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The MPI/CPO concept

L3

Model Parameter Identification and Control Parameter Optimisation are two important tasks to
be addressed during the control algorithm development:

@ the Model Parameter Identification (MPI) is specifically devoted to identify the parameters of
the “plant simplified model” which is the base for the design of the “model based” controls.

@ the Control Parameter Optimisation (CPO) is specifically devoted to optimise the control
algorithm parameters in order to obtain the required performance: it allows to perform the
control parameter tuning.

EICASLAB offers a professional support and advanced features
to address the overall
Model Parameter Identification & Control Parameter Optimisation process.
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The Model Parameter Identification in EICASLAB

The parameter “true” value does not exist: the model is an approximate description of the plant
and the parameter “best” values depend on a cost function adopted to evaluate the difference
between model and plant.

An original identification method is available in EICASLAB, oriented to estimate the best values of
the Plant simplified model parameters from the point of view of the control design starting from
experimental data acquired on field or from an accurate Plant model (more detailed and
sophisticated than the simplified one).
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The Control Parameter Optimization in EICASLAB

EICASLAB uses a powerful numerical optimisation algorithm that allows to get the optimum value of
a large number of parameters in a very reasonable computing time.

The optimisation is performed numerically over a predefined simulated trial, that is for a given
mission (host command sequence and disturbance acting on the plant and any other potential event
related to the plant performance) and for a given cost function associated with the plant control

performance.
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The Model Parameter Identification and Control
Optimisation advanced features
managed in EICASLAB by the professional MPI/CPO
Manager tool, available in the MPI/CPO EICASLAB

Parameter

module.

The MPI/CPO Manager tool is an
add-on of the SIM tool that
simulates the project in an
iterative way, by modifying the
value of the parameters to be
identified or optimised, in order
to minimise the value of the cost
function.

The MPI/CPO Manager tool in EICASLAB

excellence and passion in automatic control design

EICASLAB: MPI/CPO Manager

EEre

TRIAL NUMBER = 200

are

EEEE -

The MPI/CPO Manager tool is also an
add-on of the RCP Manager tool

allowing to perform MPI/CPO during

the Rapid Control Prototyping phase.
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The MPI/CPO process configuration

The MPI/CPO process can be easily configured in SIMBUILDER:
* defining the list of parameters subject to identification/optimisation;

* defining the related cost function;

 providing the process configuration (in particular the range of variation of the
parameters to be identified/optimised and the accuracy with which the
algorithm must obtain the parameter values);

* configuring suitable plotting areas for monitoring the MPI/CPO process during
its execution.

Welcome to Innovation
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&

=z The MPI configuration

You need to build a project where you compare your
plant simplified model (placed in the Control Areaq)
with the accurate model or with data recorded on the
actual plant (placed in the Plant Area).

Typically an EICASLAB project devoted to
identification purposes is composed by a Plant Area
and a Control Area with the same input signals.

File Edit Plot Configurafion Scheduling MPKCPO ACG  Layout Wiew

= E

Mission2
M

ouths

Discrete Plant1
DFL

Bl EicASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

Help

SIMBUILDER @

i} EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

YOU can define your own Flle Edit Plot Configuration Scheduling MPWCPO  ACG  Layout Wiew

cost function; generally 4 1 e = E o
it is related to the error
between the output of
the two models.

For instance: Mission2

F=(outCP — outC)?

SIMBUILDER @

Controll P1
C1F1

Welcome to Innovation
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The CPO configuration

You build a project composed by a classic
control architecture, with the plant model in
the Plant Area and your control algorithm in
the Control Area.

You can define your own cost function; it
should be related to the performance

indicators of the control.

For instance you can consider the error
between the reference, provided by the
Mission Area, and the measure obtained from
the plant:

F=(reference — meas_i)?

excellence and passion in automatic control design
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The Trial Configuration setting

2, EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

File Edit Plot Configuration Scheduling MPVCPO  ACG  Layout View

Help

By e el En

SIMBUILDER @

Continuous Plant AD1

[1]

Mission2 outME_d

P, |y

outs

Controll P1

C1F1 Cantrol
Open File Manager
Programming ode
Library Read/#rite Functions
4 Base Trial Block Setting P
Settings far Expart
~  Model Parameters |dentification E— -
~~  Control Parameters Optimisation SIM Platting
POST Recording
ok ? iz Conguration ]
Delete
= Paste >
Rotate =
sysem Layout i
p [ |

You can set the
Trial Configuration

by selecting, for one Control function:

* Base Trial,
* Model Parameters Identification,

* Control Parameters Optimization.

Welcome to Innovation
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MPI/CPO configuration for a Control programmed in Graphical (1/2)
L;é Selection of the Parameters to be identified / optimised

B! EICASLAB SIMBUILDER - Controll_P1

File Edit Plot Scheduling WorkSpace Layout  Wiew

v B sl = H O swsonoee @ You can select the parameters to be

identified/optimised directly in the
Control Graphical Layout where you have
implemented your control algorithm.

vl oyl | ¥ Yl . Exrl
i CAST q +

ol AccEstlAccEstl a3 SpeedEstl SpeedEstl FosEstl [
b o + 1 T Parl 42 5 [ L 5

2! Block Setting: Data

= — - = You select any block that has
F,pNtEbn1 EL_pousLe| |y i 1.0000008-03 eL_pousLe| ez one or more parameters,
State mubared open its 'Data’ window and
S press on the “Id/Op” button
corresponding to the

ok , Cance parameters you want to

| identify/optimise.
Contalt_p1
Welcome to Innovation |
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MPI/CPO configuration for a Control programmed in Graphical (2/2)

—

1 u

Cost function

{ 7

2. EICASLAB SIMBUILDER: /home/MyUser/Projects/MyProject.elp - System Layout |@|Z|
—‘ File Edit Plot Configuration Scheduling MPIYCPO | ACG  Layout  Wiew Help
<. EICASLAB SIMBU|- — — — — = - — > =
= = — _ Set starting conditions [
. L | g X o
File Edit Plot  Sch ég f% el ﬁ Open starting conditions file SIMBUILDER @ (el
= Open Caost Function l
EY = { @,
X’ [(_ Save stating conditions in DB
Recall starting conditions from DB
Customize Flat Area
File Modifica Visy
2 Mission1 i (=] [o][¢]
D ,Q ] | w Control1 P1 -
/*STANDARD L IBH
#include <Stand ClrL
/*COMMON LIBRAH —
#include <GPDef|
#include <GPTyq
#include <GPLiH{
#include <Comm
#include <WS.h .
#include "../.. " || Continuous Plant ||
crp [1
#include "FunI
vold, C1P1_Fy _

*F = Error*Erro

return;

ri

return;

h

When you select the MPI/CPO for

a Graphical Control, a special
block, named “Fldot”, is
automatically inserted in the

Control Graphical Layout.

From the “FIdOt” block you can
open the file Funl.c (or FunO.c)
and edit the cost function as a
function of the inputs of the
“FIdOt” block and of any variable
of the Workspace of the Control
Processor.

You can also edit the Funl.c (or
FunO.c) file by selecting the “Cost
Function” menu of the System
Layout.

Welcome to Innovation
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MPI/CPO configuration for a Control programmed in ANSI C (1/2)
E@ Selection of the Parameters to be identified / optimised

2, EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

[CIE
File  Edit Plot  Configuration  Scheduling  MPYCPO | ACG  Layout  View Help You Can Select the parameters to
. = = : | Setstarting conditions ' . . . . .
X B S &l T5| B cren stng contons e Sisuioer ©. be identified/optimised through
Open Cost Function . oy, .
_ —T——— o the “Set Starting conditions”
& MPI/CPO: Set starting conditions
| ) | r window, clicking on the “Add User
accuracy relative to the range of variation of the parameters {(=max value - min value) normalised: | 1e-06
_ _ _ N Var” button.
raximum number of trials (Cost Function computations): oo

Search MPI/CPO solution anly between minimum and maximum values

Beyond the Parameter name you
can indicate the range in which
the parameter value should vary.

Select  OndOff Farameter name Initial walue rdin walue e value

Ok Add User Var Del User War 7

S

Parameters infarmation Cancel

Welcome to Innovation
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@, EICASLAB SIMBUILDER: fhome/MyUser/MyProject.elp -

File Edit Plot Configuration  Scheduling  MPICPO | ACG L

P EE e

Co ) O,

File  WorkSpace

B = & B ¥
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MPI/CPO configuration for a Control programmed in ANSI C (2/2)

Set starting conditions

Open Cost Function
Save starting conditio
Recall starting conditi

Customize Plot Hrea

Current Directory: |

Faram
Inistate
FROC
Frocessor header

Comman

Funl.c

Finstate

Filter: |}

CopyParinDB_i.c
CtrDes.c

Plota
Plot.c

Frototypes
i ReadPar.c
R¥#State.c

#¢ Funl.c - KWrite [=]=]f=]
File Modifica Visualizza Segnalibri Strumenti Impgstazioni Aiuto
M EE = Q¥ ef NS S
Funl.c [=]
STANDARD
#include <Standard.h
& 8| =
Sk
B
=]
i

For an ANSI C Control you can edit
the cost function by means of the
“Open Cost Function” menu of the
System Layout which opens the
Funl.c (or FunO.c) file containing a
pre-defined function whose aim is
to compute the cost function as a
function of all the global variable
available in your control.

The Funl.c (FunO.c) file is also
available in the File Manager of
the Control.

Welcome to Innovation
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MPI/CPO configuration for a Control programmed in AAG (1/4)

|

~w Selection of the Parameters to be identified / optimised

o CriMmands Murmber
keasures Mumber

References Mumher

Disturbance ko

Choose Your Algorithm

Plant Simplified Model State Mumber 2

2! Parameter Data

13

\dentiﬂI :

Type: EL_DOUBLE
Command hodel

Marme: &
Hiel)= g %) 4 Vale 1.5700008-05 —
Y= c|*0 Flag for Identification: O |

Output roatriz of 1)
Ok 7 Cancel
+
Define your Parameter List:
a
Add - Del Set
Ok Initial State i

Cancel
L

Ok 7

Cancel
I

MPI:

You can select the parameters to be identify in the
“Model” window that is the window in which you
define the plant model.

You can select any parameter of the model, open its
“Data” window and press on the “Flag for
identification” button.

CPO:
All the poles of the Control are automatically
optimised.

Welcome to Innovation
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MPI/CPO configuration for a Control programmed in AAG (2/4)
ﬁ; AAG scheme

=

yli)
PLANT
- STATE AND DISTURBANCE —
OBSERVER ﬂiﬂ )
u(i) >
N
) _ x(i+1)
u(i+1) + Uy(i+1) <
| DELAY Q CLOSED-LOOP CONTROL |,
X4(i+1)
—
u,(i+1) ‘
o REFERENCE GENERATOR | , (i+1) Required stated values
References ry(i) Welcome to Innovation
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MPI/CPO configuration for a Control programmed in AAG (3/4)
E; Cost function for MPI

[=1E3)
Choose Your Algorithm For the AAG Contr0|5 EICASLAB manages
fl:'+l:Z:'r+ Cantral L= ) Z::::::z:::;mzbethmmzdesixedsta'.es automatica”y the COSt funCtion used in the
e MPl process-

The AAG identification cost function is

SHOW SCHEME # Cororoand rooedel * Luto User
" Pt o " based on the Observer Error, that is the
difference between the estimated outputs
A .
ot sl el T () and the measures coming from the
o VR B Frovide the desired poles of the plant ()\//):
L GIEERNT (=] Identification Cost Function Data
Weight for [dentification - Ohserver Error
. 2
1.000000e-+00 B F= 2” outputs Weight (y y)
Ok ¢ Cancel | [ The “Identification Cost Function Data”
User Preproc] i

; ' window allows you to fix the weights
User Postprocessing function BRI .
corresponding to all the measures.

Identification Cost Function data

L

Welcome to Innovation

2

-’5‘{%{‘ WWW.sleas it 19 @wwmmhb&:um



EICAS Automazione S.p.A.

-
=

g"{%gfﬁ.

excellence and passion in automatic control design

MPI/CPO configuration for a Control programmed in AAG (4/4)

& Cost function for CPO
]

Choose Your Algorithm

[=1E3]

Ohserver + Cantrol + Observer of the states

+ Dhserver + Control

RefGen

=
and the states of the plant.
Tt veceives a5 input:

SHOW SCHEME * Coromand model * Auto

# Disturbance model * Auto

2! Optimisation Cost Function Data

Weight for Optimisation - Observer Errar
Fla)
1.000000e+00

4  Provid Weight for Optimisation - Contral Errar

1.0000002+00

Obsersrer of the difference between the desired states

Ok 7 Cancel

User P I

User Postprocessing function

Optimisation Cost Function data

Ok 7

Cancel
L

The AAG optimisation cost function is based both

on:
*the Control Error, that is the
between the outputs of the
generator (desired outputs, x,)

outputs of the state observer (’)‘()

*the Observer Error, that

difference
reference
and the

is the difference

between the estimated outputs (9) and the

measures coming from the plant (y):

-3,

Il outputs

(CtrWeight (x, —X)%+0bsWeight (y-y)?)

Welcome to Innovation
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E; The MPI/CPO starting conditions

For any Control the “Set Starting
conditions” window, allows you to
configure the starting conditions of
the MPI/CPO process:

* the initial value and the range of
variation of the parameters to be
identified/optimized;

* the accuracy with which the
algorithm must obtain the
parameter values;

* the maximum number of trials
to perform;

* the parameters to enable or
disable: the disabled parameters
will not be considered and then
will not vary.

Welcome to Innovation

2

2. EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout IEE
File  Edit Plot Configuration  Scheduling  MPICPO - ACG  Layout  VMiew Help
—
Set start diti
M @ @ ﬂ Eay Oze:it:ngilncguso:doi::ns file I SIMBUILDER @"
iz MPI/CPO: Set starting conditions
accuracy relative to the range of variation of the parameters (=max value - min valug) narmalised: | 10.0001
kaximum number of trials (Cost Function computations): Hooooo
Agvarnsadd Search MPI/CPO solution anly hetween minim maximum values
Sele Farameter name @value Idin value [ E=RS vaue>
Fra[14]10] U47 BRT Tan TaON
fe[14][0] 16,7515 4 - ks
Hrs[14]4] 500 500 - |50
o141 a0 o1 - Ho
frs[14)[10] 500 4oo - oo
Fep14) 0] "o “ U]
Frs[14](11] HED BN - EE0
4] 56,6324
frs[r4)na) 500
} Ok Add User Yar Del User Yar 7 Parameters infarmation
I
ol L L
JCHE www.gicas.d 21
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E; The MPI/CPO starting conditions management

#¢ DataldOt.dat - KWrite

File Modifica Visualizza Segnalibri Strumenti Impostazioni Aiuto

[=]El=]

| E = Q& ¥l T EEN IS

Attention: if you edit this file do not change its format

s s e o s Rk ke R R Rk

Accuracy relative to the range of variation of the parameters (=max value -
1.000000e-04

min value) normalised:
Maximum number of trials (Cost Function computations)
16606608

Search between minimum and maximum values (Yes-=1, No-=8)
]

ID

You can directly edit the file containing the
starting conditions (this is generally
convenient for big amount of parameters).

2. EICASLAB SIMBUILDER: /home/MyUser/Projects/SchemaMPI_CP.elp - System Layout

]

File Edit Plot Configuration Scheduling MPIKCPO  ACG  Layout  Wiew

3 = = s Set starting conditions
M % @ E‘ JOpen starting conditions file

Open Cost Function

Filter

Save starting conditions in DB

Recall stating conditions fram O

inCF

Customize Flot Area
() | P ———

Directaries
| Al
usData/Datald OtDE/.

Recall starting conditions from DB |[=]|E3|

|_CPelp/Modules/MucleusData/DataldOtDE

Files
DataldOt.dat

Help

(©)]

You can save all your starting
conditions in a Database managed
by EICASLAB.

2l Save starting conditions in D-B usData/Datald OtDBY .. DataldOt_1.dat
File name | Datald Ot dat |
Selection
7
ok ' el 2_CP elp/Modules/NucleusData/DataldOtDEY
L I

018 Filter Cancel

Edit

. Welcome to Innovation
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" The MPI/CPO Plot Area customisation

)

&, EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

[EIE]

File  Edit Plot  Configuration  Scheduling  MPKCPO - ACG  Layout  View

J J J @ J J JOBH starting conditions file

Set starting conditians

Help

Before running the MPI/CPO process,

| Susuicper ©. you can customise the related plotting
&} EICASLAB SIMBUILDER - Controll_P1 Layout
File Edit Plat Scheduling WaorkSpace Layout View Help WindOWS by means Of the ”Customise
g B 2 el S © i
J ,,,:tzen,ea e Plot Area” menu which allows you to
S quickly select which parameters to
display during the MPI/CPO process
Title Flotted items Selection % unit ¥ unit (yOU can also dISplay the COStfunCtion) .
Graph n.1 iCostFunction CaelUEEn Select Htrials iy
Graph n.2 Part PE‘_‘” Select Yetrials Kyt
]
Graph n.3 Parz P2 Select Yetrials g
[Cantrol]
Ok Add Graph Remave Graph ¥
— i “ —
Welcome to Innovation
~—— 23
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" 'How to start the MP1/CPO process

When you select the MPI/CPO trial configuration
““‘ “w| (for a single Control function) you can run the
- _J J J _I :::::erdeﬂnmnn MASTER @ MPI/CPO process Which is managed by the

Project Warnings

MPI/CPO Manager tool, which is an add-on of
the SIM tool.

Regenerate Makefile

M comniling ontion
1 Run MPI/CPO process
-

EICASLAB: MPI/CPO Manager

o o i o oy The MPI/CPO Manager and the SIM tool are both
£l © created during the Assisted Compiling Process of
your project.
The MPI/CPO process is composed by the
- e, following three main steps
1. preliminary simulation trial, or initial
W Base Trial, performed within the SIM
) tool;
2. iterative process, where you have at
R R~ W NP disposal the RCP Manager GUI;
=1l 3. final Base Trial execution, performed
== | within the SIM tool.
‘ Welcome to Innovation
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% Base TriaI Cost Function
>

MPI/CPO process

New Parameter values

1. During the initial Base Trial a preliminary simulation is performed starting from the initial
parameter values provided by the user and a preliminary evaluation of the cost function is
made.

2. Then the iterative process starts: the project is simulated in an iterative way, by modifying the
value of the parameters to be identified or optimised, in order to minimise the value of the cost

function.

3. Finally a last simulation is performed using the parameter values that minimize the cost
function. Welcome to Innovation
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& | The initial Base Trial
R__W

. EICASLAB SIM: /home/MyUser/Projects/MyProject.elp (=1l
File  SiM Settings  Modify Parameters  Copy  Qutput Help
SIMULATION COMPLETED Time [s]: 1160.00 S @

1m0 uec[d] wuec[d] 160 yo[g]  yo[]
KI-1 11
400 -160
o 300 s00 00 1200 ) 300 00 00 1200
geaphl 1 avaphd [
uec(l4] oD a3 a5
0 [14]  yo[d] o yol3l  yals]
1-1 I-1
-B0 -1z0
o 300 600 f00 1200 a 200 00 o00 1200
graph = Fiaphs -
uecl15] o[l a6 a7
250 18] yo[i] 200 yole]  yo[7]
1-1 I-1
: w : —qé:’ljﬁ*‘\%
-1z0 -100
o 300 600 [00 1200 a 200 600 200 1200
,,,,,,,,,,,,
i
’
Time Scale
I

In the first step, a preliminary
simulation - called initial Base Trial -
is performed starting from the initial
parameter values provided by the
user and a preliminary evaluation of
the cost function is made.

During the initial Base Trial, the
trends of the variables selected by
the user may be displayed in the
classical SIM plotting window.

Welcome to Innovation
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&= EICASLAB: MPI/CPO Manager
File

| ed &l &) S

;TR\AL MNUMBER = 200

(ededelelefalalolalaladod
COST FUNCTION
start=1 544484e+04 / current=2 590125e+02

PARAMETERS:

peag|[15]:
slar=9.960000e-01 / current=9.561558e-01

peiz| s
start=8.9600008-01 / current=9.304103e-01

peafz|[4]
start=3.960000e-01 / current=3.904363e-01

pehiZ]4]:
slart=9.960000e-01 / current=9.737552e-01

Stop

_ The iterative process

MPI/CPO Manacer @,

o a0 100

CostFunction

1000

m[y]

v e Ay

] 50 100
Cebfo]]15]10]

Ceb{O][15][4]

130 200

[#uials]

150 200

[#izls]

[#wials]

Reset Restart
i

excellence and passion in automatic control design

At the end of the execution of the initial Base
Trial, the second step, named iterative process,
starts. It is the iterative part of the MPI/CPO
process in which the parameter values are
changed in order to reduce the cost function
value, updated at any iteration, until the
minimum has been reached, with the requested
accuracy.

The MPI/CPO process is performed by a
powerful numerical algorithm, developed by
EICAS, which allows in a very reasonable
computing time to get the optimum value of a
large number of parameters (it has been already
used to optimise the control system with up to
about 500 parameters).

During the iterative process the MPI/CPO
Manager GUI gets opened on the screen
allowing the user to control the overall iterative
process.
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EICASLAB: MPI/CPO Manager
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When the iterative process is
completed the third step, named final
Base Trial, starts.

Once achieved the minimum value of
the cost function, the final Base Trial is
executed with the related parameter
values obtained from the previous
iterative process.

The results are graphically displayed
again in the SIM GUI: SIM plots the
dynamic behaviour of the variables
selected for SIM plotting, both in the
initial and final Base Trials, for showing
a comparison between them in order
to immediately show the benefits
obtained with the MPI1/CPO algorithm.
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The MPI/CPO Manager tool has its own
Graphical User Interface which includes:

EICASLAB: MPI/CPO Manager
File
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*a control panel for a full control of the

(e ) / \ MPI/CPO process allowing to start,
start=1 544484 +04 / current=2 5301238+02 . Cont”‘]ue Or Stop the MPI/CPO process’ as
s well as to restart it;
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T T — o parameters and cost function values;
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*a text area for showing the results of the

e MPI/CPO process, including the numerical
U W o values both of the parameters and of the
cost function as they are changed during
the MPI/CPO process with respect to the
l initial values used in the initial Base Trial;
k “ *a menu toolbar for customising the

[ #trials |

algorithm and for configuring the

parameter values.
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Il modulo MPI/CPO é specificatamente concepito per effettuare

Control Parameter Optmmnsatmon

/ Parameter ldentification EICASLAB adotta un potente

Adotta un metodo originale di algoritmo di ottimizzazione

identificazione, orientato a numerica, che consente di ottenere (==
stimare i valori migliori dei in tempi ridotti il valore ottimo di un
parametri del modello largo set di parametri.

semplificato dell’impianto dal
punto di vista del control design
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