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Layout architecture in

HicasLAB™

The EICASLAB projects are
focused on the concept of
graphical layout: layout is a
graphical space for programming
part of your system.

In EICASLAB, a set of graphical
layouts are available, organized
in a hierarchical way, each of
them is devoted to a specific task.

A layout can contain blocks
represented by other layouts.
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File Edit Plot Schedule MPKCPO  ACG  Layout Library
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2! EICASLAB SIMBUILDER: /home/MyUser/MyProject.elp - System Layout

System Library

Library  Macro

(f{8] Avices
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Libraries of the layouts

©

©.
(@»@»\
Br e B
| | -
\§ J

Every layout is equipped with a
specific and oriented library
window which contains only the
blocks that can be inserted in
that layout.

You can build your graphical
representation by dragging &
dropping the blocks available in
the libraries.

The left section of the library
window indicates the name of the
available libraries of the layout.

The right section contains the icons
representing the blocks contained in
the selected library.
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The Layout Hierarchical Structure
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‘Low level graphical layouts

Name Area Insertable from the block library of ...

CONTINUOUS PLANT SYSTEM HYBRID PLANT P

PLANT LAYOUT | AREA LAYOUT LAYOUT ]

DISCRETE PLANT SYSTEM HYBRID PLANT 3

PLANT LAYOUT | AREA LAYOUT LAYOUT ]
LAYOUT

MISSION MISSION | SYSTEM HYBRID PROCESSOR

LAYOUT AREA LAYOUT PLANT NETWORK |
LAYOUT LAYOUT T —

Intermediate graphical layout
PROCESSOR CONTROL | SYSTEM PROCESSOR =
LAYOUT AREA LAYOUT ~ NETWORK HROCY
LAYOUT
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High level graphical layouts

Name Area Insertable from
the block library of ...

HYBRID PLANT PLANT AREA SYSTEM w—
LAYOUT MISSION AREA LAYOUT HYB
PROCESSOR CONTROL AREA SYSTEM
NETWORK LAYOUT MISSION AREA LAYOUT
SYSTEM PLANT AREA HYBRID PLANT
LAYOUT LAYOUT

MISSION AREA

PROCESSOR
CONTROL AREA NETWORK
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The System Layout

@) - System Layout - /home/MyUser/MyProject.elp
[& EICASLAB SIMBUILDER - S L /home/MyUser/MyP I
File Edit Plot Schedule MPKCPO  ACG  Layout Library Help
$ B S el
. System Library
l;lamAnea I
Control Asea ﬂ» -i‘< F
Mittion Area : '
VO Davices
e ¢ I U
*ua uc n
HAD1E
Mission
Area
‘System Layout

iﬂq‘& www.eicas. it |

The System Layout is the
highest level of the project
representation and it appears
when you run SIMBUILDER.

The System Layout is organised
in order to contain the following
three areas

 the Plant Area
« the Control Area
 the Mission Area

specifically devoted and
customized to program the
different parts of your project

Welcome to Innovation
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' The Continuous Plant Layout

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

File Edit Plot Schedule ‘WorkSpace Layout View Help

0 ) e < [

2! Continuous Plant Library

Library  Macro \‘_@}

General

| - = NEENER
ERNEENEE

m corPL comPLr fl a
Ry

You can build your plant
model by using the
blocks available in the
Continuous Plant Library.

an)

a3 s, deltuOm
)

delt]

= ‘ Backlash_Hysteresis ‘ K=

ad @- 2

Td
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Discrete Plant Layout

. EICASLAB SIMBUILDER - Discrete Plantl Layout [EIE
File  Edit Plot Schedule ‘WorkSpace Layout Library Help
M @ @ j J J 2! Discrete Plant Library
Library  Macro \‘_@}

General

N EE

Mon Linear |

B —(p1)" |
v

Discrete Plant.

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

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

Welcome to Innovation

Sk, www.sicus.it

%) vwvww.sicaslab.com



-

S . : Vo
ek;w ﬂEICAS Automazione S.p.A. =4 "
<) '!'. excellence and passion in automatic control design

e ——————————

The Hybrid Plant Layout

The Hybrid Plant Layout
MmEEE —— ) allows you to group generic
ro——— B Plant Area blocks
(Continuous and Discrete
. esonsre ||| -] - | S Plants and Experimental
K Data) and Plant Mission
Mol blocks.
The Plant Area blocks
are available in the
Hybrid Plant Library.
B~ = In addition Mission Area
blocks are available for
modelling disturbances
acting on the plant.
Hyora Plant
Welcome to Innovation |

5%‘5(;‘6. www.eicus.it D) vwww.sicaslab.com



*3 EICAS Automazione S.p.A. "
< im excellence and passion in automatic control design
*- The Control Layout
-
DI s e ey The Control layout allows
ﬂﬂﬂﬂgﬂg ﬂm:mtrl:ulLil:lrar}.«r to graphlca”y program
S e the Control.
General |
e e | e N
e s Vs S | U LTI You can develop your
D= | - control algorithm by using
! the blocks available in the
*{f' A Control Library.
[ == el | Referd
G_\:mm mﬂz’ﬂl
(e
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The Processor Layout
(=
Bl EICASLAB SIMBUILDER - Processorl Layout [o][x]

File Edit Plot Schedule ‘WorkSpace Layout Wiew = Protessor Library xHem The Processor Layout Can
L E X Loray_ e o[©|  contain many Controls
| ] e functions, all running on

the same Processor.

9}
[n] ] |-

Controll P1

C1F1

> '

Control2 P1

CIF1

Welcome to Innovation
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The Processor Network Layout

IS} EICASLAB SIMBUILDER - Processor Network Layout

File Edit Plot Schedule WorksSpace Layout Library

Help The Processor Network

8 B offwl] B = S PTSTeTePNERT TR N Layout allows you to
Lrary _ Mecro ©. group generic Control
asmae |l - | - | 2 Area blocks (Control and
i Processors) and Control

( =
M-

Mission blocks.

Controll P2

Processor1

Welcome to Innovation
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2! EICASLAB SIMBUILDER - Missionl Layout

B ¥ & S

=

Step

H

Sta

Step

5

File Edit Plot Schedule WorksSpace Layout Library

B b9 3
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The Mission Layout

2! Mission Library

Library  Macro

Mission Area
General |ﬂ}\—/| |7{-4| |__AV_'|
kath
| Maon Linear | \ﬂ \ﬂ

&,

The Mission layout allows to
graphically program the
Mission.

You can develop your
Mission by using the blocks
available in the Mission
Library.

Welcome to Innovation
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Input/output of graphically programmed blocks

2! EICASLAB SIMBUILDER - Continuous Plant Layout
File Edit Plot Schedule ‘WorkSpace Layout View Help

B! continuous Plant Library [%]
. M @ @ ﬂ n Library  Macro @) [»
Continuous Plant
CF ﬁ ‘oulol viction * Math W w Dm
mw_mm‘° Naon Linear
Rohotics
In order to define the DIRECY
inputs and the outputs of a o
graphically programmed .
block: ez (=g [ ]
Insert = ‘Backlash_Hyster&sis‘:mm |Cast| || ||
inside the graphical layout
the input - outputs blocks.
Td
—/

Welcome to Innovation
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Input/output blocks in graphical layouts

Layout Input Output
] F : Hybrid
Hybrid D¢ Hybrid - | pjant
Plant Outout
‘Processor I Network
Net k
[T Ine L"I‘fcor 0> | output
KNetwork P
Y,
( F \
""" Processor | «[8> Processor
Processor = Input Output
1\ /
@ » -
i Control Control Control Control
Control G- Measure -"’ Reference @ Data g cig Command
L Input Input Output Output )
Mission Mission a2 O
Input Output
Continuous/ o E'a_nt o E'ant . Plant
. oise omman S 1) 3
Discrete Plant T InBUE Output

Welcome to Innovation
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The menu of the blocks of the low level layouts

Every block inserted in a low level layout has its own popup menu.

fff‘] ot - l Block Setting menu
Block Seting p— the first item of the Block Setting menu depends on the type
SIM Plotting - of the selected block:
e T it can set the dimension of the block (which generally
o corresponds to the dimension of the input and the output),
Delete or its structure (opening a "Structure” window which depends
Paste on the type of blOCk),
o J the second item of the Block Setting menu opens the “Data”

window of the block.

The SIM Plotting and POST Recording menus allow to select the variables
to be plotted and/or recorded.

Every block has the standard Copy, Cut, Delete, Paste and Rotate
menus.

Welcome to Innovation
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The "Data” window

Every block inserted in a low level layout has its own “Data” window which

allows to view and modify (whenever possible):

the inputs,
the parameters,
the states (if any) and

the outputs of the block.

& Block Setting: Data

=

| EICASLAB SIMBUILDER - Discrete Plantl Layout
File Edit Plot Schedule ‘WorkSpace Layout Wiew

B ¥ & &

2] BY| I3

uc.ly\:.l

SIMBUILDER @-

[oifx]

Help

[o]x]

BLOCK INFO

INPUTS

PARAMETERS

INITIAL ST TE

QUTPUTS

Mame=Funic

Id Mumhber=0

Input number=1
Output number=1
State number=1
Parameters numher=1

double | uc

pc | 1.000000e+00

ouble %c | 0.000000e+00

tﬁouble Yo

Ok

Cancel

Welcome to Innovation
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The “Global Layout Data” window

2, EICASLAB SIMBUILDER - Continuous Plant Layout

[GIE3

[

Global Layout Data

File Edit | Plot  Schedule

WorksSpace Layout

Wiew

BLOCE INFO

INITIAL STATE

QUTPUTS

MName=Flant Caommand Input
Id Mumber=23

Input number=0

Cutput number=1

State number=0

Farameters number=0

comPL | 10.000000e+00

double| | icomPL

Input number=1
Qutput number=0
State numher=0
Farameters number=0

BLOCK INFO INPUTS
MName=Plant Output "
Id Nutber=24 double  th1PL

BLOCE INFO

INITIAL STATE

QUTPUTS

Mame=Plant Moise Input
Id Mumber=25

Input number=0

Cutput number=1

State numher=0
Farameters number=0

Td | 10.0000002+00

double | | iTd

BLOCK INFO

INPUTS

PARAMETERS

QUTPUTS

MName=Gain

Id Mumber=1&

Input number=1
Cutput number=1
State numher=0
FParameters numher=1

double | comPL

i i5.900000e-02

double %

BLOCE INFO

INPUTS

PARAMETERS

QUTPUTS

MName=Gain

Id Mumber=20

Input number=1
Cutput number=1
State numher=0
Parameters number=1

Ok 7

double |y

A/ 2 90AIE0R+03

double a1

Cancel

It is possible to view
and/or modify all the
data of all the blocks of
a layout by means of
the “Global Layout
Data” window.

Welcome to Innovation
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Using ANSI C blocks in a graphical layout

In the low level graphical layouts

EICASLAB SIMBUILDER - Continuous Plant Layout GUES

Fie Edn Pt Scheculs WokSpace Layoul View oo | (Continuous Plant, Discrete Plants,
~ 2 ol e . Control and Mission Layouts)
Hﬁ] il EI g ﬂ] -_r-g :ﬁ u B! continuous Plant Library . . ) - !
& E— it is possible to insert special
! ons v General blocks programmable in ANSI C
m - r-’-f-m,{:ﬁ—)- b ) (I' Math - | - |anguage_
v_:.";_‘xr v_‘:’.ﬁ‘)n " Naon Linear
i3 - There are two types of blocks,
" 1 = (D)= allowing you to program in ANSI C
(1) |\l7f ) ot .®> {6—}’ .
: L ) language:
. s (?‘1-2)‘ el ®>
« static functions
. || Backlash Hys(erais}f:i: [ [ ] in this case the C block
5 [cast] | =) implements the function:
“ (@) y= f(u;par);
x : :»:l vt ‘1’/1-/]-2‘\ 0 0 . .
- 1] « dynamic functions
oo B in this case the C block
implements the function:
y= f(x,u;par);
IR =ochosh_bysterozs
(having indicated:

y: outputs, u inputs, x: states, par:
parameters)

‘}"(‘:}‘.3‘. www.gicas. it 33 D) www.sicaslab.com
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ANSI C Block: structure

B! Block Setting: Structure [o][x]
e e Through the “Block Setting->Structure”
""" Open C Function l e window you can define the structure of
Block Setting o the ANSI C block in terms of:
POST Recarding * block input,
: « block states (if it is dynamic),
= + block outputs,
Delete ve « block parameters,
FPaste
Fotate add | Del | set
L__reraverens ]

2! variable Properties

Type: double

Mame:
Me add | Del | sSet

Ok 7 Cancel

Welcome to Innovation
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»Fun., Fun

Open C Function

Block Setfing
Export to Library

SlhA Plotting
POST Recording

excellence and passion in automatic control design

ANSI C Block: C files

Every C Block is associated to an ANSI C template containing
pre-defined C functions.

These C functions can use all the inputs, the states (if it is
dynamic), the outputs and the parameters of the C Block and
the time of the simulation.

<FunctionName>_Ini

<FunctionName>_Exe

<FunctionName>_Out

<FunctionName>_Fin

Function used for initialisation purposes Function executed before starting the
simulation

Function used to calculate the state evolution of called each time the block is scheduled
dynamic functions or the output of static

functions

Function used to calculate the output of called each time the block is scheduled
dynamic functions

Function used for final operations Function executed at the end of the

simulation

Welcome to Innovation
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The WorkSpace

EICASLAB WorkSpaces are sets of global variables defined by the user.

y, &5

Workspaces are available, associated to:
« the Plant Area: 1 WorkSpace for all the blocks of the Plant Area,
« the Mission Area: 1 WorkSpace for all the blocks of the Mission Area,

« the Control Area: 1 WorkSpace for every processor.

The internal blocks inserted in a low level graphical layout (Continuous Plant,
Discrete Plants, Control and Mission Layouts) can use the global variables of the

corresponding WorkSpace.

The Workspace variables can be viewed and modified by means of the
“WorkSpace: Global Variables” menu.

=, EICASLAB SIMBUILDER - Continuous Plant Layout ||§|E
Help

File Edit Plot Schedule ‘Workspace | Layout  Miew

. = - Global Yariakl
M @3| ;- |D E[ErT”a Es| | SIMBUILDER @-

Welcome to Innovation
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The WorkSpace variable definition

Bl WorkSpace: Global Variables =113 The Workspace ContaInS d Set Of
il b~ SRV RS global C variables,
Del | g defined by the user.
et
double
A
v rlEmEE fwsvar
Dimensions: 1,:,
Walle
Caomment:
L
Ok 7 Cancel
Quit 7

Welcome to Innovation
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How to use WorkSpace variables in graphical blocks

Any parameter of any block of a graphical layout can assume the
value of a WorkSpace variable.

WorkSpace: Global Variables

double WSYar =0;
double Matr[2][3];

2, EICASLAB SIMBUILDER - Continuous Plant Layout (][]
File Edit Plot Schedule ‘WorkSpace Layout View Help

(1)

=, Block Setting: Data @

BLOCK INFO INPUTS PARAMETERS QUTPUTS

Name=Gain = =
Id Number=3 double pl 1.0000002+00

Input number=1
Output number=1
State number=0

Parameters number=1

X Smsuioer. ©

Take value from the WorkSpace

\ ok ? Cancel

Ok 7 Cancel

Welcome to Innovation
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Variable selection for SIM plotting and POST recording

It is possible to select any input, any state (if any) and any output of every
block inserted in a low level layout for SIM plotting and/or POST recording:

it pl
2 ]‘*

“P_. Gain
Block Setting

|_SIM Plotting

FOST Recording

Copy
Cut

Delete
FPaste

Rotate

T |

Input Areai1-6)  MN(1-4)

In1 ﬁ & h—
Cutput Areai1-6)  MN(1-4)

pl

Ok 7 Cancel

& POST Recording (B[]
Input

Cutput

pl

Ok Labels 7 Cancel

Selection of the variable for

SIM plotting.

The SIM has six plotting areas in which
you can display up to four variables:
when you select a variable you indicate
in which area and in which position to

plot it

Selection of the variables for

POST recording.

Welcome to Innovation
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Subsystems

When you create your
project in Graphical mode,

2! EICASLAB SIMBUILDER - Continuous Plant Layout
File Edit P

2! EICASLAB SIMBUILDER - Continuous Plant Layout

M File Edit Plot Schedule WorkSpace Layout Wiew Help YOU can S|mp||fy the

P = < swsunee @11 representation of your
system by collecting parts

of your block diagram in a
block called Subsystem.

i g8

o m'ﬂﬂf{’ Diead Eone e .
1 o PR e i R Double clicking on the
T 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
S diagram

Welcome to Innovation
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s Macros in graphical layout

The libraries of the low level layouts (Continuous Plant, Discrete Plants, Control
and Mission Layouts) are 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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User libraries

The macros are created in ‘user libraries’:

T before creating macros it is necessary to
create user libraries.

There are then two categories of libraries:

default libraries: containing the blocks available as
a default for each specific layout

user libraries: containing the user macros,
they are indicated in the low part

of the left section of the library windows.

Welcome to Innovation
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Macros level
You have at disposal three levels of | nightevel |
macros: A (T
Local level macros: macros that can be S
used and modified only in the project in
which they have been built, Uaer
User level macros: macros that can be
used and modified only by the user who
built them, |
System level macros: macros that can be | lowlevel |

used and modified by every user that
share the same EICASLAB.

Welcome to Innovation
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i

~ - Graphical Macros: creation and editing

2! EICASLAB SIMBUILDER - Continuous Plant Layout

File Edit Plot  Schedule ‘WorksSpace Layout  Wiew Help .
: You cr raphical Macr
M % @ ﬂ J J 2, Continuous Plant Library [E3] ouc eate d G ap ca acro by

Lbrary  wacro <l means of a Macro Layout, which
q = @) &L—E has the same library window as
Ty @ | e the block from which you edit the

| aq Macro.
@’D 1

,

-
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= Graphical Macros: instances

Sl EIrfrACI AR CIMRBININRED - Fantinnane Dland | swuand all

& Macro.1

Macro

pl

in
(1]

le'r} ¥l VI- J- =l XI-—DOLU.[I]
pz @‘ xl

We call instance of a block available
in a block library any occurrence of it
in the graphical layout.

An instance in the graphical layout
can be created by drag & dropping a
block selected in the block library in
the graphical layout.

You can customise the parameter
values of any instance by double
clicking on the instance, or by
selecting the Open Layout item in
the popup menu of the instance: a
Graphical Macro layout representing
the macro gets opened.

In the Macro layout you cannot
change the structure of the macro
but you can modify the value of the

parameters.

Welcome to Innovation
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— ANSI C Macros
B Block Setting: Structure [o][=]
You can create an ANSI C Macro which is similar to the

uc

ANSI C blocks but is inserted in a user library and can
then have many instances in the corresponding layout.

STATE
HE

Two types of Macros are available:
« static ANSI C Macro (static functions)
« dynamic ANSI C Macro (dynamic functions).

Add | Del Set

Yo

Add | Del Set

When you create an ANSI C Macro its “Structure”
window immediately gets opened.

Add | Del Set

Ok 7 Cancel

Welcome to Innovation
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== Macros popup menu
. Continuous Plant Library |
Libiraty  Macto |k§;'}_r|
Geneal |
Iath | My .
vor oo || s 5 Every Macro has its popup menu.

Saye A5

Drieleter

Settings for Export
Properies

IiyLib |

Description
Edit Allow to modify the macro. It opens the C source file for ANSI C Macros, and the

Graphical Macro layout for Graphical Macros
Structure  Open the “Block Setting: Structure” window to modify the structure of the macro Only for

ANSI C Macro

Save As Create a copy of the macro with a new name
Delete Delete the macro
Settings It is possible to export a set of user macros to be shared with other projects.

for Export The “Settings for Export” menu allows to specify if and how an user macro has to be
protected when it is exported

Properties Open the “Properties” window of the macro ation
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Macro: Properties

Mame: EFun

Authar: Ewebinar

Type: ©
Library: hAyLib
Layout: Continuous Plant Discrete Plant Contral
lean: - Choose a Macra Icon
Protection:
Lewel: Local User Systam
Ok 7

=1E3

e

Name

Author

Type
Library

Layout

Icon

Protection

Level

excellence and passion in automatic control design

= Macros: Properties window

Name of the macro

Author of the macro

Indicate if it is Graphical or ANSI C (this is a not editable field)
User library to which the macro belongs (which can be changed)

Indicate in which layout the macro can be used and allows to extend
the use of the macro to other layouts

Each macro is represented by an icon in its user library;

The icon is the image associated to a given user block of a user block
library.

By default the icon contains the name of the macro. It is possible to
provide a user icon for the macro by means of a xpm file.

Indicate whether the macro is protected (imported with restrictions) or
not

Allows you to view and to change the current level of the macro

Welcome to Innovation
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Library | Macro

Refresh

Hide ath Fun Macra

e

eral

_inear
Rename

=

Export

Import

& Library: Export

Expatt of the library ‘MylLib"

Give the directory and the name of the exported library.
Directary: | shomesvebinar
Mame: MyLib

The name of the output library is: kyLib.elibtargz

Ok G

“x

It is possible to protect the exported macros: Export Restrictions

excellence and passion in automatic control design

Macros: export

You can export macros to make them available to other EICASLAB

projects.

A macro can be exported with restrictions in the sense that it can
be made available with limited permissions in reading/writing in
order to protect your IPR (Intellectual Property Rights).

You can export an entire user library or a set of

selected macros of a user library.

Erowse

to export,

Cancel
Il

The “Library: Export” window allows to set:

« the name and the destination path of the library

« the Export Restrictions button which opens a
window containing the list of the exporting macros
with their own export settings and where you can
set the restrictions of the exported macros.

Welcome to Innovation
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e Lrew

Macros: export restrictions

You can export the macros:
QOwithout any restriction (open padlock 4 )

Qwith restrictions (closed padlock | )

B! Export Restrictions =3
Actual setti for th rt
S AVAILABLE EXPORT RESTRICTION
Macro name Restrictions when Source code Macro parameters
exported availahbility availahbility ’:’ for ANSI C MaCFOS:
Pl
- - ; ves o deny access to source code
it & - No o deny access to parameters
Fun1 i &
- e ! O H .
o % for graphical macros:
LN i .
= " o deny access to graphical layout
o deny modification of graphical layout
structure .
Ok K Cancel
Welcome to Innovation
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2. Continuous Plant Library

Library | Macro

Refresh aral

Hide
ath
[ s
inear
_ Renarme
T ik
Export
Import

& Library: Import

(0]:4 7

fhomeswehinartdyLib elintar gz

=l
Cl

Give the directory and the name of the library to import:

excellence and passion in automatic control design

Macros: import

You can import all the macros of an

exported library through the
Library — Import menu:

A browser appears for selecting the user

library to be downloaded.

Erowse

Cancel

Welcome to Innovation
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The Professional Software Suite
for Automatic Control Design
S5 and Forecasting
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