWMPINR,LOW);

}

else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);

b

else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);,
digitalWrite(PWMPINR,LOW);

¥
¥

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd;
PID=(int)(P+1+D);
lastError=error;
pwm(PID);

}

void readDistance(){
digitalWrite(TRIGPIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIGPIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN, LOW);

Il Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging

// Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); /I Read in times pulse

distance=(int)(83-(duration/5.8));
if(distance<0){distance=0;}

else{distance=distance;}

delay(10); /' Wait 10mS before next ranging

}
void sendToExcel(){



Serial.printin( (String) "DATA,TIME," + distance + "," + error + """ + lastError +
"UHP4""+1+""+D+""+PID+"");
}
void setup() {

/I put your setup code here, to run once:

pinMode(PWMPINL,OUTPUT);

pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);

Serial.begin(9600);

Serial.printin("CLEARSHEET");

Serial.printin("LABEL, Time,Distance,Error,lastError,P,1,D,PID");
}
void loop() {

pwm(0);
if(digitalRead(BUTTON)==LOW){

while(1){

setDistance(10); //set point is 20mm
/I setDistance(15); //set point is 15mm
/I setDistance(20); //set point is 20mm
/I setDistance(25); //set point is 25mm
Il setDistance(30); //set point is 30mm

readDistance();

sendToExcel();

}



Lampiran 3 Daftar Program untuk pengujian tipe kontroler P untuk set point 15mm

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PID;
float iDistance,kp=0.5,kd=0,P,1,D;
char ki="infinity";
void pwm (int x){
if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);
}
else if(x>0){
analogWrite(PWMPINL,X);
digitalWrite(PWMPINR,LOW);
}
else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);
b
else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);,
digitalWrite(PWMPINR,LOW);

¥
¥

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd,;
PID=(int)(P+1+D);
lastError=error;
pwm(PID);

void readDistance(){
digitalWrite(TRIGPIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIGPIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN, LOW);

/I Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging

// Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); // Read in times pulse

distance=(int)(83-(duration/5.8));
if(distance<0){distance=0;}

else{distance=distance;}

delay(10); /I Wait 10mS before next ranging



}
void sendToExcel(){

Serial.printin( (String) "DATA,TIME," + distance + "," + error + "," + lastError +
"," +P+ "," + |+ "," +D+ "," + PID + "," );
¥
void setup() {

/I put your setup code here, to run once:

pinMode(PWMPINL,OUTPUT);

pinMode(PWMPINR,OUTPUT);

pinMode(ECHOPIN,INPUT);

pinMode(TRIGPIN,OUTPUT);

pinMode(BUTTON,INPUT_PULLUP);

Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL, Time,Distance,Error,lastError,P,1,D,PID");

}
void loop() {

pwm(0);
if(digitalRead(BUTTON)==LOW){

while(21){

setDistance(15); //set point is 15mm

readDistance();

sendToExcel();

}



Lampiran 4 Daftar Program untuk pengujian tipe kontroler P untuk set point 30mm

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PID;
float iDistance, kp=0.5,kd=0,P,1,D;
char ki="infinity";
void pwm (int x){
if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);
}
else if(x>0){
analogWrite(PWMPINL,X);
digitalWrite(PWMPINR,LOW);
}
else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);
}
else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);
digitalWrite(PWMPINR,LOW);

k
ki

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd,
PID=(int)(P+I+D);
lastError=error;
pwm(PID);

void readDistance(){

digitalWrite(TRIGPIN, LOW); /I Set the trigger pin to low for 2uS
delayMicroseconds(2);

digitalWrite(TRIGPIN, HIGH); // Send a 10uS high to trigger ranging
delayMicroseconds(10);

digitalWrite(TRIGPIN, LOW); // Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); // Read in times pulse
distance=(int)(83-(duration/5.8));

if(distance<0){distance=0;}

else{distance=distance;}

delay(10); // Wait 10mS before next ranging



void sendToExcel(){
Serial.printin( (String) "DATA, TIME," + distance + "," + error + "," + lastError
+""HPH"" I+ "+ D+""+PID+"");

ks

void setup() {
/I put your setup code here, to run once:
pinMode(PWMPINL,OUTPUT);
pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);
Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL, Time,Distance,Error,lastError,P,1,D,PID");
}
void loop() {
pwm(0);
if(digitalRead(BUTTON)==LOW){
while(1){
setDistance(30); //set point is 30mm
readDistance();
sendToExcel();

¥



Lampiran 5 Daftar Program untuk pengujian tipe kontroler Pl untuk set point 15mm

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PI1D;
float iDistance,kp=0.45,ki=20,kd=0,P,I,D;

void pwm (int x){

if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);

¥

else if(x>0){
analogWrite(PWMPINL,x);
digitalWrite(PWMPINR,LOW);

¥

else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);

b

else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);,
digitalWrite(PWMPINR,LOW);

¥
¥

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd;
PID=(int)(P+1+D);
lastError=error;
pwm(PID);

void readDistance(){
digitalWrite(TRIGPIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIGPIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN, LOW);

/I Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging

// Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); // Read in times pulse

distance=(int)(83-(duration/5.8));
if(distance<0){distance=0;}

else{distance=distance;}

delay(10); // ' Wait 10mS before next ranging



void sendToExcel(){
Serial.printin( (String) "DATA,TIME," + distance + "," + error + """ + lastError +

ll,ll + P + ll,ll + I + ll,ll + D + ll,ll + PID + ll,ll );

}

void setup() {
/I put your setup code here, to run once:
pinMode(PWMPINL,OUTPUT);
pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);
Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL,Time,Distance,Error,lastError,P,I1,D,PID");
}
void loop() {
pwm(0);
if(digitalRead(BUTTON)==LOW){
while(21){
setDistance(15); //set point is 15mm
readDistance();
sendToExcel();

}



Lampiran 6 Daftar Program untuk pengujian tipe kontroler Pl untuk set point 30mm

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PI1D;
float iDistance,kp=0.45,ki=20,kd=0,P,I,D;

void pwm (int x){

if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);

¥

else if(x>0){
analogWrite(PWMPINL,x);
digitalWrite(PWMPINR,LOW);

¥

else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);

b

else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);,
digitalWrite(PWMPINR,LOW);

¥
¥

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd,;
PID=(int)(P+1+D);
lastError=error;
pwm(PID);

void readDistance(){
digitalWrite(TRIGPIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIGPIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN, LOW);

/I Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging

// Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); // Read in times pulse

distance=(int)(83-(duration/5.8));
if(distance<0){distance=0;}

else{distance=distance;}

delay(10); /' Wait 10mS before next ranging



void sendToExcel(){
Serial.printin( (String) "DATA,TIME," + distance + "," + error + "," + lastError +

ll,ll + P + ll,ll + I + ll,ll + D + ll,ll + PID + ll,ll );

}

void setup() {
/I put your setup code here, to run once:
pinMode(PWMPINL,OUTPUT);
pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);
Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL,Time,Distance,Error,lastError,P,I1,D,PID");
}
void loop() {
pwm(0);
if(digitalRead(BUTTON)==LOW){
while(21){
setDistance(30); //set point is 30mm
readDistance();
sendToExcel();

}



Lampiran 7 Daftar Program untuk pengujian tipe kontroler PID untuk set point 15mm

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PI1D;
float iDistance,kp=0.6,ki=0.12,kd=0.03,P,1,D;

void pwm (int x){

if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);

¥

else if(x>0){
analogWrite(PWMPINL,x);
digitalWrite(PWMPINR,LOW);

¥

else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);

b

else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);,
digitalWrite(PWMPINR,LOW);

¥
¥

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd,;
PID=(int)(P+1+D);
lastError=error;
pwm(PID);

void readDistance(){
digitalWrite(TRIGPIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIGPIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN, LOW);

/I Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging

// Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); // Read in times pulse

distance=(int)(83-(duration/5.8));
if(distance<0){distance=0;}

else{distance=distance;}

delay(10); // ' Wait 10mS before next ranging



void sendToExcel(){
Serial.printin( (String) "DATA,TIME," + distance + "," + error + "," + lastError +

ll,ll + P + ll,ll + I + ll,ll + D + ll1ll + PID + II,II );

}

void setup() {
/I put your setup code here, to run once:
pinMode(PWMPINL,OUTPUT);
pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);
Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL,Time,Distance,Error,lastError,P,I1,D,PID");
}
void loop() {
pwm(0);
if(digitalRead(BUTTON)==LOW){
while(21){
setDistance(15); //set point is 15mm
readDistance();
sendToExcel();

}



Lampiran 8 Daftar Program untuk pengujian tipe kontroler PID untuk set point 30mm

#define BUTTON 2
#define TRIGPIN 7
#define ECHOPIN 8
#define PWMPINR 10
#define PWMPINL 11

int distance,error,lastError,deltaError,PI1D;
float iDistance,kp=0.6,ki=0.12,kd=0.03,P,1,D;

void pwm (int x){

if(x>255){
analogWrite(PWMPINL,255);
digitalWrite(PWMPINR,LOW);

¥

else if(x>0){
analogWrite(PWMPINL,x);
digitalWrite(PWMPINR,LOW);

¥

else if(x<-255){
analogWrite(PWMPINR,255);
digitalWrite(PWMPINL,LOW);

b

else if(x<0){
analogWrite(PWMPINR,-(x));
digitalWrite(PWMPINL,LOW);

¥



else{
digitalWrite(PWMPINL,LOW);,
digitalWrite(PWMPINR,LOW);

¥
¥

void setDistance(int setpoint){
error=setpoint-distance;
iDistance+=error;
deltaError=error-lastError;
P=error*kp;
I=iDistance*ki;
D=deltaError*kd,;
PID=(int)(P+1+D);
lastError=error;
pwm(PID);

void readDistance(){
digitalWrite(TRIGPIN, LOW);
delayMicroseconds(2);
digitalWrite(TRIGPIN, HIGH);
delayMicroseconds(10);
digitalWrite(TRIGPIN, LOW);

/I Set the trigger pin to low for 2uS

// Send a 10uS high to trigger ranging

// Send pin low again

long duration = pulseIn(ECHOPIN, HIGH); // Read in times pulse

distance=(int)(83-(duration/5.8));
if(distance<0){distance=0;}

else{distance=distance;}

delay(10); // ' Wait 10mS before next ranging



void sendToExcel(){
Serial.printin( (String) "DATA,TIME," + distance + "," + error + "," + lastError +

ll,ll + P + ll,ll + I + ll,ll + D + ll,ll + PID + ll,ll );

}

void setup() {
/I put your setup code here, to run once:
pinMode(PWMPINL,OUTPUT);
pinMode(PWMPINR,OUTPUT);
pinMode(ECHOPIN,INPUT);
pinMode(TRIGPIN,OUTPUT);
pinMode(BUTTON,INPUT_PULLUP);
Serial.begin(9600);
Serial.printin("CLEARSHEET");
Serial.printin("LABEL,Time,Distance,Error,lastError,P,I1,D,PID");
}
void loop() {
pwm(0);
if(digitalRead(BUTTON)==LOW){
while(21){
setDistance(30); //set point is 30mm
readDistance();
sendToExcel();

}
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