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Model 1%, sample time 0.06, Best design method AMIGO

Model accuracy

Batch process
50

RMSE = 0.0827

—1
Gp(s) = 7(8_"_50)6 s
Controller parameters
FOTD-model, 7 = 0.96488 | PI PID
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Model 2%, sample time 0.06, Best design method AMIGO

Batch process

20 —1s

GZD(S) = (S + 20)6

Model accuracy
RMSE = 0.247

Controller parameters

FOTD-model, 7 = 0.95707 | PI PID
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Model 3*, sample time 0.06, Best design method AMIGO

Batch process

— i —1s
) = 5310)°
FOTD-model, 7 = 0.90634
A 9.688 _0.9974s

&(3) = 55 9.703)

Model accuracy

RMSE = 0.0369

Controller parameters

| PI PID
K [ 01777 0.2469
T; | 0.3659 0.4765
Ty | 0 0.1278
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Model 4%, sample time 0.06, Best design method AMIGO

Model accuracy

Batch process
5 RMSE =0.1
Gp(s) = e !
+5
(545) Controller parameters

FOTD-model, 7 = 0.84 | PI PID

A _ 922 —1.003s ’ '
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Model 5%, sample time 0.06, Best design method AMIGO

Model accuracy

RMSE =0.0798

Batch process
3333,
Gp(s) = !

——— <€
+ 3.333
(s ) Controller parameters

FOTD-model, 7 = 0.75415 | PI PID
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Model 6*, sample time 0.06, Best design method AMIGO

Model accuracy
RMSE = 0.0828

Batch process

2 —1s
GP(S) = me 1
Controller parameters

FOTD-model, 7 = 0.65659 | PI PID
K | 0.2137 0.4325

A _ 1.98 —0.9719s
Gp(s) = € T; | 0.5952  0.7559
(s +1.967) :
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Model 7%, sample time 0.06, Best design method AMIGO

Batch process

1.429 1s
Gp(s) = !

(s + 1.429)°

Model accuracy

RMSE = 0.0586

Controller parameters

FOTD-model, 7 = 0.57855 | PI PID
R 1.431 K | 0.2215 0.5143
G ( ) — . —0.9842s
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Model 8%, sample time 0.08, Best design method AMIGO

Batch process
1 —1s

Gp(s) = (s+1)

FOTD-model, 7 = 0.4927

& 0.9697

_ UIbIT T 0.9996s
»(8) = 53 0.9716)

Model accuracy

RMSE =0.138

Controller parameters

| PI PID
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Ty | 0 0.387
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Model 9%, sample time 0.08, Best design method AMIGO

Model accuracy

Batch process

07692,
G(s) = 53 0.7609) ¢

RMSE = 0.0949

Controller parameters
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Model 10*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.0476

Batch process
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Model 11*, sample time 0.08, Best design method AMIGO

Model accuracy
RMSE = 0.076

Batch process
05 ..
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Model 12*, sample time 0.1, Best design method Lambda

Batch process

Model accuracy
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Controller parameters
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Model 13*, sample time 0.1, Best design method Lambda

Model accuracy
RMSFE = 0.0451

Batch process
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Model 14*, sample time 0.12, Best design method Lambda

Batch process

Model accuracy

RMSE = 0.0649

0125y,
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Controller parameters
FOTD-model, 7 = 0.082949 | PI PID
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Model 15*, sample time 0.14, Best design method Lambda

Model accuracy

RMSE = 0.0493

Batch process
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Model 16*, sample time 0.18, Best design method Lambda

Batch process

Model accuracy

0.05 RMSFE =0.0719
Gp(s) = e ls
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Controller parameters
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Model 17*, sample time 0.3, Best design method Lambda

Model accuracy

Batch process

Gp(s) =
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(s +0.02)

FOTD-model, 7 = 0.05173

Process value

Control signal
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" (s+0.03088)

—1s
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Controller parameters
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Model 18*, sample time 0.6, Best design method Lambda

Batch process

Process value
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Model 19*, sample time 1.02, Best design method Lambda

Batch process

Model accuracy

RMSE = 0.0589

0005,
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(s + 0.005)
Controller parameters
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Model 20*, sample time 2.22, Best design method Lambda

Model accuracy

Batch process
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Controller parameters
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Model 21*, sample time 4.64, Best design method Lambda

Model accuracy

Batch process
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Model 22*, sample time 0.06, Best design method AMIGO

Model accuracy
RMSFE =0.211

Batch process

1x 104
26—18

Gp(s) = m

Controller parameters

FOTD-model, 7 = 0.96878 | PI PID
K | 0.1584 0.2119

A _ 32.7 —0.9606s
p(8) = —=5ay T, | 0.338  0.4077
(s +32.31)
Tq | O 0.04659
10 Relay experiment Bode Diagram
T T 1.012 T =T
N
sk 1ot AN 9
\
o % 1.008 v 4
S
E] G \
g0 o 1.006 [ =
ﬁ E 1.004 [ \\—
s 5 IER .
o S 1002 F ]
Batch process with noise =1
-10 - Batch process 1 1 E
FOTD model
15 I 0.998
5 T T T 0
_ _ 90+
g0 8
= ke
3 2
= fiﬂ -180 -
S 5f 1
270 -
-10 L L L L L L 1 L L L L 2 L 1 ‘0
0 1 2 3 4 5 6 7 8 9 10 10° 10° 10
time (s) Frequency (rad/s)
" Open loop Nyquist diagram
12 _ Load step 0.4 p‘ P Tyqulst Cagt T T
) 7 PID controller
10 Pl controller
So8h ‘:\ PID controller i ~
© y Pl controller
; 06l Uncontrolled system | |
Q
3
o
@ 041 B
0.2 10
53
<
0 . >
g
0 S
©
€
0.2 1=
w
504t =
o
s
€ -06 - B
o
o
0.8 - 4
-1 L
0 1 2 3 4 5 6 7 8

time () Real Axis

*seed = 709355864

23



Model 23*, sample time 0.06, Best design method AMIGO

Model accuracy

Batch process

Gp(s) =

2500 .
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Model 24*, sample time 0.06, Best design method AMIGO

Model accuracy

Batch process

400 g,
Cnls) = a0
FOTD-model, 7 = 0.92195
A L8115

&(3) = G

Relay experiment

RMSE = 0.146

Controller parameters

| PI PID
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Model 25*, sample time 0.06,

Batch process

Best design method AMIGO

Model accuracy
RMSE =0.143

Gyls) = 100 , R
(s+10)
Controller parameters
FOTD-model, 7 = 0.85561 | PI PID
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Model 26*, sample time 0.06, Best design method AMIGO

Model accuracy

Batch process
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Model 27", sample time 0.06, Best design method AMIGO

Model accuracy

RMSE =0.172

Batch process
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Model 28*, sample time 0.08,

Batch process

4 6715
2

Gp(s) = m

Best design method AMIGO

Model accuracy
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Controller parameters
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Model 29*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.213

Batch process
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Model 30*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.214

Batch process

1 6715
2

Gp(s) = m

Controller parameters
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Model 31*, sample time 0.08, Best design method AMIGO

Batch process

Process value

Control signal

Process value

Control signal
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Model accuracy
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Controller parameters
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Model 32*, sample time 0.1, Best design method AMIGO

Batch process
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Model 33", sample time 0.1, Best design method AMIGO

Batch process

0.25 “1s
GP(S) = !
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Model accuracy
RMSE =0.204

Controller parameters
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Model 34", sample time 0.14, Best design method Lambda

Batch process

Model accuracy

RMSE =0.192

0.0625 .
G,(s) = ————e
P (s +0.25)2
Controller parameters
FOTD-model, 7 = 0.15319 | PI PID
R 0.1152 0433 K | 0.5466 0.6455
— N —4. S
Gp(s) = (51007435)° T, | 1345  14.67
Tq | O 1.116
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Model 35*, sample time 0.16, Best design method Lambda

Model accuracy

Batch process
RMSE =0.184

0.02778
Gp(s) = et
s+ 0.1667)2
( ) Controller parameters

FOTD-model, 7 = 0.090754 | PI PID
Lo 007327y K | 0.4501 0.495
Gpls) = (51 0.03627)° T, | 2757  28.95

Tq | 0 1.311
4 Relay experiment Bode Diagram
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Model 36*, sample time 0.22, Best design method Lambda

Batch process

Model accuracy

RMSE =0.217

0.01562 _,,
Gp(s) = 726
(5 +0.125)
Controller parameters
FOTD-model, 7 = 0.10636 | PI PID
. 0.05792 K | 0.5294 0.5924
( ) _ . —3.469s
Ty | O 1.637
Relay experiment Bode Diagram
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Model 37", sample time 0.22, Best design method Lambda

Batch process

Model accuracy
RMSE =0.178

001 g,
) = Grone’
Controller parameters
FOTD-model, 7 = 0.047828 | PI PID
. 0.042 89 5 57 K | 03162 0.3321
Gy(8) = —————e 20°f% )
»(s) (5 £ 001420) T, | 7021 7197
Tq | O 1.72
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Model 38", sample time 0.4, Best design method Lambda

Model accurac
Batch process Y

0.0025 RMSE =0.215
_ : —1s
Gyls) = 0 e
(s +0.05)
Controller parameters
FOTD-model, 7 = 0.032219 | PI PID
. 0.02152 5 008 K | 0.2535 0.2619
_ . —5.908s
Gp(s) = (5 0.005635) T, | 1775 180.4
Tq | O 2.905
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Model 39*, sample time 0.9, Best design method Lambda

Batch process

Process value

Control signal

Process value

Control signal

Model accuracy

RMSE = 0.204

00004
Gyls) = ——— ¢
(s +0.02)2
Controller parameters
FOTD-model, 7 = 0.086852 | PI PID
K | 0.5377 0.5888
7o(s) = 0022 —tss T, | 1904 199.4
(s + 0.005 253)
T, |0 8.642
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Model 40*, sample time 1.76, Best design method Lambda

Model accuracy

Batch process
RMSE = 0.208

“.()()()1 1s
p(é) ( 0 0])2 €

FOTD-model, 7 = 0.055633 | PI PID

: 0.00445 41 7ms K | 03935 0.4167

Gp(s) = —— e T, | 539.3  555.2
0.001 854 i : :
(s + ) T, | 0 15.43
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Model 41*, sample time 3.16, Best design method AMIGO

Model accuracy

Batch process

Gp(s) =

(s + 0.005)

25x1075

26

FOTD-model, 7 = 0.0029512

Process value

Control signal

Process value

Control signal

R 0.001 889

—43.85s

Gp(s) =

(s +6.75 x 1077)

Relay experiment
T

RMSE =0.193

Controller parameters

|PI  PID
K | 4195 5.44
T; | 565.9 341.2
Ty | 0 21.91

Bode Diagram
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Model 42*, sample time 8.08, Best design method Lambda

Batch process

Gp(s) =

4 %1076
e —
(5 + 0.002)2

FOTD-model, 7 = 0.016609

Process value

Control signal

Process value

Control signal

0.8

0.6

0.4

0.2

A~

0.0007718

»(8) = 53 0.0001376)

—1s

—122.7s

Model accuracy

RMSE = 0.206

Controller parameters

| PI PID
K | 01754 0.1783
T, | 7266 7327
Ty | 0 60.85

Bode Diagram
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Model 43*, sample time 0.06, Best design method Lambda

Batch process

4 x 10*

Gp(s) =

(5 + 200)2(s + 1)

Model accuracy
RMSE = 0.0909

Controller parameters

FOTD-model, 7 = 0.020512 | PI PID
. 1.055 K [ 1.008  1.029
G _ N —0.0193s
p(s) = 1085 T; | 09215 0.9311
’ Ty | O 0.009548
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Model 44", sample time 0.06, Best design method Lambda

Model accuracy
RMSE =0.11

Batch process

Gp(s) =

1x 10*

(5 + 100)2(s + 1)

FOTD-model, 7 = 0.020512

1.072

Controller parameters

PI PID

0.9919 1.013

ép(s) = m —0.0193s 0.9215 0.9311
’ 0 0.009548
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Model 45*, sample time 0.06, Best design method Lambda

Batch process

2500
GP(S) =

(s +50)2(s+ 1)

Model accuracy
RMSE =0.09

Controller parameters

FOTD-model, 7 = 0.024414 | PI PID
. 1.045 K | 09761 1.001
G ( ) _ . —0.02395s
p\8) = (574— 1.045) T; | 0.9569 0.9688
Tq | O 0.01182
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Model 46*, sample time 0.06, Best design method Lambda

Model accuracy

Batch process
RMSE = 0.245

400
GP(S) =

(s +20)2(s+1)
(s +20)%(s +1) Controller parameters

FOTD-model, 7 = 0.012707 | PI PID

. 1013 o1ouis K | 1.009  1.022
p(8) = ————~e T, | 0.9667 0.9729
(s + 1.034)
7,10 0.006181

Relay experiment Bode Diagram
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Model 47*, sample time 0.06, Best design method Lambda

Batch process

100
GP(S) =
FOTD-model, 7 = 0.13368

é 0.9645
(s + 0.9988)

(s + 10)2(s + 1)

—0.1545s

Model accuracy

RMSE =0.111

Controller parameters

| PI PID
K [ 08971 1.036
T; | 1.001  1.078
Ty | 0 0.07171
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Model 48*, sample time 0.06, Best design method Lambda

Batch process

25

) e

Model accuracy

RMSE = 0.168

Controller parameters

FOTD-model, 7 = 0.20002 | PI PID
R 0.8824 0.2804 K | 0.8084 1.01
_ . —0. s
Gp(s) = ——zaren T, | 1122 1.262
(s +0.8916)
Tq | O 0.1246
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Model 49*, sample time 0.06, Best design method Lambda

Batch process

Process value

Control signal

Process value

FOTD-model, 7 = 0.23904 | PI PID
R 0.6123 K | 0.676 0.8883
( ) _ . —0.5775s
p\S) = T, | 1.838 2.127
(s +0.544)
Tq | 0 0.2496
Relay experiment Bode Diagram
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Model 50*, sample time 0.1, Best design method Lambda

Batch process

0.25
Gp(s) =

(s+1)(s+0.5)2

Model accuracy
RMSE =0.249

Controller parameters

FOTD-model, 7 = 0.22343 | PI PID
. 0.2219 K | 0.641 0.8255
G ( S) _ N —1.571s
Tq | 0 0.6867
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Model 51*, sample time 0.16, Best design method Lambda

Model accuracy

Batch process
RMSE =0.188

0.04
Gp(s) =

(s+1)(s+0.2)2
(s +1)(s ) Controller parameters

FOTD-model, 7 = 0.11417 | PI PID

Lo 008922 _,ioo : :
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Model 52*, sample time 0.24, Best design method Lambda
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Batch process
RMSE =0.221

0.01
Gp(s) =

(s+1)(s+0.1)2
(s +1)(s ) Controller parameters

FOTD-model, 7 = 0.063437 | PI PID
. 0.0424 4 588 K | 0417 0.4452
J s 2 s
p(s) = T | 52.97 54.76
(s + 0.01888)
Tq | 0 1.735
4 Relay experiment Bode Diagram
T T T
» 100 4
3 2 o
go s -
2 E 1 NG
g2 '(%10'* \\\\—
& Batch process with noise = ]
-4 Batch process b
FOTD model
6 L L 1072 ket
5 j 0 = =
5 0 5 0r RN B
2 < N
N
£ g -180 ~ B
£ 2
o 0 N
o 5r N N
N
N
270 | N
-10 L L L L L L L L L L L
0 5 10 15 20 25 30 35 40 102 102 107
time (s) Frequency (rad/s)
) Load di step 03 ‘Open loop Nyﬂulst dlagram‘ :
PID controller
Pl controller
0.8 B
@ PID controller 02k -
3 06 LN\ Pl controller i ’
o Uncontrolled system
3
S 04 E
o 0.1 4
0.2 4
2
53
0 ‘ I3
2 ol i
0 2
“ ©
| E
-0.2 J“ B
5 \ o1 f 1
S04\ B
s
€ 06 B N
I \
S 02 \ O\ R
0.8 - B Q\\
\
K 0 2r‘)o 4(;0 600 8(;0 10‘00 12‘00 -0.3 . . \‘\\ : :
time (5) 0.3 -0.2 -0.1 0 0.1 0.2 0.3
Real Axis

*seed = 709416482

53



Model 53*, sample time 0.08, Best design method AMIGO
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Model 54*, sample time 0.1, Best design method AMIGO

Batch process
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Model 55*, sample time 0.1, Best design method AMIGO

Batch process

Gp(s)
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Model accuracy
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Controller parameters
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Model 56*, sample time 0.12, Best design method AMIGO

Batch process
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(s +1)°

Model accuracy
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FOTD-model, 7 = 0.43806 | PI PID
N 0.2916 K | 0.2395 0.6574
Gp(s) = e 1% T, | 3.919  3.995
p (5 +0.2467) i 9 .
T, | 0 1.281
s Rel‘ay experiment Bode Diagrimi
1 o~ ~ 3
~
08F E
\
3 0 go6f N E
T € .
g o4k S
E .
& 5 g
Batch process with noise =
Batch process 02 i
FOTD model
-10 |
5 0 -
J h B N
X
— 90 i
g0 2
= S
@
el Q
£ 8 g0 N
Q o \
o 5 1 \
\
N
270 |
I I
", 5 10 " 2 10% 107" 10°
time (s) Frequency (rad/s)
1 Lo‘ad i step 0.4 Op?n loop Nyﬂuist diagl"am : ‘
PID controller
4 Pl controller
0.3 4
] PID controller il
3 Pl controller
4 Uncontrolled system
4 7 02F |
s
o 4
0.1F I i
(%) .
B 2
y
0.2 2 ol % . >> |
0 = / y
5 /
\ E /
02| il / |
Foap | 1 \
k= \ f \
5 08F | 4 021 / \\ 1
:g \ ““ \
S -08f B | \
0.3 [ \ 4
a4t “\ \
2 : ‘ : : : : L L ‘ ‘ ‘ ‘
0 % “0 &0 g0 100 120 140 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4

time (s)

*seed = 709418624

Real Axis

57



Model 57", sample time 0.14, Best design method AMIGO

Model accuracy
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Batch process
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Model 58*, sample time 0.14, Best design method AMIGO

Model accuracy

RMSE = 0.459

Batch process
1
Gp(s) =
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(s+1) Controller parameters
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Model 59*, sample time 0.06, Best design method Lambda

Model accuracy

Batch process
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Model 60*, sample time 0.06, Best design method Lambda

Model accuracy
RMSE = 0.159

Batch process
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Controller parameters
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Model 61*, sample time 0.06, Best design method Lambda

Batch process
1372

Gp(s) =

FOTD-model, 7 = 0.19221
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Relay experiment
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Model 62*, sample time 0.06, Best design method AMIGO

Batch process
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Model accuracy
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Model 63*, sample time 0.06, Best design method AMIGO

Batch process
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Model accuracy
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Controller parameters

FOTD-model, 7 = 0.30148 | PI PID
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Model 64", sample time 0.06, Best design method AMIGO

Model accuracy

Batch process
RMSE = 0.257

21.43
Gp(s) = (s +4.63)(s+ 2.778) (s + 1.667)(s + 1)

Controller parameters
FOTD-model, 7 = 0.3405 | PI PID
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Model 65*, sample time 0.08, Best design method AMIGO

Model accuracy

Batch process

Gp(s) =

8.5

FOTD-model, 7 = 0.3366
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Model 66*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE = 0.308

Batch process

3.815
G;v(s) =
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Controller parameters
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Model 67", sample time 0.08, Best design method AMIGO

Model accuracy

Batch process

Process value

Control signal

Process value

Control signal
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Gp(s) =
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RMSE = 0.317

Controller parameters

FOTD-model, 7 = 0.35221 | PI PID
. 0.4109 K | 03371 0.9261
Gyls) = e 110 T, | 2504 2.321
P (s +0.3703) 2 :
Ty | O 0.6313
Relay experiment Bode Diagram
4 10° == E
2 RN
N
0 2 N
S ~
- ~
2 g o ~
4 &
Batch process with noise = 0tk i
e Batch process 4
FOTD model
-8
5 T 0
J -90 -
0 =
<
2
S 180 -
5 =
270 -
10 L L L L L L L L L L
0 2 4 6 8 10 12 14 102 107 10°
time (s) Frequency (rad/s)
; Lo‘ad s,e‘p 05 Open‘ loop Nyﬂuist dia‘gram : :
PID controller
o 1 o4f Pl controller | |
06 PID controller |
’ Pl controller 03l |
Uncontrolled system
04 |
0.2 1 02F 4
0 lo 0.1F 4
<
02 Z ok ) TN i
o = a4
& -/
02 £ ot / / 7
/o
04 1 02l / ‘ ]
06 4 |
0.3 | E
08 7 \
RS 0.4 / i
0 ° 10 s 20 t\mzes(s) %0 40 4 -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Real Axis

*seed = 709423513

68



Model 68*, sample time 0.08, Best design method AMIGO
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Model 69*, sample time 0.08, Best design method AMIGO

Batch process
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Model 70*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.135

Batch process

Gp(s) =

(s+20)s

20

670‘958

Controller parameters

FOTD-model, 7 = 0.0029512 | PI PID
. 1.031 K 0342 0.4434
Gp(s) = oo € o T, | 1271 7.668
(s + 0.003004)
Tq | 0 0.4922
10 Relay ex‘perimem 108 Bode D‘iagram
> o
[ °
@ 2
= [
& 15 Batch process with noise 1=
Batch process
20 FOTD model j
25 :
5 T 0
= o J 90 = _ |
= e
g
é Sl & -180 q
270
-10 L L L L L L L L
0 2 4 6 10 12 102 107! 10°
time (s) Frequency (rad/s)
0 Load disturl‘)ance step 2 Op?n loop Nyguist diagl"am T T
PID controller
50 |- B Pl controller
1.5 q
® 401 PID controller 7
3 Pl controller
> 80r Uncontrolled system
7 1 q
8 20 B
o
ot |
_— 0.5 B
o—— 12}
<
-10 >
g o0 i
&
{E
-0.5 4
= - 4
e
=
H
o
O - \ 4
15 ]
RS \
\\\ — _
1.2 o L L L
0 10 20 30 40 50 -2 ' ; ' ' ' ' '
time (s) - 1.5 1 -0.5 0 0.5 1 15 2

*seed = 709424764

71

Real Axis



Model 71*, sample time 0.08, Best design method AMIGO

Model accuracy
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Model 72*, sample time 0.06, Best design method AMIGO

Model accuracy

Batch process

5 RMSE =0.155
Gp(s) = 7@ n 5)8670'88
Controller parameters
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Model 73*, sample time 0.06, Best design method AMIGO

Batch process

3.333
GP(S) =

(s +3.333)s

FOTD-model, 7 = 0.0029512
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Relay experiment

—0.7s

—0.943s

Model accuracy

RMSE =0.335

Controller parameters

| PI PID
K [0.3628  0.4705
T; | 1217 7.338
Ty | 0 0.4711

Bode Diagram
T

10 10°
E] 1%
Qo
2 &
> 1o
[ °
3 12
38 - c
£ g
o
-15 Batch process with noise 1=
Batch process
20 FOTD model b
25 :
5 T T 0
EOJ w0 - i
[=3
= S -
@ = ~
° g ™
=3 o | 4
5 £ 180 “
o 5 1
270
I I I
10 I I I I
0 2 4 6 10 102 107! 10°
time (s) Frequency (rad/s)
. Open loop Nyquist diagram
60 Load disturbance step 2 p‘ P y‘q 9 T T T
T T PID controller
50 B Pl controller
15 q
® 401 PID controller 7
3 Pl controller
> 80r Uncontrolled system
3 1k B
8 20 il
o
ot g
05 B
0 12}
£
<
-10 >
g of 1
j=
©
1E
-0.5 B
T i /
5. | V4
2 /
s 1 / R
Z - 1
o \ s
o 4L \ S
\ 5+ B
o — 18
12 ~— 4 P
1.4 L L L L L }
0 10 20 30 40 50 2 ! : ! ! ! !
-2 1.5 -0.5 0 0.5 1 15 2

time (s)

*seed = 709425944

74

Real Axis



Model 74", sample time 0.06, Best design method AMIGO

Batch process

FOTD-model, 7 = 0.0029512

Process value
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Model 75*, sample time 0.06, Best design method AMIGO

Batch process

1.429
GP(S) =

(s +1.429)s

Model accuracy

RMSE =0.709

—0.3s

Controller parameters
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Model 76*, sample time 0.06, Best design method AMIGO

Batch process

1.111
GP(S) =

(s+ 1.111)s

—0.1s

Model accuracy
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Controller parameters
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Model 77", sample time 0.06,

Batch process
1
Gp(s) =

(s+1)s

FOTD-model, 7 = 0.0029512
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G — —0.6928s
W8 = T 0.004273)

Best design method AMIGO
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Controller parameters
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Model 78*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.221

Batch process
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Model 79*, sample time 0.08, Best design method AMIGO

Model accuracy

Batch process
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Model 80*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.229

Batch process
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Controller parameters
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Model 81*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.221

Batch process
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Controller parameters
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Model 82*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.193

Batch process

1.429
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Controller parameters
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Model 83", sample time 0.08, Best design method AMIGO

Batch process

2 _
e 0.5s
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Model accuracy
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Controller parameters
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Model 84", sample time 0.08, Best design method AMIGO

Model accuracy

RMSE = 0.157

Batch process
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Controller parameters
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Model 85*, sample time 0.08, Best design method AMIGO

Batch process
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Model 86*, sample time 0.08, Best design method AMIGO

Model accuracy

Batch process

1 —1s
Gp(s) = me

FOTD-model, 7 = 0.5044

Process value
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Model 87", sample time 0.1, Best design method AMIGO

Model accuracy

Batch process
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Model 88", sample time 0.1, Best design method AMIGO

Batch process

Model accuracy
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Model 89*, sample time 0.1, Best design method AMIGO

Batch process

Model accuracy
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Model 90*, sample time 0.1, Best design method AMIGO

Batch process
0.5556

Model accuracy
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Model 91*, sample time 0.08, Best design method AMIGO

Model accuracy

Batch process

Process value

Control signal
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Model 92*, sample time 0.08, Best design method AMIGO
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Model 93*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE =0.103

Batch process
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Model 94*, sample time 0.08, Best design method AMIGO

Batch process
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Model 95*, sample time 0.08, Best design method AMIGO

Model accuracy
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Batch process
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Model 96*, sample time 0.12, Best design method Lambda

Batch process
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Model 97*, sample time 0.12, Best design method Lambda

Batch process
0.2041

Model accuracy
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Model 98*, sample time 0.12, Best design method Lambda

Batch process

Model accuracy
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Model 99*, sample time 0.12, Best design method AMIGO

Batch process
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Model 100*, sample time 0.1, Best design method Lambda

Batch process
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Model 101*, sample time 0.1, Best design method Lambda

Batch process

Model accuracy
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Model 102*, sample time 0.1, Best design method Lambda

Batch process

Gols) = 0.6667 e
P (s +3.333)(s +0.2)
Controller parameters
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Model 103*, sample time 0.1, Best design method Lambda

Batch process

2
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Model 104*, sample time 0.1, Best design method Lambda

Batch process

Model accuracy
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Model 105%, sample time 0.14, Best design method Lambda

Model accuracy
RMSE = 0.0907
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Model 106*, sample time 0.14, Best design method Lambda

Model accuracy

Batch process
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Model 107*, sample time 0.14, Best design method Lambda

Model accurac
Batch process Y
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Model 108*, sample time 0.14, Best design method Lambda

Model accuracy

Batch process
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Model 109%, sample time 0.14, Best design method Lambda

Model accuracy

RMSE =0.0723

Batch process

Gols) = 0.1429 0.8
P (s +1.429)(s +0.1)
Controller parameters
FOTD-model, 7 = 0.14929 | PI PID
. 0.095 94 K | 0.9273 1.09
G ( ) _ . —1.678s
p\S) = N T; | 9.563 10.4
(s +0.1046)
Ty | O 0.7714
4 Ffelayexperimem : R — ”Bideiniagram‘
2 S
E z N
Ei o
8 5 z N
& 10 | e E
Batch process with noise = O
-4 Batch process 1 o
FOTD model
-6 L
5 0
— JJ __ 90
3 3
= © |
é Sl & 180
270 -
-10 L L L L L L L
0 5 10 15 20 102 107! 10°
time (s) Frequency (rad/s)
4 : Load di stgp 0.08 Op?n loop Nygmst d|agr‘am ‘ ‘
PID controller
0.8 N Pl controller
° PID controller 0.06 )
206l Pl controller 4
. Uncontrolled system
3 0.04 - 1
804 — 7
o /4 N
02t 4 002f B
@
2
0 L > 0
© = 4
0 £
\ g
02 1A\ T 002} 1
Z 06 \ 4 004 E
3 0.6 N
S o8 N
808l g |
S— -0.06 - 1
gk
1.2 L L L L L L L L -0.08 / I I | 1 L 1 I L
0 10 20 30 40 50 60 70 80 -0.08 0.06 0.04 -0.02 0 0.02 0.04 0.06 0.08
time (s) Real Axis

*seed = 709442377

110



Model 110*, sample time 0.12, Best design method Lambda

Model accuracy

Batch process
RMSFE = 0.0795
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Model 1117, sample time 0.12, Best design method Lambda

Model accuracy

Batch process

Gp(s) =
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Model 112%, sample time 0.12, Best design method Lambda

Batch process

1

Model accuracy
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Model 113*, sample time 0.12, Best design method Lambda

Batch process

Model accuracy
RMSE = 0.0464

0.1
. —1
Gp(s) = G101 1)6 8
Controller parameters
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Model 114*, sample time 0.08, Best design method AMIGO

Batch process

Model accuracy
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Controller parameters
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Model 115%, sample time 0.08, Best design method AMIGO

Batch process
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Model accuracy
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Model 116*, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE = 0.284

Batch process
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Model 117*, sample time 0.08, Best design method AMIGO

Model accuracy
RMSE =0.29

Batch process
 —0.4(s — 2.5)

GP(S) (S+ 1)3

Controller parameters
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Model 118*, sample time 0.08, Best design method AMIGO

Batch process

Model accuracy

RMSE =0.274
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Controller parameters
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Model 119%, sample time 0.08, Best design method AMIGO

Model accuracy

RMSE = 0.283

Batch process

Gols) = —0.6(s — 1.667)
P\ T T e 1)
(s+1) Controller parameters

FOTD-model, 7 = 0.39904 | PI PID

A 04529 1.621s : :
Gy(s) = ————e T; | 2.316  2.261
(s + 0.4095)
Ty | O 0.676
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Model 120*, sample time 0.08, Best design method AMIGO

Batch process

Process value

Control signal

Process value

Control signal

Go(s) = —0.7(s — 1.429)

Model accuracy

RMSE = 0.305

(s+1)3
Controller parameters
FOTD-model, 7 = 0.44977 | PI PID
) 0.4882 K | 0.2566 0.6992
G ( ) _ . —1.797s
p(8) = ————e T; | 2137 2.207
(s + 0.4549)
Ty | O 0.7216
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Model 121%, sample time 0.08, Best design method AMIGO

Batch process

—0.8(s —1.25
Gp(s) = (S(_H)g)

FOTD-model, 7 = 0.41075

Model accuracy

RMSE = 0.354

Controller parameters

| PI PID

K | 0.2613 0.7246
T; | 2.381  2.355
Tq | O 0.7195
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Model 122*, sample time 0.1, Best design method AMIGO

Batch process

—0.9(s —1.111
Cnls) = (i+1)3 :

FOTD-model, 7 = 0.46928

Model accuracy

RMSE = 0.383

Controller parameters

| PI PID
K [0.2333 0.626

A _0.5196 —1.927s
Gy(s) = ——————e T, | 2141 2.259
(s + 0.4588)
Ty | O 0.7616
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Model 123*, sample time 0.1, Best design method AMIGO

Batch process

Model accuracy

Gp(s) =

_ —1(s—1)
(s+1)3

RMSE =0.419

Controller parameters

FOTD-model, 7 = 0.44977 | PI PID
) 0.5094 K 02352 0.6409
G ( ) _ . —1.879s
p(s) = —— T, | 2.235  2.308
(s +0.435)
Ty | O 0.7546
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Model 124*, sample time 0.1, Best design method AMIGO

Model accuracy

RMSE = 0.482

Batch process

—1.1(s — 0.9091
Gpls) = ((s +1)3 )

Controller parameters
FOTD-model, 7 = 0.48099 | PI PID

A ~0.5287 —9.021s : :
Tq | 0 0.7907
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Model 125%, sample time 0.06, Best design method Lambda

Batch process
100

Gp(s) =

(s +1)(s? + 14s + 100)

Model accuracy

RMSE = 0.0964

Controller parameters

FOTD-model, 7 = 0.098559 | PI PID
. 0.9637 K [ 09157 1.016
G ( ) _ . —0.1117s
Tq | O 0.05295
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Model 126*, sample time 0.06, Best design method Lambda

Model accuracy

Batch process

Gp(s) =

25

(s+1)(s2+ 7s+25)

RMSE = 0.136

Controller parameters

FOTD-model, 7 = 0.17661 | PI PID
. 0.9482 K | 0.7958  0.9665
Gyls) = —oremre 0200 T, | 1.091  1.208
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Model 127*, sample time 0.06, Best design method AMIGO

Batch process

11.11
G:D(S) =

FOTD-model, 7 = 0.25075
A 0.9118

—0.3749s

Gp(s) = (

s + 0.8926)

(s +1)(s2 +4.667s + 11.11)

Model accuracy

RMSE = 0.204

Controller parameters

| PI PID
K | 06211 1512
T; | 0.9716  0.8055
Ty | 0 0.1704

Bode Diagram
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Model 128*, sample time 0.06, Best design method AMIGO

Batch process

6.25

Gp(s) = (s +1)(s2+ 3.55 + 6.25)

Model accuracy
RMSE =0

Controller parameters

.264

FOTD-model, 7 = 0.35221 | PI PID
. 0.9479 K | 0.3767 1.035
G ( ) _ . —0.5696s
p\8) = T; | 09711 0.9003
(s +0.9546)
Ty | O 0.2448
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Model 129*, sample time 0.06, Best design method AMIGO

Batch process

Gp(s) =

Model accuracy

4

(s

+1)(s% +2.85+4)

RMSE =0.312

Controller parameters

FOTD-model, 7 = 0.36782 | PI PID
. 0.8746 K | 03503 0.9691
( 8) _ . —0.6682s
p\8) = T, | 1.073 1.012
(s + 0.8708)
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Model 130*, sample time 0.06, Best design method AMIGO

Model accuracy

RMSE = 0.376

Batch process

2.778

) = G071 23335 7 2.779)

Controller parameters
FOTD-model, 7 = 0.42636 | PI PID

G _0.8526 g g504s ’ ’
p(s) = T, | 1.102  1.109
(s+0.872) ¢
Ty | O 0.3485
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Model 131%, sample time 0.06, Best design method AMIGO

Batch process

Process value

Control signal

Process value

Control signal

2.041
(s+1)(s?+2s+42.041)

Gp(s) =

Model accuracy

RMSE =041

Controller parameters

FOTD-model, 7 = 0.38343 | PI PID
. 0.7488 K | 03179 0.8828
Gp(s) = T e oo T, | 1315 1.262
(s +0.7157)
Ty | O 0.3661
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Model 132*, sample time 0.08, Best design method AMIGO

Batch process

1.562
(s +1)(s%2+ 1.75s5 + 1.562)

Gp(s) =

Model accuracy

RMSE = 0.449

Controller parameters

FOTD-model, 7 = 0.37562 | PI PID
A 0.6897 K | 0.3157 0.8752
G ( ) _ Pt —0.9449s
p\8) = T, | 1.473 1.401
(s + 0.6367)
Ty | O 0.4002
Relay experiment Bode Diagram
° ! 10° - ———— =
==
e o 3z N
3 2 .
b - .
2 S B
8 B
e 5 g, ] i
- Batch process with noise =10
Batch process
FOTD model
-10 |
5 T 0 T
J ~~_
~
,—g 0 S -90 . 4
5 S S
° g .
5 5L E 180 - A
° N\
\
270 | p
10 L L L L L L L L L
0 2 4 6 8 10 12 102 107 10°
time (s) Frequency (rad/s)
12 Load di: step 05 Open‘ loop Nyﬁuist dia‘gram ‘ ‘
PID controller
04F Pl controller | |
] PID controller 1
3 Pl controller 03l ]
:; Uncontrolled system )
g ,
£ 02f |
B ——— o 011 |
<
0.2 B
§ of PN |
0o =3 e
\ b s
02\ \ £ o1t - 1
\ / /
_% -0.4 - \\\ T oob b ‘\ |
@ /
5 06 \ i / \
H ~ 03 f \ i
S -08f B \
‘ i \
Ar \_ — — 0.4 \\ |
12 ! ! ! . . \
"o 5 10 15 20 25 0.5 ! ! . . . . . \ \
time (s) -0.5 -0.4 -0.3 -0.2 -0.1 0 0.1 0.2 0.3 0.4 0.5
Real Axis

*seed = 709452606

133



Model 133*, sample time 0.08,

Batch process

1.235
(s +1)(s2 + 1.5565 + 1.235)

Gp(s) =

Best design method AMIGO

Model accuracy

RMSE = 0.454

Controller parameters

FOTD-model, 7 = 0.37953 | PI PID
. 0.6423 K | 0.3009 0.835
G ( S) _ . —1.067s
Tq | O 0.4508
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Model 134*, sample time 0.08, Best design method AMIGO

Model accuracy

Batch process

1
(s+1)(s2+14s+1)

Gp(s) =

RMSE = 0471

Controller parameters

FOTD-model, 7 = 0.39123 | PI PID
R 0.6042 K | 02965 0.8238
G (S) _ . —1.162s
p\S) = T Ero0) T; | 1.709 1.654
(s + 0.5529)
Ty | O 0.4872
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