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@) Open loop Control using Arduino

@) Close loop Control using Arduino

@) Practices



Basics Control Flow

Arduino Amplifier Actuator
Command
-
‘ 4.
0—100% PWM (0 — 255 = 0-100%) DC Electrical
Digital (Low and High) or

Analog (0 — 5 Volt) AC Electrical



Example Control

Control ON/OFF of LED

Application Ex.  mp Control Pneumatic Solenoid valve

Control Lightness of LED

Application Ex. ~ mp Control Speed DC motor
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Open loop Control using Arduino

Control ON/OFF of LED

@ J o U b= Ww N OB

= I e
w N P O

int led = 13; // connect LED to pin 13
int pin = 7; // connect pushbutton to pin 7
int value = 0; // wvariable to store the read value

void setup() {
pinMode (led, OUTPUT); //
pinMode (pin, INPUT) ; !/
}
void loop() {
value = digitalRead(pin);
digitalWrite(led, wvalue);

set pin 13 as output

set pin 7 as input

// set value equal to the pin 7 input
// set LED to the pushbutton value



Control Pneumatic Solenoid valve

0-24 Volt DC

ON/OFF

‘;&

Air outlet

Air inlet




Control Lightness of LED

int led 3; // connect LED to pin 13

t

int pin = 0; // potentiometer on analogy pin O

int value = 0; // variable to store the read wvalue

void setup() {

}

void loop() {
value = analogRead(pin); // set value equal to the pin 0’s input
value /= 4; // converts 0-1023 to 0-255

10 analogWrite(led, value); // output PWM signal to LED

11}

12
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Adjustable % Duty cycle Device

Voltage

0%

Duty Cycle Du

25 %
ty Cycle

50 % 75 %
Duty Cycle

Duty Cycle
«—>

100 %
Duty Cycle
—>

e | Average Voltage




Basics Control Flow

Arduino + PID Amplifier Actuator
r
Command | B
SV Auto adjust input command

Output Feedback (PV)




DC motor Close loop Speed control

Temperature Close loop control

Digital PID Controller
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DC motor Close loop Speed control

~ ™~
[ Control I Brver @
Unit
- - >
N )
[ Comparator R Feedback

- Controller Algorithm
0-24 Volt DC - i

-Processing
Motor 0 — 24 Volt

Set Speed Uyl

Encoder

Actual speed
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Temperature Close loop control

220V

Input 25% (8 mA)

™ A ™
3 3
v
;
.

Phase angle
power control
SSR

Thermocouple

Main Controller unit

Arduino + PID
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Digital PID Controller

Arduino + PID
r PWM 0 — 100%
Command . gigipigh
SV Auto adjust input command

\Vc

Processes

J
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Close loop Control using Arduino

Digital PID Controller

double
double
double
double
double
int T;

sensed output, contrecl signal;
setpoint;

Kps; //proportional gain

Ki; //integral gain

Kd; //derivative gain

//sample time in milliseconds (ms)

unsigned long last time;

double

total error, last error;

int max control;

int min control;

void setup() {

void loop () {

PID Contrel(); //calls the PID functicn every T interval and outputs a contrel signal

14
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Close loop Control using Arduino

Digital PID Controller

voild PID Control() {
unsigned long current time = millis(); //returns the number of milliseconds passed since the Arduino started running the program
int delta time = current time - last time; //delta time interval

if (delta time >= T){

double error setpoint - sensed cutput;

total error += error; //accumalates the error - integral term
if (total error >= max control) total error = max control;

else 1f (total error <= min contrel) total error = min control;

double delta error = error - last error; //difference of error for derivative term

control signal = Kp*error + (Ki*T)*total error + (Kd/T)*delta error; //PID control compute
if (control signal >= max control) control signal = max control;
else 1f (control signal <= min control) control signal = min control;

last_error = error;
last time = current time;

}

15



!!W Practices 7

Open loop 2" order RC circuit

Example Voltage response control of RC circuit

Ve (s) 1
V. (s) (RR,CC,)s*+(RC,+R,C,)s+1

Ve(s) . 1
V. (s) s°+2s+1

R =R, =10 kQ
C,=C, =100 uF

16



!!W Practices /

Open loop 2" order RC circuit

System analysis using python

control.matlab

G = tf([1],[1,2,1])
(G)

>>>

17



Practices

Open loop 2" order RC circuit

System analysis using python
Step input

control.matlab *
matplotlib.pyplot plt

numpy np

G = tf([1],[1,2,1])
(G)

val, time = step(G,18)
plt.plot(time,val)
plt.plot(time,np.ones(len(time)),
plt.xlim(e,1e)

plt.show()

*. Figure

1

A€er Q=7 A

1.0

0.8 1

0.6 1

0.4 1

0.2 4

0.0 4

10

18



GND
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Practices

Time response of Step input

@ coms
char get serial; voild serialread() { -
String sum serial; while (Serial.available()) { 5.0
float Vvin; get serial
float input;
float Vc;

void setup() {

Serial.read();

if (get serial == 'A') {
Vin = sum serial.toFloat();

sum_serial = ""; €.0

Serial.begin(9600);
pinMode (9, OUTPUT) ; }

break;

} sum_serial += get serial;

void loop() { 3.0
Vc = analogRead (A0)*5/1023.0;
input = map(Vin,0,5,0,255);
analogWrite (9, input) ;

Serial.print (0):
Serial.print ("\t");
Serial.print (6);
Serial.print ("\t");
Serial.print(Vin);

Serial.print ("\t"); ) 100 200

Serial.println(Vc); s00baud o send

serialread();
delay (10);
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Practices

Time response of Step input form python

@ comg - m] hd

$0.0040.004 "
£0.0040.004
£0.0040.004
£0.0040.004
£0.0040.004

$0.00#0.004
» $0.00#0.004
$0.00#0.004
JHANATAY TaWaYaAY ] pgthon

$0.0040.004 .
$0.0040.004 H#VINnH#VCcH
T0.0080.007
$0.0040.004

$#0.0040.004
$0.0040. v

Autoscroll [ Show timestamp Molineending | S600baud . | Clear output
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Practices

char get serial;

String sum serial;

float Vin;

float input:

float Vvci

String sendtoPC;

void setup() {
Serial.begin(9600);
pinMode (9, OUTPUT) ;

void loop() {
Vc = analogRead (A0) *5/1023.0;
input = map(vin,0,5,0,255);
analogWrite (9, input)
sendtoPC = "#" + String(Vin,2) + "#"
Serial.println(sendtoPC);
serialread():
//delay (10);

Time response of Step input form python

void serialread() {

+ String(Vc,2) + "#";

while (Serial.available()) {
get serial = serial.read();

1f (get_serial == 'A") {
Vin = sum serial.toFloat():
sum_serial = "";
break;

}

sum serial += get serial;

22



Time response of Step input form python

serial

time

matplotlib.pyplot plt
threading
serial.tools.list_ports

port = serial.tools.list_ports.comports()
comport = str(port[e])

ser = serial.Serial(comport[@:4], baudrate
ser.flushInput()

ser.reset_input_buffer()

data = ""
get_serial_data():

data, input_val, output_val

data = ser.readline().decode('utf-8', errors='replace’)
data = data.split("#")

L GEEESH

input_val = float(data[1])

output_val = float(data[2])

KeyboardInterrupt:
ser.close()

Exception
ser.close()

tl = threading.Thread(target=get_serial_data)
tl.start()

i=o»o

datat = []
datainput = []
dataoutput = []

sendinput = input('vin = ')
ser.write(sendinput.encode())
i<=18:
datat.append(i)
datainput.append(input_val)
dataoutput.append(output_val)
('{:.2f}'.format(i), input_val, output_val)
time.sleep(0.01)
i+=0.01

.plot(datat,datainput, 'r")
.plot(datat,dataoutput, "black")
.ylim(®e,6)

.x1label('Time")
.ylabel('Amplitude")
.legend(['vin','vc'])

.show()

.close()

23



Time response of Step input form python

. Figure 1

A€E> PQ=X A

L0 f============m——————-——-——--oooo

0.8 1

0.6

0.4 4

0.2 4

0.0 A

10

. Figure 1

A€ PQE=X DB

Simulation

6
— Vin
— Vc
54
4_
§
).
N
0 T
0 2 4 6 10
Tim:
Experiment

24



Practices

Time response of Step input form python

serial

time

matplotlib.pyplot plt
threading
serial.tools.list_ports
threading

port = serial.tools.list_ports.comports()

comport = str(port[e])

ser = serial.Serial(comport[©:4], baudrate = *S666')
ser.flushInput()

ser.reset_input_buffer()

25



Practices

Time response of Step input form python

i=29
data = "" datat = []
get serial data(): datainput = []
data, input_val, output_val dataoutput = []
sendinput = input('Vin = ")
ser.write|/(jsendinput.encode()))
i<=10:
datat.append(i)
datainput.append(input_val)
len(data)==4: dataoutput.append(output_val)
input_val = float(data[1]) (*{:.2f}' .format(i), input_val, output_val)
output_val = float(data[2]) time.sleep(0.01)
i+=0.01

data = ser.readline().decode('utf-8"', errors="'replace")
data = data.split("#")

KeyboardInterrupt: '
ser.close() .plot(datat,datainput, 'r')

.plot(datat,dataoutput, ‘'black’)
.ylim(e,6)

.xlabel('Time")
.ylabel('Amplitude")
.legend(['Vin','Vc'])

.show()

Exception
ser.close()

tl = threading.Thread(target=get_serial_data)
tl.start() .close()




!!" Practices j

Close loop 2"d order RC circuit

Digital PID controller System
1

"As? + Bs+1

VC _ref

—>©—> Kee+KTY e+Ky ére
A

27



!!" Practices 7

Close loop 2"d order RC circuit

@ coms - O x

Kp=15
Ki =15
Kd=0
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Practices

Close loop 2"d order RC circuit

double kp = 0.0;

double ki = 0.0;

double kd = 0.0;

double 8V, PBV:

double contrel signal, u;

unsigned long last time, current time;
double dT:

double last error, error, sum error, dE;
char get serial;

String sum serial;

float T = 0.1;

double upbound control = 255;

double lowbound control = 0;

String show val;

Vo

//
//
!/

id loop() {

PV = analogRead(aAl0) * 5 / 1023.0;
u = PID comput();

analogWrite (9, u):

show val = "#" + string(sv,2) + "#" + String(PV,2) + "#" + String(u,2) + "#";

Serial.println(show wval);

Serial.print (0);
Serial.print ("\t");
Serial.print (8);
Serial.print ("\t");
Serial.print (SV);
Serial.print ("\t");
Serial.println(PV);

serialread():
delay (T*1000);

29
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Practices

Close loop 2"d order RC circuit

double PID comput() {
current time = millis();

dr

= (current time - last time) / 1000.0;

if (dT >=T) |

}

error = SV - PV;
Sum error += error;
dE = error - last error;

control signal = kp * error + (ki * T * sum error) + kd * (dE / T):

if (control signal >= upbound control) {
control signal = upbound control;

}

1f (contrel signal < lowbound control) {
control signal = lowbound control;

last error = error;
last time = current time;

return control signal;

void serialread() {
while (Serial.available()) {
get_serial = Serial.read();

1f (get serial == 'P") {
kp = sum serial.toFloat();
sum serial = "";
break;

}

1f (get serial == 'I'") {
ki = sum serial.toFloat():
sum serial = "";
break;

}

1f (get serial == 'D') {
kd = sum serial.toFloat():
sum serial = "";
break;

}

if (get_serial == 's5') {
SV = sum serial.toFloat():;
sum_serial = "";
break;

sum serial += get serial;

30
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Developed software using python

-Dynamics plot

Practices

—_— SV
— PV

process val
w - O
[=] w [=]
1 1 1

N
w
1

0

520.0

T T T T T
522.5 525.0 527.5 530.0 5325

T T
535.0 537.5 540.0

250

200 A

150 ~

control input

100 ~

50 A

0

—— control signal

520.0

Y1-Scale:

T T T T T
522.5 525.0 527.5 530.0 5325
time

150 Y2-Scale: 280

T T
535.0 537.5 540.0

SET RE PLOT

~Data View
MNO. Time step Input Output ~
0 0.0 0.0 0.0
1 0.05 0.0 0.0
2 0.1 0.0 0.0
3 0.15 0.0 0.0
4 02 0.0 0.0
5 0.25 0.0 0.0
& 0.3 0.0 0.0
7 0.35 0.0 0.0 v

Clear |

-Param. Setting

Propotional (Kp): |0.5
Integral (Ki): |0.5
Derivertive (Kd): IO

SV: 120

PV:

Update PID| Update SVl

-Data collection

Samplingtime:  ]0.05

Time interval: 100

Save as |
Openfile |
collect |

r— Data logger

-Config.

+|Q|=|

~Initial Program

COM Port Scan

connect |

-Control
 Open-loop

START I PLOT |

& Close-loop

Exit I

» Updated parameter to Arduino
EX. 2P210D50S

31



!!" Practices 7

PID Controller Design Method 1

Process reaction curve
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Practices

PID Controller Design Method 1 Process reaction curve

§ TNOT ECS Verl1

~Dynamics plot

process val
w
|

. Process Response

— sv
51 — v
4]

T T T T T
100.0 102.5 105.0 107.5 110.0 1125

T T
115.0 1175 120.0

250

200 A

150 A

100 4

control input

50

0

— control signal

T T T T T
100.0 102.5 105.0 107.5 110.0 1125
time

Y1-Scale: IG Y2-Scale: 270

T T
115.0 117.5 120.0

SET RE PLOT

- O X
~Data View

NO. Time step Input Qutput ()
0 0.0 0.0 0.0
1 0.01 0.0 0.0
2 0.02 0.0 0.0
3 0.03 0.0 0.0
4 0.04 0.0 0.0
5 0.0 0.0
6 0.0 0.0

7 0.0 0.0 v

Clear |

~Param. Setting

~Data collectign

e oL
o 285
(3]

Open file |

collect |

~Config.

al €3] $Q|= B

START I PLOT I

[x]
=]
3
3
@
a

Propotional (Kp): Sampling timdg. ~ (0.01
Integral (Ki): Time interval: I.."sl]—
Derivertive (Kd): Save as |
SV: o
PV:
Update PID| Update S\Il

~Initial ProgramJ -Control

COM Port: Scan  Open-loop

 Close-loop

Exit I
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PID Controller Design Method 1 Process reaction curve

Open loop step response

Table 8-1 Ziegler—Nichols Tuning Rule Based on Step Response

6 300 of Plant (First Method)
/ Type of
Controller K, T T,
5 250
T
4 200 g L - !
T L
PI 09 03 0
“? oo PID 1.2112 2L 0.5L
2 100
L=29-27=0.2 Using PI Controller
1 T=52-29=23 0 -
K, =0.9(=2)=10.35 K, =10.35
0 0 0.2
0 2 4 6 8 10 12 14 » 10 35
Time (s) 0.2 KI _ 299 1545
0.67

—PV —U [

T.=—=0.67
0.3

34
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Practices

PID Controller Design Method 1 Process reaction curve

# SEC LAB - TNO7 007 ECS Ver1.1

-Dynamics plot

Process Response

w
L

process val
%]

—_— SV
— PV

T T T T T T T
100.0 1025 105.0 107.5 110.0 1125 115.0 117.5 1200

control input

—— control signal

Y1-Scale:

|4 Y2-Scale:

260

0 f T T T T T T
100.0 102.5 105.0 107.5 110.0 1125 115.0 117.5 120.0
time

SET

RE PLOT

rData View

NO. Time step

Input Output

Clear |

rParam. Setting

Propotional (Kp): |1 0.35

~Data collection

Sampling time:  ]0.01

rConfig.

&l €3] $[Q/=m

i

connect

Integral (Ki): IF Time interval: ISO—
Dervetive (Kax  Jo Save as |
SvV: |3|— Open file |
PV: _ collect |
Update PID| Update SVl
rInitial Program rControl
COM Port: Scan © Open-loop # Close-loop

STARTI PLOTI Exit I

. Figure 1

AEI Q=¥ B

Process Dynamics Plot

] >

¥=8.41y=0.720

/N

1.0

3.0

2.5 A

2.0 A

1.5 A

L.0 ~

0.5 A

0.0 A

Overshoot = 16.7%

0.8

r 0.6

ro.4

ro.z2

T 0.0
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!!" Practices /

PID Controller Design Method 3
Model based tuning



- Initial Gauss Kp = 20, Ki = 20

- Collect data in desire operating range

-Param. Setting

Propotional (Kp): |20
Integral (Ki): 20
Derivertive (Kd): 0

SV:

11111

PV:

Update PI Dl Update sv|

-Data collection

Samplingtime:  [0.05
Time interval: 100
Save as
Open file

collect

*. Figure 1 - O
A€EI PQE=XB
Process Dynamics Plot
3.5 , , 35
3.0 4 -+30
R T e ! S S o o S 2.5
2.0+ - N N 2.0
&
s+ L 15
w4yt 1.0
0.5 oo 0.5
0.0 : : : : 0.0
0 20 40 60 80 100
Time(s)

sV
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Practices

PID Controller Design Method 3 Model based tuning

Use for Model estimation

Fa2 - ! ,f;;! Process Close loop response
A C E 35

1 time u SV PV

41 1.95 57.18 2 0.09 3 P o~

42 2 60.36 2 0.12

43 2.05 60.36 2 0.12

44 2.1 63.48 2 0.15 25

45 2.15 66.65 2 0.17

45 2.2 66.65 2 0.17 3_ 5 /\

47 2.25 69.67 2 0.2 g el

48 23 7262 2 0.23 2

49 2.35 72.62 2 0.23 o 15

50 24 7552 2 0.26 =

51 2.45 75.52 2 0.26 X

52 2.5 78.35 2 0.29

53 2.55 20.91 2 0.33

54 2.6 80.91 2 0.33 0.5

55 2.65 83.51 2 0.36

56 2.7 86.03 2 0.4 o

57 2.75 86.03 2 0.4 0 20 40 60 80 100 120
Time (S)

S8V —PV



Practices

PID Controller Design Method 3 Model based tuning

4\ MATLAR R20205

[ T O s ocneriion

Mew Variabl
@ I:II:II:I ﬁ [‘aFmdFlIE; &l E Eig; New Variable
MNew

Mew MNew Open [l Compare Import Save $Open\fﬂnable'

Script  Live Script =~ = Data Workspace @ClearWDrkspace =

FILE WVARIABLE

<€ P [ ﬁ » ¢ Program Files » Polyspace » R2020a » bin »

Current Folder ®
MName =
icutzdata fx' >>
m3iregistry
util
win32
winfd

|j crash_analyzer.cfg
deploytool.bat
1] desktop.ini

|j ledataxml

ii; lcdataxsd

[ trdata (#8 wial

— O x
¥ s Analyze Code {G) Preferences
P @ |2 &
Favorites Rroen i Simulink  Layout Sl Add-Ons | RESOURCES
- |## Clear Commands = - I“I Parallel = -
CODE SIMULINK ENVIRONMENT v =
P
Workspace ]
MName -« Valu
[ inPuT 0
FH ouTPUT 0
4\ MATLAB R2020a m| X
HOME PLOTS APPS VARIABLE VIEW & 4 BN Search Documentation
C [ 1
06 a ] ] w 0
Design Get More  Install Package Curve Fitting  Optimization PID Tuner Analog Input Analog Modbus Wireless Signal Image
App Apps App App Recorder Cutput Gen... Explorer Waveform G... Analyzer Acguisition
FILE APPS =
€= EHEA » C: ¢ Program Files » Polyspace » R2020a * bin » - P
Current Folder (OGNl ®% Variables - Workspace ®
MName = | npuT | ouTPUT | Mame = Value
icutzdata FH 2001x1 double HH inpuT 2001x7 doubl
m3iregistry tH outpuT 2007x7 doubl
util 1 2 3 4 5 & 7 3 9
win32 1 0 ~
_ winb4 2 0
[ crash_analyzer.cfg 3 0
[E] deploytool.bat
ployt
7| desktop.ini
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Practices

PID Controller Design Method 3 Model based tuning

[4] System Identification - Untitled

File

Options  Window  Help

|4 Import Data -

Im
‘.' Operations Data Format for Signals
<— Preprocess - Time-Domain Signals
mydata 1" L |
* mydata — Workspace Variable
Werking Data Input: INPUT
4 ] Output: QUTPUT
Estimate —= w L
i To Te
] Time plot Wiorkspace | | LTI Viewer Model output Data Information
[] Data spectra Model resids Data name: mydata
[] Frequency function m Starting time: 1
mydata S
= Validation Data Sample time: 0.05
Data =et mydata inserted. Double click on icon (right moy More
Import Reset
Close Help

(4 Time Plot: ul-»y1

File

Options

Style

Channel

Experiment  Help

Input and output signals

N

10

20

30

40 50 &0 70 80 an 100
Time
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Practices

PID Controller Design Method 3 Model based tuning

[4] System Identification - Untitled - O X L
4\ Plant Identification Progress — O
File Options Window Help ) . )
Transfer Function Identification
Estimation data: Time domain data mydata
Import data ~ Import medels ~ Data has 1 outputs, 1 inputs and 2001 samples.
. Operations . Number of poles: 2, Number of zeros: 0
Initialization Method: "iv"
<— Preprocess ~
mydata
. Estimation Progress
| | | | done.
* L[ <\ Transfer Functions - m} K
mydata — Initialization complste.
Working Data Model name: tf1 &
Algorithm: Neonlinear least sguares with autcmatically chosen line search method
-l Number of poles: |2 Norm of First-order Improvement (%)
Estimate —= ~ Iteration Cost step optimality Expected BAchieved Bisections
- — | § Mumber of zeros: |0 - -
. Estimate —=
Data Views 0 5.159682-05 - 4.6le+04  £.4e403 - -
- - - - 1 5.1428e-05 1.23 3.11e+03 g.42+03 0.327 a
| Time plot Wodel output Continuous-time Discrete-time (Ts = 0.05] Feedthrough
* STt SpaCe e : O O ( ) : 2 5.14271e-05 0.106 24.7 32.1  0.00168 0
[] Data spectra Process Models.. Model resids 3 5.14271e-05  0.004% 0.018 0.0369 1.96e-06 0
Polynomial Models... » 1/0 Delay 4 5.14271=-05 0.000163 0.000282 4.%=-05 2.63=-08 0
[ Frequency function Nenlinear Models... _»/ - -
Spectral Models... mydata » Estimation Options Estimating parameter covariance...
Correlation Models... jdation Data done.
Refine Existing Models... & to plot/unplot cu Result
Dluiml: Chark Termination condition: Near (local) minimum, (norm{g) < tol)..
Number of iterations: 4, Number of function evaluations: 9
Status: Estimated using TFEST 98 89 0/
Fit to estimation data: 98.89%, FPE: 5.16347e-05 . 0
Estimate Clase Help W Stop Close




4 Model Output: y1 - O >

File Options Style  Channel Experiment Help
File  Options  Window Help I
Measured and simulated model output

Import data ~ Import models ~ | 3.5 ]
‘.' Cperations ‘.' | Best Fits
3 tF1: D8.80
<— Preprocess ~ h— |
data 1 |
= T 2
D [ ‘ :
mydata
Werking Data |
| 1.5
i 1
Estimate —= e
Measured and simulated model output
Data Views To To Model Views 05 ol
[] Time plat Workspace LTI Viewer Model output [ ] Transient resp Monlinear ARX [ :
|:| Data spectra |:| Model rezids D Frequency resp Hamm-Wiener 0 a1l
|:| Freguency function ”” - D Zeros and poles | 05
mydata Noise spectrum 0 20 b
Trash Validation Data m ? L
Click on data/model icons te plet/unplot curves.
- - - 3 L
245
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Practices

PID Controller Design Method 3 Model based tuning

|4\ System Identification - Untitled — | >

File Options Window Help

Impert data v Impert models v
. Operations .

<— Preprocess e YY)
mydata 1f1 Workspace

a's
* rrr_.'dat;/ i

2007x7 doubl

Werking Data 20077 doubl
‘.. Ix7 wdtf
Estimate —= ~
Data Views To To Model Views

[] Time plat Workspace || LTIViewer [ ™ Model output [] Transient resp Nonlinear ARX

|:| Data spectra |:| Model resids |:| Freguency resp Hamm-Wiener

|:| Freguency function ”” A |:| Zeros and poles
Trash my data |:| Noise spectrum

Validation Data
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PID Controller Design Method 3 Model based tuning

4\ MATLAE R2020a

HOME

PLOTS VARIABLE ol 4 &

B 8808 uU @ g9 B

Design Get More Install Package Curve Fitting  Optimization Analog Input Analog Modbus

PID Tuner

App Apps App App Recorder Cutput Gen... Explorer
FILE APPS

4 HEA » T » Program Files » Polyspace » R2020a » hin »

Current Folder ® A variables - QUTPUT

Mame = [ INPUT 3| OUTPUT |

icutzdata HH 2001x1 double

m3iregistry

util 1 2 3 4 5 B

win32 1 0
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_ﬁi FeTor

Plant:
tfl~

4 Inspect (& Options

Type: Pl * Domain:

Form: Parallel m

4 Add Plot >

PLANT CONTROLLER

DESIGN

Response Time {seconds)

pod

Fxcter 532 D E Q

TUNING TOOLS

Transient Behavior

Res.et Show Export

Robust Design  Parameters -

RESULTS | &

Data Browser

| Step Plot: Reference tracking

1.2

Step Plot: Reference tracking

0.8 -

Amplitude
o
(=]
T

0.2

Tuned response tf1

8 10
Time (seconds)

12 14 16 18

Controller Parameters: Kp = 23.69, Ki = 25.8

Controller Parameters

Tuned
Kp 23.6879
Ki 25.7986
kd n/a
TF n/a

J

Performance and Robustness

Tuned
Rise time 3.96 seconds
Settling time 12.9 seconds
Overshoot 9.67 %
Peak 1.1

Gain margin

Inf dB @ Inf rad/=

Phase margin

62.1 deg @ 0.371 rad/s

Closed-loop stability

Stable
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Controller Parameters

Tuned
Kp 23.6879
Ki 25.7986
Kd n/a
TF n/a

J

Performance and Robustness

Tuned
Rise time 3.96 seconds
Settling time 12.9 seconds
Owershoot 9.67 %
Peak 1.1

Gain margin

Inf dB @ Inf rad/=

Phase rmargin

62.1 deg @ 0.371 rad/s

Closed-loop stability

Stable

Controller testing

-Param. Setting— ——
Propotional (Kp): IW
Integral (Ki): W
Derivertive (Kd): IO—

______/
SV: |3—
v
Update PID| Update sv|

-Data collection

Sampling time:

Time interval: |30

Open file

0.05

Save as

collect
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it

Process Dynamics Plot

P35

3.0

e

P 2.0

e o B

—-F 10

e o\ 1

# PID Tuner - Step Plot: R — m] *
PID TUNER G4 BL9e0@®e
Plant: Type: Pl ~  Domain: « i@ » - 4@ E p
To Rty e Foser | 539%] i
i Form: |Parallel = ' ponseTim (seconds] ' Recet Show Ep
A @ -—0.6?_1 -
 Inspect @ Options Edadapot~ oo saterer. O ot Design Parameters  +
PLANT CONTROLLER DESIGN TUNING TOOLS RESULTS | A . Figure 1
5 - | Step Plot: Reference tracking |
: AEI PQ
m
E Step Plot: Reference tracking
12 T T T T T T T T
S I
1 —_— |
3.0 +---- :
|
0.8 - 1 2.5 - i
|
g |
D 2.0+ ,
et ) !
& !
1.5 - .
0.4 - 7 E
1 i i 1.0+ :
Peak time 8 s setting time 14 s ;
|
0.2 - - :
0.5 +----- :
v v f
0 1 Il 1 Il 1 1 1 1 :
1] 2 4 6 8 10 12 14 16 18 0'000 2|5
Time (seconds) : :

T
7.5 10.0 12.5
Time(s)

sV

Controller Parameters: Kp = 23.69, Ki = 25.8

Design

Testing
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Power supply Motor Drive

R |\ Arduino

DC motor Gear

DC motor Speed Control
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Experiment data

- Initial Gauss Kp = 0.5, Ki=0.5

. . . @« (' -) "P Q E Ii x=32.9 y=63.7
- Collect data in desire operating range

Process Dynamics Plot

100 | ----jrommmmm oo

80
-Param. Setting -Data collection
Propotional (Kp):  [0.5 Sampling time:  [0.05 ol
Integral (Ki): 0.5 Time interval: 100 g
40
Derivertive (Kd) [0 Save as '
sv- r Open file 200
PV: 704 | g I D B R e 0

Update PID| Update svl ° 20 40 et 60 80 100
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Best Fitted model 94.21 %

120

4| Model Qutput: y1 — O
File Options  Style  Channel Experiment Help
Measured and simulated model output
Best Fits
tF1: 94,21

Time

100

4\ Data/model Info: t1 - O
Model name: 11
Color: [0,0,1]
From input "ul™ to cutput "yl™:
24.55
32 + 16.728 =5 + 44.23
Name: tfl
Continuous-time identified transfer function.
< >
Diary and Motes
% Import mydata
% Transfer function estimation
Opticns = tfestOpticns;
Options.Display = "on';
Options.WeightingFilter = [];
1 & Eo it e 4 a e .
Show in LTI Viewer
Present Export Close Help
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Time (seconds)

Controller Parameters: Kp = 0.2544, Ki =

4\ PID Tuner - Step Plot: Reference tracking * =
e e——— T o e —
Plant: Type: Pl *  Domain: »» -
e = m m Slower Response T\me {seconds) Faster 1520 % @ E Q TLIrIEd
. orm: [Tarate o Reset Show Export
‘A Inspect @ Options EAdd Plot ¥ e Transient Behavior Robust : = Design Parameters - _ Kp 1].25-439
PLANT CONTROLLER DESIGN TUNING TOOLS RESULTS & Ki 7 5265
5 - | StepPlot: Referencetracking 7 |
£ ' kd n/a
&
g Step Plot: Reference tracking Lij n/a
1.2 T T T T T T T
Tuned respanse f1
1k
Performance and Robustness
08T | Tuned
%; Rize time 1.13 zeconds
g Settling time 1.7 seconds
< Overshoot 1.62 %
0.4 [- Peak 1.02
Gain margin Inf dB @ Inf rad/s
i |8 Phase margin 70.2 deg @ 1.31 rad/s
Closed-loop stability Stable
D ] ] ] ] ]
0 0.5 1 15 2 25
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1.2

0.8

Amplitude
=
(=2}

0.4

0.2

Step Plot: Reference tracking

Tuned response tf1

Settling time 2 s

A\ 4

0.5 1 1.5 2 25 3
Time (seconds)

Design

3.5

. Figure 1

A€ Q=

~ B

Process Dynamics Plot

20

R
704
60
) I—

R

30 ---mmmmmmmmee oo o

20 J-reeeanmnanens

L

0
0

Time(s)

20

Testing
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