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The three main Working Areas

HICASTLAB™ has been conceived and developed as a
professional software suite supporting the automatic control design
and allows to develop and test embedded control system
architectures at different hierarchical levels.

Three main Working Areas
are available in EICASLAB:

- the Plant Area,
- the Control Area,
- the Mission Area,

specifically devoted and
customized to program the
different parts of your
project.
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The Plant Area concept

The Plant modeling is a fundamental task for the control system development.

In the first phase of control design, the control system is tested in a whole
simulated environment in which the plant to be controlled is fully simulated.

The Plant Area in EICASLAB is specifically devoted to offer all the necessary
features for modeling your Plant.

Typically the Plant model must consider all the aspects neglected in the control
algorithm design- such as friction, hysteresis and other non linearities — but
that may act on the frequency band of the control.

If the Plant model is not accurate enough you can obtain good simulations but
then the control could work not correctly on field.

On the other side, a Plant model too accurate may lead to useless and long
computation and simulation time without providing significant results.

Welcome to Innovation
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The Plant Area environment

EICASLAB offers a pre-organized environment devoted to the design and the
implementation of the Plant Area, which allows an accurate and efficient
development of your Plant models.

You have at disposal a set of libraries devoted to simulate the crucial aspects of
the Plant, including general and accurate models for the typical non-linearities
such as the hysteresis and the friction or other non-linearities that typically are
neglected in the control algorithm design.

The Plant Area simulation

EICASLAB adopts a fully original and proprietary procedure for the integration
of the differential equations of the Continuous Plant model.

The procedure has been specifically developed for overcoming the frequent
difficulties met as a consequence of the numerical errors, which can not be
avoided even with the best techniques of numerical integration. It can be handled
in @ way such to make their effects negligible.

The procedure requires a ‘“resolution value” for each state variable.
The “resolution value” is strictly linked to the physical meaning of the state
variable and corresponds to the precision with which you want to compute the

variable value at each sampling step. Welcom® to Innovation
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Plant Categories in the Plant Area

The following categories of plant may be programmed in the Plant Area:

OP|

ED|

the Continuous Plant:

it is the mathematical fine model of the plant to be controlled.

It is a dynamic system - with state and outputs variables - that can be
represented through a system of differential equations,

the Discrete Plant:
it allows to simulate a Plant by means of a set of finite differences equations
(the model uses a discrete time approach),

the Experimental Data:

it allows to substitute the Plant model with a set of data collected on field
during experimental trials.

It is then possible to perform simulations using directly the on field data
instead of data computed by means of a Continuous or a Discrete Plant.

the Hybrid Plant:
it is an advanced container that can collect blocks representing:
o a Continuous Plant, a set of Discrete Plants and Experimental Data,
o missions that allow to model disturbances acting on the Plant,
o A/D and D/A converters. Welcome to Innovation
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The Programming modes of the Plant Area

You can develop your Plant:

graphically programming:
you work on graphical layouts equipped with specific and oriented libraries
that contain a set of suitable pre-defined blocks,

programming with ANSI C language:

EICASLAB allows an easy programming in ANSI C language

by means of an open and customizable pre-organized structure

that allows you to focus just on specific and crucial aspects of the system to be
programmed.

You have at disposal a set of template files and libraries,

using pre-defined libraries,

using a combination of pre-defined libraries and ANSI C language programming.

Welcome to Innovation
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The Programming modes of the blocks of the Plant Area|() grarH () LIB
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The Continuous Plant
Differential state equations and EICASLAB integration procedure

The Continuous Plant is a dynamic system described by a set of state variables
that can be represented through a system of differential state equations.

The differential state equations provide the state derivative as a function of the
state and the inputs of the Continuous Plant and are called state equations:

dx/dt = f(x,u,t;par)
(having indicated: x: states, u inputs, t: current time, par: parameters).

The integration of the differential state equations is carried out through a smart
proprietary integration procedure embedded in the EICASLAB SIM tool.

The procedure has been specifically developed for overcoming the frequent
difficulties met as a consequence of the numerical errors, which can not be
avoided even with the best techniques of numerical integration. It can be handled
in @ way such to make their effects negligible.

The procedure requires a “resolution value” for each state variable.

Welcome to Innovation
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The Continuous Plant
The state variable number

procedure for integrating the differential

equations representing the model of a
Continuous Plant requires the knowledge of
the state variable number:

Graphical Continuous Plant:
the state variable number is
automatically available in EICASLAB
based on the graphical representation

Continuous Plant programmed in ANSI C:

the user has to explicitly provide
the state variable number.

Continuous Plant
cr

excellence and passion in automatic control design

=, File Manager of Continuous Plant - CP

(][]

File ‘WorkSpace State Variable Mumhber

Set State Variahle Mumber

B = oS

&) @ =

Current Directary: | Continuaus FPlant I

Faram
Inistate

Comman FinState

2 State Variable Number

1E

Inzert the Continuous Plant State Yariahle Mumber

State Wariable Mumber: | 42

Ok 7 Cancel

Filter; |

Welcome to Innovation
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The Continuous Plant
Associated popup menu

The Continuous Plant is by default graphically programmed.

wp - - ANSIC
Continuous Plant 4 Graphical
CE Continuous Plant
Open Layout - | » | Cancel
Frogramming kMode L — ———
Block Setling ~ Block Setting : Name =1E3)
settings for Export Mame: IECnntinunus Plant
switch 1o ... iscrete Plant
Experimental Data
Hybrid Plant
Delete
Ok 7 Cancel
Faste
Rotate -
Help

Welcome to Innovation
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The Continuous Plant graphically programmed
The Continuous Plant Layout

&=} EICASLAB SIMBUILDER - Continuous Plant Layout

The Continuous Plant Layout
allows to graphically program
the Continuous Plant.

File Edit Plot Schedule ‘WorksSpace Layout View Help

B ¥ B o=l O

2! Continuous Plant Library

Library  Macro

General

tdath

| Maon Linear |

You can build your plant
L model by using the blocks

2! Block Setting: Data j . ]
BLOCK INFO INPUTS INITIAL STATE RESOLUTION OUTPLUTS aval Ia b I e in th e CO ntl NUOuUsS

E:@:;%Ei%jr double double w1 | D.000000e+00 double i Pla nt L| bra ry Wl ndOW,

Siato. numberet

FParameters number=0 N ] ]
and by setting their:
= outputs,

. ! cr= || = parameters,

= resolution (dynamic blocks),
» initial states (dynamic blocks).

Welcome to Innovation
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The Continuous Plant graphically programmed
— The non-linear library

Bl continuous Plant Library
Librar hacro
- ; - m Iconin library | Block in the layout | decription
Math Coulomb Generate output according to a
- F|Coulornb Friction b
Mon Linear Frlctlon ﬂ}v‘ COUIOmb fr|Ct|0n mOdel
Hysteresis ﬁ Generate output according to an
ot o] rstasesis | hysteresis model
FooTo ! g Generate output according to a
Dead Zone = 1 DeadZans Itﬂ backlash model
Min Sat = o Limit the lower value of a signal
Max Sat = e Limit the upper value of a
o signal
Double Sat = e Limit the range of a signal

Welcome to Innovation
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The Continuous Plant graphically programmed
— The subsystems

Bl EicASLAB SIMBUILDER - Continuous Plant Layout
File Edit Py

2! EICASLAB SIMBUILDER - Continuous Plant Layout

M File Edit Plot Schedule WorkSpace Layout View Help I
B ¥ B & & & E SisuiLoer @
gy
totaldef mta]ﬂv{’ etz el_aest.ai:di.ecf

aaon”| X f_,—.

iy

deltaOra
cr

You can simplify the
representation of your
system by collecting parts
of your block diagram in a
block called Subsystem.

Double clicking on the
subsystem opens the
Subsystem layout, where
you can use all the blocks
available in the related
library.

You can also create other
subsystems in order to
build a hierarchical block
diagram.

Welcome to Innovation
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File Edit Plot Schedule ‘WorkSpace Layout View Help

M @ @ EI J J B! continuous Plant Library

Library  Macro

General
comPL comPL f . o o o

k}/ Maon Linear
® @ o
Cr

P, S
x ‘Backlash_Hysteresis‘% || o, | ||
\1’_2/,.
b

Td

The Continuous Plant graphically programmed
— The ANSI C blocks

It is possible to use special blocks
programmable in ANSI C
language.

There are two types of blocks,
allowing you to program in ANSI C
language:

« static functions
in this case the C block
implements the function:

y= f(u;par),;

« dynamic functions
in this case the C block
implements the function:

y= f(x,u;par);
(having indicated:
y: outputs, u inputs, x: states, par:
parameters)

Welcome to Innovation
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The Continuous Plant graphically programmed
— The macros

The Continuous Plant library window is customizable with user blocks called
‘macros’.

The macros are created by the user in order to complete the library according to
the user needs.

The macros can be programmed:

« graphically (working on the Graphical Macro layout) or
* in ANSI C language.

They are then available in the library window of the layout, as all the other
blocks and can be used in the current project.

They can also be exported and then used in other projects.

Welcome to Innovation
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| The Continuous Plant graphically programmed
—— The Input/Output variables

EICASLAB SIMBUILDER - Continuous Plant Layout
File Edit Plot Schedule ‘WorkSpace Layout  View H
PP EER Sususse ©
&, Conti Plant Library ] |
Continuous Plant — — S a el
m corFL froFL P General
- @ =) = =]
: . () ’ l |
. 1ir -
In order to define the © @ TS 2|
inputs and the outputs of a = e =
graphically programmed 44{’:% == [ [
block: |
# G as
!nsgrt _ . ,L @@ T
inside the graphical layout m——’T
the input - outputs blocks. e
] [ |
SRR  oocosn_Hystere. B
J=d |
[ [ Plant Noise Input - Plant Command Input ~fp | Plant Output ‘J

Welcome to Innovation
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The Continuous Plant programmed with ANSI C language

The Continuous Plant file manager

The Continuous Plant programmed
with ANSI C language has its own file
manager through which it is possible
to program the block.

EICASLAB provides a
pre-organised structure:

a set of template files
subdivided in: [ |

uep

I
e

& File Manager of Continuous Plant - CP

File  ‘WorkSpace State Variable Mumber

E = & & ¥ o

Current Directary:

& @ -

Cantiy

Luous Plant

Continuous Plant

I Faram

| .
H Continuous Plant -

® d ata fl IeS, i cr Continuous Flant

| £
. i "

________________ | Open File Manager

°

h €a d er fl Ies’ Set State Wariahle Number
° C fl IeS, Pragramming Maode

Library Read/¥rite Functions

that you can write and Block Sefing

customize in order to Soligs ot
implement your bIOCk' Sk Plotting

POST Recording

Delete
Paste
Rotate

Help

cammaon

Inistate
FinState

\
(DEI.h

Ciefines.h
Frototypes.h
ReadPar.c
ReadResal.c
RitState.c
StateEq.c

(ypedef.h

J
\

“

Filter: |

Directories

Welcome to Innovation
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The Continuous Plant programmed with ANSI C language
The header files

& File Manager of Continuous Plant - CP

Header files of the pre-organised
structure that are written by the user.

File  ‘WorkSpace State Variable Mumber

E = & B %] &

| | -

Definition of

Current Directory: | Carman I Defines.h user constants
Continuous Plant
T comen | Typedef.h Definition of user
structures
Commonc DB.h Definition / declaration of

user variables

Declaration of

Prototypes.h )
the function prototypes

Common.h Available for all the
blocks programmed in C

Filter: |¥

Welcome to Innovation
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The Continuous Plant programmed with ANSI C language

cP
Initialization functions

Name Description C File Data File
|ITTTTT T s s s EEE s = 5
. CP_ReadPar . Parameter file reading
1 |
I £ -

1 |
. CP_RphdState : Initial stateflle reading
: :
1 |
| 5
1 |
' CP_ReadRes : Resolution file reading
: :
| 5
:
: User initialisation function
|
1

Welcome to Innovation
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The Continuous Plant programmed with ANSI C language
I 2d| Execution functions

(e )| ) (Ceme )

Welcome to Innovation

- e : . - -I..-ll.l-.'..rl I'-l-
- Aywww.eicaslab.com



D.
excellence and passion in automatic control design
The Continuous Plant programmed with ANSI C language

CP|
Final functions

(e ) oo (e ) o)

" I
I I I
I I I
I 1 I I
I | I I
| B I e B =1
I I I
I I I
| | |
I I I
I I I
I I I

(@)
l'U
g
=
@
2
@
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Data file management

file pointer to the file ContPlant.par

value of the Continuous Plant parameters

AR 1T TVES
OBJECTIVES:

The fun

ion can read the parameter set of the plant mathematical model,

from the file ContPlant.par

All the parameters should be defined in:

DB. h, . database of the Continuous Plant Module

\

\

called by the EICASLAB simulator nucleus,

ing of the simulation,

excellence and passion in automatic control design

The Continuous Plant programmed with ANSI C language

File Manager of Continuous Plant - CP
File WorkSpace State Variable Number
File Manager of Continuous Plant - CP

File WorkSpace State Variable Number

File Manager of Continuous Plant - CP

File WorkSpace State Variable Mumber

H =l & B ¥ > o 3|

([o][x]

([o][x]

B[]

Current Directary: | ( FinState j
~ Continuous Plant T
Cammon

4) ContPlant finstate

n CP_ReadResol CP ReadState CP Ini..

Filter:

Filter:

Il
Welcome to Innovation
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ucp wop

Continuous Plant
CF

2! Library Read/Write Functions
Initial State ReadWrite Function
Resolution Read Function

Parameters Read Function

Gt 7

T

Torgque values
1 2
Generic array
ar[0][0]:
ar[0][1]:
ar[0][2]:
ar[1l][0]:
ar[l1][1]:
ar[l][2]:

Cantinuous Py
Dpen File Manager

File Structure

Yari

2] Variables

Structure:

Type:

Mame:

Walue:

File Structure

excellence and passion in automatic control design

One or mare scalar

douhle
torgl torg@

A5 32

(if you give more than one scalar separate their names and values with spaces or commas)

The Continuous Plant programmed with ANSI C language
The Library Read/Write Functions

[olx]

torql,torqg2

ar[2][3]

Mame:

Walue:

Carmment:

Ok

Edit File Cancel
Il
% [CIES
name you have to indicate the dimensions: ex: m[2][3])
Y
hatizantal
arle](3f Disposal: vertical Show names in row: yes no
other
to be put directly in the file
Generic array
¥ Cancel

Do o

Welcome to Innovation
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E The Continuous Plant programmed with ANSI C language
The Input/Output variables

EICASLAB SIMBUILDER - System Layout - home/MyUser/MyProject.elp

File Edit Plot Schedule MPWYCFO ACG Layout Library Help

MEEE S |©] The input/output variables

of the block are defined by
means of an appropriate

\d,E Setting: Input/Qutput Wl n d OW ]

— DISTURBAMCES S :?tﬁUTS \

Del

= e : The input/output

: B i variables are ANSI C

o : variables that can be
=S autput . .
. p /) | used inany ANSI C

po[double ucp, ~ nputn 1 J function of the block.

Del

Set

A Ok 7 Cancel

L J
Welcome to Innovation
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@ The scheduling of the Continuous Plant functions
— The Continuous Plant functions

The Continuous Plant may be programmed through a set of activities (functions):

Graphical Continuous Plant:

all the functions are entirely created and managed by EICASLAB and

depend on the graphical scheme of the Continuous Plant Layout and

on the data (e.g. parameters, resolution, states) directly inserted by the user.

Continuous Plant programmed in ANSI C:

all the functions have a template provided by EICASLAB and
are managed by the user.

Welcome to Innovation
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: “— The scheduling of the Continuous Plant functions
Q ?

The functions belong to three main categories:

<> | Initialization functions | —> called just once at the beginning of the simulation

<> | Execution functions |—> periodically scheduled

Continuous Plant
Activities

<> Final functions —> called just once at the end of the simulation

The user has to fix a simulation step,
which represents the time resolution applied in the simulation of the overall project.

The outputs and the state variables of the Continuous Plant are updated
at each simulation step.

Welcome to Innovation
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cP| @ The scheduling of the Continuous Plant functions
— Initialization functions

Graphical Continuous Plant:

-2 functions entirely created and managed by EICASLAB,
Continuous Plant programmed in ANSI C:
—> functions created by EICASLAB (template) and managed by the user.

The initial functions are called just once at the beginning of the simulation,
in the following order:

1) Parameter file reading,
2) Resolution file reading,
3) Initial state file reading,

4) User initialisation function (Only when programmed in ANSI C language).

Welcome to Innovation
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The scheduling of the Continuous Plant functions

@ Execution functions

Graphical Continuous Plant:
-2 functions entirely created and managed by EICASLAB,
Continuous Plant programmed in ANSI C:
—> functions created by EICASLAB (template) and managed by the user.

State equation Computation of the state derivative It is called by the EICASLAB routine that solves the
function system of differential equations

Output function '+ Computation of the outputs of the Continuous Plant ' It is called at each simulation step
(as a function of its current state)

The outputs of the Continuous Plant are updated at each simulation step.

Simulation step

<>
e R T e T |

2 .

Outputs update

Welcome to Innovation
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@ The scheduling of the Continuous Plant functions
— Final functions

Graphical Continuous Plant:

-2 functions entirely created and managed by EICASLAB,
Continuous Plant programmed in ANSI C:

—> functions created by EICASLAB (template) and managed by the user.

The final functions are called just once at the end of the simulation
in the following order:

1) User final function (Only when programmed in ANSI C language),

2) Final state file writing.

Welcome to Innovation
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The Discrete Plant
State equations

The Discrete Plant is a dynamic system described by a set of state variables that

can be represented through a set of finite differences equations (the model uses a
discrete time approach).

At each sample step the state of the dynamic system is computed as a function of
the previous state and of the inputs through the finite differences equations that are
called state equations:

x(i+1) = f(x(i),u(i))

The output of the Discrete Plant is computed as a function of its state:
y(i) = f(x(i))

(having indicated:y: outputs, u inputs, x: states, par: parameters)

Welcome to Innovation
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| The Discrete Plant
Associated popup menu

The Discrete Plant is by default graphically programmed.

«  ANSIC
et . ripl +  Graphical
Discrete Plant1
DFi Discrete Plant Ok | 7 | Cancel
Open Layout
Frogramming Mode Bl Block Setting : Name [B]x]

Block Setting -

: Mame: IEDiscrete Plantl
settings for Export

Switch to .. =

Continuous Plant

Experimental Data
Hybrid Plant

7
Delete Ok i Cancel

Paste

Rotate -

Help

Welcome to Innovation
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DP| The Discrete Plant graphically programmed
The Discrete Plant Layout

&} EICASLAB SIMBUILDER - Discrete Plantl
File Edit Plot Scheduling WorkSpace ACG  Layout  View

B ¥ B S|l e O

The Discrete Plant layout
allows to graphically program
the Discrete Plant.

2! Discrete Plant Library

Library  Macro \‘_@}

General

— = N ERNER
E=NES

uipl udplr@ pl

You can build your plant
model by using the blocks
available in the Discrete Plant

2! Block Setting: Data Li b ra ry Wi n d OW,
2! Block Setting: Data
ELOCK IMNFO INPUTS IMITIAL STATE OUTPUTS
hame=Discrete INEYator oupte | 1 double *1 | 0.000000e+00 double | k1 an d by Settl n g th el I.
Input numhber=1
State number1 = outputs,
Farameters number=0
" para meters,
= jnitial states (dynamic blocks).
Ok 7 Cancel

Welcome to Innovation
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@ The Discrete Plant graphically programmed
The non-linear library

Bl Discrete Plant Library

Likrary  Macro
— Icon in library | Block in the layout | decription

Math Coulomb Generate output according to a
; P{Coulornb Friction b
Nontnea | ristion —f= coulomb friction model
Dead Zone I o Generate output according to a
7= Py DridZan: backlash model
Min Sat % T Limit the lower value of a signal
Max Sat = » Limit the upper value of a
P{Belax Sat - S|gna|

Double Sat % e Limit the range of a signal

Welcome to Innovation
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DP|

File Edit PI

B ¥ 0

muﬂpl

La[1]

pl

The subsystems

pl

2] EICASLAB SIMBUILDER - Discrete Plantl Layout
2! EICASLAB SIMBUILDER - Discrete Plantl

e ] < [ X

=2

2

File Edit Plot Scheduling WorkSpace ACG  Layout  View

B ¥ B S| el

p3

P
L=

pg—om.[l]}

SIMBUILDER @
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The Discrete Plant graphically programmed

You can simplify the
representation of your
system by collecting parts
of your block diagram in a
block called Subsystem.

Double clicking on the
subsystem opens the
Subsystem layout, where
you can use all the blocks
available in the related
library.

You can also create other
subsystems in order to
build a hierarchical block
diagram.
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The Discrete Plant graphically programmed
o The ANSI C blocks

B! EicASLAB SIMBUILDER - Discrete Plantl Layout It iS pOSSible tO use SpeCial blOCkS

File Edit Plot Scheduling WorkSpace &CG  Layout  View Help .
_ - programmable in ANSI C
3 == < [ Swmsuioee ©. language.

2! Discrete Plant Library

Library  Macro

There are two types of blocks,

General

vt o D -m allowing you to program in ANSI C
e S TN o language:
 static functions
-Br in this case the C block
feo] o] [ implements the function:
= el =] y= f(u;par);
(D] (fe=| femi] + dynamic functions
in this case the C block
implements the function:
y= f(x,u;par);
(having indicated:
y: outputs, u inputs, x: states, par:
IBISERREIRIER  Discrete Plantt 1 parameters)

Welcome to Innovation
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The Discrete Plant graphically programmed
— The macros

The Discrete Plant library window is customizable with user blocks called
‘macros’.

The macros are created by the user in order to complete the library according to
the user needs.

The macros can be programmed:

« graphically (working on the Graphical Macro layout) or
* in ANSI C language.

They are then available in the library window of the layout, as all the other
blocks and can be used in the current project.

They can also be exported and then used in other projects.

Welcome to Innovation
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@ The Discrete Plant graphically programmed
The Input/Output variables

Bl EICASLAB SIMBUILDER - Discrete Plantl =13
File Edit Plot Scheduling WorkSpace ACG  Layout  View Help
B ¥ B &= E & Swsuioer ©,
Dls crete Plantl Discrete Plant Library
Library  Macro @)
)
Math o B
@ﬂ udpl pl pl L Nan Lingar
In order to define the Gl 3| -l
mputs_ and the outputs of a ®| o
graphically programmed e e e
o gz Rl |
bIOCk: w udpl 5 3 xgr@p‘;
insert (]| =] [=]
inside the graphical layout — [D]
the input - outputs blocks.
[ Plant Noise Input - Plant Command Input ~fp Plant Output

Welcome to Innovation
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The Discrete Plant programmed with ANSI C language

The file manager

The Discrete Plant programmed with
ANSI C language has its own file
manager through which it is possible
to program the block.

2! File Manager of Discrete Plantl - DP1
File  ‘WorkSpace

= B B ¥ po

&

&) @ -

EICASLAB prOVideS d Current Directory: | Discrete Plantl
pre-organised structure: P ——
a set of template files a1 715 -
subdivided in: —
. data files Discrete Plant1 et DE.h \
. ! DF1 Discrete Plant Defines.h
o header flIeS, Open File Manager ] ;;Diztpygres.h
. Programming hade :
¢ C fIIeS[ Librgars" Reangrite Functions g::tset:::]&cc ( m
that you can write and St Typedeth
. . ettings for Expo
customize in order to S g )
implement your block. Mt
ECarding
Delete
Paste Filter: |
Rotate I I
e Welcome to Innovation
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The Discrete Plant programmed with ANSI C language

! ile Manager of Discrete Plantl - DP1 Header flleS Of the pre'organ|sed
File ‘WorkSpace .
structure that are written by the user.
EH = &) B ¥ & @ =
Curtent Directory: | — ! Defines.h Definition of user constants
Discrete FPlantl
_ common | Typedef.h Definition of user structures
Common.c DB.h Definition / declaration of
user variables
Prototypes.h Declaration of
the function prototypes
Common.h Available for all the blocks
programmed in C
Filter: |F
Welcome to Innovation
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The Discrete Plant programmed with ANSI C language

L Initialization functions

Name Description C File Data File
|I-TTTTT s s s s E s 0 e [ A
- DP#_ReadPar I Parameter file reading | ReadPar.c - DiscrPlant.par I
: | : : :
B i e A I A [ -1
. DP#_R@ldState ! Initial statefje reading i RW3Hte.c . DiscrPlail.inistate |
o R o :

1 1 1

Welcome to Innovation
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The Discrete Plant programmed with ANSI C language

I E' Execution functions

(o ) | ) (oo )

FETTEEEEE T TS -t T === A
i DP# _StateEq i Computation of the next state of the Discrete Plant as a function of its current | StateEq.c i
e _stateandofitsinputs el .
- DP#_Out . Computation of the outputs of the Discrete Plant as a function of its current state | StateEq.c

Welcome to Innovation
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The Discrete Plant programmed with ANSI C language

Final functions

Welcome to Innovation
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The Discrete Plant programmed with ANSI C language

Plantl - DP1

.............................

void, DP1_ReadPar(FILE *fp) tr of Discrete Plantl - DP1

il nointer to +h 1ant nar c
ile pointer to th lant.pa br of Discrete Plantl - DP1

the discrete plant parameters

3 Bl ¥ oo & @ =

The function can read the parameter set of the Discrete Plantl, from the file DiscrPlant.pa

—
All the parameters should be defined in: ory: | ( FinState) I
DE. h. . database of the Discrete Plantl Module -

SCHEDULE:

The function is called by the EICASLAB simulator nucleus,
once at the begir g of the simulation session,

before the functions DP1_ReadState and DP1_Ini.

' CiscrPlant finstate

{.

return;

..............................

Filter:

Filter:

Welcome to Innovation
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O The Discrete Plant programmed with ANSI C language
= The Library Read/Write Functions

Variables

&) File Structure Structure: One of more scalar {if you give more than one scalar separate their names and values with spaces or commas)
uipl Variahles in File
Discrete beta i double
DF1 Dl ] (. falfa,heta
Seat Value: 227
% Comment: otations
2! Library Read/Write Functions
Initial State Read#'rite Function
: 5 . . Cancel
Farameters Read Function | File Structure Edit File
L
A ...101/eicaslab/workELD/gglu.elp/Modules/Missionl/Param/Mission.|[B|[=1E3] e
File Modifica Visualizza Segnalibri Strumenti Impostazioni  Aiuto e pa e s e s e =5 mlE[E
Ay
g IEEE 1 ISR N e S
rotations : alfa,beta L
2.2, 1.7 horizontal Show names in row: yes no
Generic vector : wvett[7] vertical
vett:, 1L 2. 3 4, 5. b. 7 other
[ Cancel
I 1] '
' ' Welcome to Innovation
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The Discrete Plant programmed with ANSI C language
The Input/Output variables

Help

The input/output variables

2

D of the block are defined by
- means of an appropriate
8] e ) =P o = 1
ﬁble dist: /* this is a disturbance */ wd gble ydpl; e \ WI ndOW.
= - integer
et 2, Variable Char: foat iics |E
A Type: double
\d Nams: e The input/output
oimension: [y variables are ANSI C
sl Commert |/ | variables that can be
Del used in any ANSI C
oet function of the block.
A
\d
\ Dk i Cancel
oy Ty
Welcome to Innovation
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@ The schedtlling of the Discrete Pl:imt functions
The Discrete Plant functions

The Discrete Plant may be programmed through a set of activities (functions):

Graphical Discrete Plant:

all the functions are entirely created and managed by EICASLAB and
depend on the graphical scheme of the Discrete Plant Layout and

on the data (e.g. parameters, states) directly inserted by the user.

Discrete Plant programmed in ANSI C:

all the functions have a template provided by EICASLAB and
are managed by the user.

Welcome to Innovation
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4@ The scheduling of the Discrete Plant functions

Functions categories

The functions belong to three main categories:

)

<> | Initialization functions | —> called just once at the beginning of the simulation

<> | Execution functions |—> periodically scheduled

Discrete Plant
Activities

> Final functions —> called just once at the end of the simulation

[

Welcome to Innovation
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@ The scheduling of the Discrete Plant functions
= Scheduling parameters

The user has to fix a simulation step,
which represents the time resolution applied in the simulation of the overall project.

The execution functions implement periodic activities characterized by the following
scheduling parameters (expressed as a multiple of the simulation step):

- Phase time at which they are called for the first time,
 Period their sample time interval,
 Duration their execution time.
duration
<>
] ] ] ] t
—t—t—t——t——t——+——+——+——F+——+——F+—+—
| —
phase period Simulation step

Welcome to Innovation

Sk, www.sicas.it B www.sicaslab,com



: O
) ?k\v  EICAS Automazione S.p.A. B
! :P - excellence and passion in automatic control design

@ The scheduling of the Discrete Plant functions
- Initialization functions

Graphical Discrete Plant:

-2 functions entirely created and managed by EICASLAB,
Discrete Plant programmed in ANSI C:

—> functions created by EICASLAB (template) and managed by the user.
The initial functions are called just once at the beginning of the simulation,
in the following order:
1) Parameter file reading,
2) Initial state file reading,

3) User initialisation function (Only when programmed in ANSI C language).

Welcome to Innovation
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m @ The scheduling of the Discrete Plant
The execution functions

Graphical Discrete Plant:
-2 functions entirely created and managed by EICASLAB,
Discrete Plant programmed in ANSI C:
—> functions created by EICASLAB (template) and managed by the user.
State equation function | Updating of the state of the Discrete Plant

Output function Computation of the outputs of the Discrete Plant (as a function of its current state)

To guarantee the correct scheduling of the Discrete Plant it is necessary to take into account its duration:

State equation function | called when the Discrete Plant is scheduled (considering its phase and period),

Output function called with the same period of the state equation function but with a delay equal to the
duration of the Discrete Plant in order to provide the outputs when they are expected

duration
e —i— e
I i i P i i P i P i i i l l l [0
| > ’ <>
phase period Simulation step Welcome to Innovation
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Ifﬁ\ The scheduling of the Discrete Plant functions
Final functions

Graphical Discrete Plant:

- functions entirely created and managed by EICASLAB,
Discrete Plant programmed in ANSI C:

-2 functions created by EICASLAB (template) and managed by the user.

The final functions are called just once at the end of the simulation
in the following order:

1) User final function (Only when programmed in ANSI C language),

2) Final state file writing.

Welcome to Innovation
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The scheduling of the Discrete Plant
How to set the scheduling

Bl Activities Scheduling [o][x]
File  Miew
v \ — | == ] 7
HRAEEERHH -
’ U Welcome to Innovation
=
2| |
(" Driscrete Flants OWERALL PERIOD = 50
Active  Func Period  Duration  Phase } 5| IIU 1|5 2|U 2‘5 3|° 3|5 4|° 4|5 5IU
m |mn |m,mtem..n | s |3 . )..\.HH.H.HH.H‘HH‘HH‘HH‘H.H‘HH‘HH‘W‘
\
AD convexte
Active  Func Period  Duration  Phase } 5| IIU 1|5 2|0 2‘5 3IU 3|5 4|0 4|5 5|0
o [ [ N
D converts
Active  Func Period  Duration  Fhase } 5| IIU 1|5 2|0 2‘5 3|0 3|5 4|0 4|5 5|0
o N
Missia oS
Active  Func Period  Dugation  Phase } -’I' IIU 1|5 EIU 2‘5 3|0 3|5 40 4|5 5|0
[] | | Stepl | 50 Na D
| | | BandNoise2 | A & n
Proczssor . 1
Active  Func Period  Duration  Phase } 5| IIU 1|5 2|0 2‘5 3|° 3|5 4|° 4|5 5IU
v [om [ o | s fso o RRRHFRRHRRRR R R R
: CL PP PO T T P T TP T T T TT T
]3 7 Cancel
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@ The Experimental Data
Concept

The Experimental Data allows to substitute the Plant model with a set of
data collected on field during experimental trials.

It is then possible to perform simulations using directly the on field data
instead of data computed by means of a Continuous or a Discrete Plant.

Welcome to Innovation
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The Experimental Data
J Associated popup menu

The Experimental Data is by default a library programmed block.

. - ANSIC
Experimental Datal
: +  Library
ED1 Experimental Data
Data File Selection v Library + ANSI C
Frogramming hMode
Block Sefting - o | 7 | cancel
Switch 1o .. _(Jcontinuous Plant Block Setting : Name =13
=M Plotting Discrete Plant
FOST Recording Hybrid Plant Marrie: IEExperimentaI Datal
Delete
FPaste Ok 7 Cancel
Rotate - : :
Help

Welcome to Innovation
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- The Experimental Data: the library programming mode
k—‘ The format of the Experimental Data File
The Experimental Data file is a text file (formatted file)

where each line contains data collected at the same time:
It contains one sample for every variable to read.

In this way there are as many columns as the number of variables to read

and as many lines as the total number of sample steps
corresponding to the duration of the experimental trial.

| v V2 vm |
s1 | wis1 J| vas1 }| ..s1 | vmst |
N = ((wisz J( vasz B ..s2 [ vmsz ]
‘% sa |[( wviss J( vess B ..sa |} vmsa |
i [ e B Bl N B vm.. |
Sn ( visn [ vasn J[ ..sn |} vmsn |

Welcome to Innovation
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The Experimental Data: the library programming mode

k@ The File Data Selection and Input/Output variables

Bl File Data Selection [=01E3]
Recard To Read: 1500
yedl Record To Skip: 5
Experimental Datal yed : —
Record ariable Mumber: 2 Maodify ariable Number
ED1 Expetimental Data
File Data Selection Spffect Data File: :
3 . Filter
=4 Block Setting: Input/Output -
= ‘homedwehinar/MyProject elp/Modules/ExpDatal/Datas”.
ile
Directories
integer feehinatibdyProject elp/Modules/ExpDatal/Datal’.
<, Variable Char:z fics |E MrebinarhyProject elp/Modules/ExpDatal/Datas.
— float |
Add Lble yedl;
: Type: double
Del
Mame: ived3
= ~
‘ Dimension: &
v Camment: Hhird variakle Select Data File
fhnmef‘webinan’M5.'Project.eIpruduIestxpDatmIDatafDataFiIe.b:E:
we Filter y
Ok Cancel
Ok 7 Cancel : :
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The Experimental Data programmed with ANSI C language

The file manager

The Experimental Data programmed

with ANSI C language has its own file
manager through which it is possible
to program the block.

EICASLAB provides a

2! File Manager of Experimental Datal - ED1
File ‘WorkSpace

| =) &) B ¥f oo

Current Directory:

&) g -

Experimental Datal

1 N\
pre-organised structure: . Erperimental Datai  ((Faran -
a set of template files — -
subdivided in: - — —
e data f||esl Experimental Datal | | yua ‘gal;h ) \
. header fIIeS, EDL OExper.imentaI Data, B :
pen File Manager ] Fin.c
° i Frogramming Made ni.c a3
C files, | | Files |
that you can write and Setings for Expor ReadPar.c
customize in order to ST e )
. SIM Plotting
implement your block. POST Recording
|:lJE|EtE
Paste q T
Rotate Filter: i
Hel L :
: Welcome to Innovation
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The Experimental Data: the ANSI C programming mode
The header files

\d;F aagerof Experimental Datal - ED1 Header flleS Of the pre_organlsed
— = structure that are written by the user.
EH = B B ¥ |
Curent Directory: | — | Defines.h Definition of user constants
Experimental Datal
_ common | Typedef.h Definition of user structures
Common.c DB.h Definition / declaration of
user variables

Declaration of

Prototypes.h )
the function prototypes

Available for all the

Common.h _
blocks programmed in C

Filter: |¥
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m The Experimental Data programmed with ANSI C language

Initialisation functions

Welcome to Innovation
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The Experimental Data programmed with ANSI C language

Execution function

e Come ) omme )

| I,
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The Experimental Data programmed with ANSI C language

Final functions

e Come ) omme )
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void, ED1_ReadPar(FILE *fp)

'{*

INPUTS:

fp. file pointer to the file ExpData.par

OUTPUTS:
value of the Experimental Datal parameters

OBJECTIVES:
The function can read the parameter set of the Experimental Datal,

All the parameters should be defined in:
DB. h, . database of the Experimental Datal Module

SCHEDULE:

The function is called by the EICASLAB simulator nucleus,
once at the beginning of the simulation,

before the function EDI Ini.,

*

{

return;

}

sk sk ohe ke e e ook o obe o e e e sk ok ok ok ke ok ke ke ke ok

excellence and passion in automatic control design
The Experimental Data programmed with ANSI C language

Data file management

from the file ExpData.par

jer of Experimental Datal - ED1

A By ¥ o & = 3 O e

Welcome to Innovation
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@ The Experimental Data programmed with ANSI C language
J The Input/Output variables

Block Setting: Input/Output
wedl
. . CUTPUTS
Exper Experimental Data  ,7*% Add Ifﬂ':'ublE yed1;
ED1 i : double yedZ;
File Data Selection Del
Open File Manager —
Programming kode
) r ‘ | Variable Characteristics
EIII:u:.k Setting o I Yl — ——
Settings for Export Input-’Dutput'
M : 1
Switch to .. - < o yen3
5”‘-."1 Plﬂtnrlg Dimension: I :i
POST Recording Comment:

third variahle

| I -

Delete

Paste

Rotate -

Ok 7 Cancel |
Help

Welcome to Innovation
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@ The Experimental Data: The Library + ANSI C programming mode
== The library reading and the user post-processing

The Experimental Data file

. . =1 File Data Selection
is automatically read by S p—
pedt the library function and its  |uosmse 5
Exper- Experimental E;ata .}mdj OUtPUtS (the raw data) Recard Yariahle Mumber: 2 Modify Variable Number
EDL___ Filg Data Selection are post-processed by a
Open File Manager user function which seieet baa Fle
Filter
ngramming 13612 Com pUteS the OUtPUtS Of fhomeswehinarMyProject.elpiiadules/ExpDatal/Datas™
Black Setting Name the Experimental Data S Fres
Settings for Export Input/Output bIOCk. ' / '
Switch to .
&} Block Setting: Input/Output
Sk Plotting File
FOST Recording
R&W DATA OUTPUTS
double uedl; \ Q double yed; \
double ued?z; double yedz;

Del  douhle ueds; Del
Delete

Set
Faste
Raotate A A

hd \d
Help
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L@ The file manager

wedl
E=perimental Data

Exper

ED1

File Data Selectian

Cpen File Manager

Programming kode

Block. Setting

excellence and passion in automatic control design

The Experimental Data: The Library + ANSI C programming mode

File Manager of Experimental Datal - ED1
File

E = & B %] &

‘WorkSpace

| | -

C1E)

Current Directary: | Experimental Datal

Epeimenta a1 rarer

2

Ciata
Zammaon
aettings for Export
Switch to .
. DE.h
Sk Plotting Difines h
FOST Recording Fin.c
Ini.c
e Prototypes.
et ReadPar.c
Delete Typedeth
Paste
Rotate
Help
Filter:
Welcome to Innovation
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The Experimental Data: The Library + ANSI C programming mode
ANSI C functions

(e )Ceme ) omare )

L T T T sTTmE T A
- ED#_ReadPar . Parameter file reading . ReadParc | ExpData.par |
L L o S :
. ED#_Ini ! User initialisation function ~ Ini.c i :
o L o S :
. ED#_PostProc I Post-processing of the data read from the Experimental Data file. PostProc.c | I
o L o S :
i ED#_Fin i User final function i Fin.c . - i
1 1 1 ! 1
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@ "; The scheduling of the Experimental Data functions
v The Experimental Data functions

The Experimental Data may be programmed through a set of activities (functions):

Library Experimental Data:
all the functions are entirely created and managed by EICASLAB.

Experimental programmed in ANSI C language:
all the functions have a template provided by EICASLAB and
are managed by the user.

Experimental programmed with a combination of library functions and

ANSI C language:
the functions are managed by the user
except the library functions for reading the data file.

Welcome to Innovation
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6 The scheduling of the Experimental Data

Functions categories

The functions belong to three main categories:

J

<> | Initialization functions | —> called just once at the beginning of the simulation

<> | Execution functions |—> periodically scheduled

Experimental Data
Activities

> Final functions —> called just once at the end of the simulation

[

Welcome to Innovation
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@ @ The scheduling of the Experimental Data functions
Scheduling parameters

The user has to fix a simulation step,
which represents the time resolution applied in the simulation of the overall project.

The execution function implements a periodic activity characterized by the following
scheduling parameters (expressed as a multiple of the simulation step):

« Phase time at which it is called for the first time,
 Period its sample time interval.
—t——t—+——&——+—+——&—+—+——a———————— t
| <«

phase period Simulation step

Welcome to Innovation

*'-.:Qf. www.sicag it 22 )vnvnw.eicaslab.com



**31‘ EICAS Automazione S.p.A. | .

excellence and passion in automatic control design

*6 The scheduling of the Experimental Data functions
'—i Initialization and final functions

Function Note Order of
description scheduling

The initial functions are called just once at the beginning of the simulation.

T T T T T T s s T s T TS S TS ST T~ - T T T T T TS T T T T T T T T T T T T T TSI T T T TSI T T T TSI S TITIE T TSI ST TE ST TS E TS 0 A
. Parameter file reading I Only when programmed in ANSI C language I :
b e e e b e e SR - J
. User initialisation function | Only when programmed in ANSI C language : :
The final function is called just once at the end of the simulation

___________________ .
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The scheduling of the Experimental Data functions

W=y
@ The execution function

The Experimental Data has one execution function
which reads the data file and, if it is requested, a post-processing function:

they are instantaneous functions
called when the block is scheduled (considering its phase and its period).

& > ¢

l’#l’#l’

phase \ period period
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The scheduling of the Experimental Data functions
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The Hybrid Plant

B EicASLAB SIMBUILDER - Hybrid Plant Layout [o][x]
File  Edit Plot Schedule ‘WorkSpace Layout Library Help
T T =< x| = b Fant ey 3 t _ ot
Library  Macro |§| il H}’bl‘ld Plal‘lt
Plant Area | J
issi ) [
< s Continuous Plant %I [t | W
= General | [nﬁN]
N ] _ The Hybrid Plant is a block
AD1 Discrete Plantl

graphically programmed

that allows to group the

Plant Area blocks
(Continuous and Discrete
. bl Plants and Experimental
i Data), Plant Mission blocks
(for modelling disturbances
acting on the plant) and

J converters.
B 1 :I_
*pyunapiant ¢
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