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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 Mission Area concept
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PLANT
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The Mission Area is used to plan the
simulated trials.

It is split in two sections, respectively, the
Plant Mission and the Control Mission.

The Plant Mission has to generate the
disturbance acting on the plant during the
simulated trials and to schedule any other
event concerning the plant performance,
like plant parameters variations.

The Control Mission is devoted to generate the host command (which is an external
references of high hierarchical level) to be sent to the plant control during the

simulated trials.

The Mission Area design and implementation is a key task for the control system

design and testing.

EICASLAB gives all the necessary features for designing and implementing the Plant
Missions and the Control Missions.
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Mission Categories in the Mission Area

The following categories of mission may be programmed in the Mission
Area:

the User Mission:

15 it is @ Mission entirely programmed by the user.
= the Elementary Missions:
'.L_\@ they are a set of pre-defined signals.

Welcome to Innovation
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The Programming modes of the Mission Area

You can develop your Mission:

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 the Elementary Missions.

Welcome to Innovation
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" The Mission Area library

The Mission block can be inserted in:
» the System Layout,

" . System Library

Library  Macro

. « the Hybrid Plant Layout (Plant Mission)
e « the Processor Network layout (Control Mission)
General Library  Macro

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

Plant #rea

— Fral File Edit Plot Configuration  Scheduling  MPYCPO  ACG  Layout  Miew Help
wis| S B El B s yero & v b

1f0 Devices " . Processor Network Libi. v - = =

o Library  Maco ¥ = ) X Smeuioer ©

Contral Area
Ee e
General f
e Fu_dt us2 .
* DAL * . mesd  *uat vl
s Hybrid Plant * AD1
e J
M| M| G- =
N
=1 | Plant Mission Control Mission | [
M1 MZ
~
refl
cond.
‘mas
L J
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The User Mission
Associated popup menu

The User Mission is by default graphically programmed.

_________________

| 1
i § | ‘ -
| Missionl | ¢ e
i__id_l__T Mission & Graphical
Cipen Layout
Lrngramminghﬂndel Ok | ? | Cancel
Block Setting E

=) ing : u
Settings = EP'CFIIIITT 2 Block Setting : Name I=IE3]

Mame: IEMissinm

Delete

Faste

Raotate - (8] 4 ? Cancel
Help

Welcome to Innovation
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The Mission graphically programmed
The Mission Layout

A EICASLAB SIMBUILDER - Missionl

The Mission Layout allows
File Edit Flot Scheduling ‘WorkSpace Layout View

to graphically program the
4 B 2|l S E T Mission.

Library  Macro

Mission Area

General |ﬂb‘| |7}4| |__AV_'|

rdath

. I You can implement your

Mission by using the blocks
available in the Mission
Library window,

2! Block Setting: Data
BLOCK IMFO INPUTS

Mame=Discrete Integratar

1d Mumher=1 EL_DOUBLE | | 41 EL_DOLUELE =1 EU_DDDDDDE+DD EL_DOUBLE ;>-<1
Input number=1
Output number=1

and by setting their:
State number=1
Parameters number=0 \ un Outputs,
* parameters,

ox ) = jnitial states (dynamic blocks).

INITIAL STATE QUTPUTS

Welcome to Innovation
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The Mission graphically programmed
The non-linear library

Library  Macro
o m Icon in library | Block in the layout Description
General
Coulomb Generate output according to
kath F{Coulorb Friction b
Friction == coulomb friction model
Dead Zone FoToos Lo Generate output according to a
7= Py DrdzZan: backlash model
Min Sat o Limit the lower value of a signal
_—AV—" | Blin Bat. -
Max Sat 51 Limit the upper value of a signal
7}5 {Bax Sat |-
Double Sat ” Limit the range of a signal
7}5 #{Double Sat =

Welcome to Innovation
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! EICASLAB SIMBUILDER - Missionl

File Edit Plot Scheduling  ‘WorkSpace Layout  Wiew

EICASLAB SIMBUILDER - Missionl

B ¥ B S| Wl E K

File Edit Plot Scheduling  WorkSpace Layout  Wiew

excellence and passion in automatic control design

Help

SIMBUILDER @-

D}ﬂ }ﬂplplxl x1x2 xzD

The Mission graphically programmed
The subsystems

_@E
3=
£ o
]| [0
@

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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The ANSI C blocks

Mission Library

It is possible to use special blocks

2! EICASLAB SIMBUILDER - Missionl Library  Macro Q:‘)/, programmable In ANSI C
File Edit Plot Scheduling WorkSpace Layout View Wission Area |anguage-
v & &l =
By E ellels H O Math There are two types of blocks,
Non Linear &> allowing you to program in ANSI C
) . language:
P J— i [ 1] guag
wnl ® - -
' cest] [= | [D] - static functions
o | in this case the C block
| Mission 1.1 || ** [Fun.] implements the function:
sy ™ y= f(u;par);
« dynamic functions
in this case the C block
implements the function:
y= f(x,u;par);
ARSHBRH]  ission1 1
(having indicated:
y: outputs, u inputs, x: states, par:
parameters)
Welcome to Innovation
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The Mission graphically programmed
The macros

The Mission 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 Mission Library window 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 Mission graphically programmed

The Input/Output variables

Missionl
M1

vl

wrod

In order to define the inputs
and the outputs of a graphically

programmed block:

Insert inside the graphical layout
the input — outputs blocks.

El EIcASLAB SIMBUILDER - Missionl

File Edit Plot Scheduling WorkSpace Layout View

B ¥ B o[wl] = 5 o

stepl
Step +
o E] D
wnl
+

o e

ued | w2 pi o2 2 yud
-

wnl
Fhite Waise

2. Mission Library

Library  Macro

Mission Area

General

hdath

Mon Linear

Cast

[ v wf e

2

[FASSIRR| issiont.1
Mission Input Mission Output
Welcome to Innovation
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The Mission programmed with ANSI C language
—~ The Mission file manager

The User Mission programmed with
ANSI C language has its own file Bl File Manager of Mission1 - M1
manager through which it is possible File Workspace

to program the block. Bl = & ¥| o

EICASLAB prOVideS d Current Directory: A" N sion !
pre-organised structure: Missiont Param
1 IniStat ( Di tori
a set of template files connon | Finstage
subdivided in: \ J
« data fiIeS, - i Mission1 = iiesian [ga{rh . \
* header fl|eS, :--b Open File Manager | Missiun..c
° 1 Programming Mode Frototypes.h
ANSI C flles’ . Library Read/Write Functions ReadPar.c < m
that you can write and  swcxseting Topeaert
customize in order to Seings v Exfar \_ )
. Sl Plotting
implement your block.  rostrecong
Celete
Paste =
Ritate Filter: |
Help : L
Welcome to Innovation
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& File Manager of Missionl - M1
File  'WorkSpace

E = & B %] &

| | -

Current Directary: | Cammaon

kdissiond

CLTUTLCLE

excellence and passion in automatic control design

The Mission programmed with ANSI C language
The header files

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

Defines.h

Typedef.h

DB.h

Prototypes.h

Definition of
user constants

Definition of user
structures

Definition / declaration of
user variables

Declaration of
the function prototypes

Available for all the blocks

Common.h :
programmed in ANSI C
Filter: |¥
Welcome to Innovation
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The Mission programmed with ANSI C language
Initialization functions

Name Description ANSI C File Data File
_________________ o
M#_ReadPar : Parameter file reading
1
_______________ IR N
1
M#_RPhdState : Initial statefille reading
:
1
_________________ e SR

Welcome to Innovation
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The Mission programmed with ANSI C language

Execution functions

(e )| ) (Ceme )

r==========- L2 A

: :Computation of the next state of the Mission as a function of its current state and . . !

' M#_Exe b  Mission.c !

: - - of its inputs ! :

o

- M#_Out ~ Computation of the outputs of the Mission - Mission.c
1

Welcome to Innovation
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— The Mission programmed with ANSI C language

M5
Final functions

(e ) e (e ) e )
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The Mission programmed with ANSI C language
Data file management

B File Manager of Missionl - M1
P

void, M1_ReadPar (FILE *fp)

I*

INPUTS: N EIE: ok
fp. file pointer to the file Mission.par :

OUTPUTS:

initial value of the parameters of the Missionl

OBJECTIVES:
The function can read the parameter set of the mission, from the file Mission.par

All the parameters should be defined in:
DB. h. . database of the Missionl Module

SCHEDULE:

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

before the functions M1_ReadState and M1_Ini.

*f

{

return;

}

L
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The Mission programmed with ANSI C language
The Library Read/Write Functions

<

Variables

-

I &) File Structure

: ‘ariahles Structure: Onhe of more scalar {if you give more than one scalar separate their names and values with spaces ar commas)
uril ..

1 add I1,5cal2 _ L

i | Mission # -

| . Variables (][]

| M1 Del : — . .

I ____ Structure: Aitray {Inserting the name you have ta indicate the dimensians: ex: m[2][3])

Set
= - -
N g double 2! Dimensions in each row (o][x]
Howy many dimensions of the array do you syant to plot in each row?

& Library Read/Write Functions

Initial State ReadWrite Function

Parameters Read Function File Structure Edit File

#¢ Ctr.par - KWrite

File Modifica Wisualizza Segnalibri  Strumenti  Impostazioni  Aiuto

2 | B o | €9 | R W f' LA | S S Ok ? Cancel
| scalar parameters : scall,scal2 I I|
1 2, g
array parameter : ar[2]1[3]1[4]
ar[elfe]l:. 1.. 2., e.. 8.
ar[@]f1]:. e.. 1.. 6.7.. e.
ar[alfz2]:. B.3.. .. 1.. 8.
ar[1][e]:. 0.. e.. 8.2 1.
ar[1]1[1]:. 1.. @.. 8., 8.3.
ar[1]1[2]:. B.. 1.. e.. 8.

Welcome to Innovation
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The Mission programmed with ANSI C language

The Input/Output variables

Cpen File kManager

FProgramming kode

vl
@ Missionl ‘ i
M1 :

kdission

Library ReadWrite Functions
Elock Setting
Settings for Export

File

2! Block Setting: Input/Output

Mame

Input/Cutput

The input/output variables
of the block are defined by
means of an appropriate
window.

/ INPUTS
)

addl] EL_DOUBLE umi;

Type:
Mame:
Dimension:

Comment:

Ok

2! variable Characteristics

EL_DOUBLE
ym3

hl

Cancel

QUTPUTS

N The input/output
variables are ANSI C
variables that can be
used in any ANSI C
function of the block.

Welcome to Innovation
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7 The scheduling of the Mission functions
(%) o .
The Mission functions

The User Mission may be programmed through a set of activities (functions):

Graphical Mission:

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

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

Mission 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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6 The scheduling of the Mission functions
N Functions categories

The functions belong to three main categories:

|

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

Execution functions |—> periodically scheduled

Mission Activities

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

|

Welcome to Innovation
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7 The scheduling of the Mission 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
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7 The scheduling of the Mission functions
(%) o .
Initialization functions

Graphical Mission:

-2 functions entirely created and managed by EICASLAB,
Mission 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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- The scheduling of the Discrete Plant
@ X

The execution functions

Graphical Mission:
- functions entirely created and managed by EICASLAB,
Mission programmed in ANSI C:
-2 functions created by EICASLAB (template) and managed by the user.
Exe function Updating of the state of the Mission

Output function Computation of the outputs of the Mission

To guarantee the correct scheduling of the Missionit is necessary to take into account its duration:

Exe function called when the Mission is scheduled (considering its phase and period),

Output function called with the same period of the Exe function but with a delay equal to the duration of the
Mission in order to provide the outputs when they are expected

duration
«—> /
] _i_ ]
I i i g i i et i L i i i i i : t
| ’ <>
phase period Simulation step

Welcome to Innovation
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6 The scheduling of the Discrete Plant functions
Final functions

Graphical Mission:

- functions entirely created and managed by EICASLAB,
Mission 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 Mission
How to set the scheduling

<. EICASLAB SIMBUILDER: /home/MyUser/Projects/MyProject.elp - System Layout

File Edit Plot Configuration  Scheduling | MPIKYCPO  ACG  Layout  Wiew
Activities Scheduling

B Y| B B wis

#u_dl u_al

DA1

Continuous Plant
CF [1]

Plant Mission
M1

Refrn

E~ |

excellence and passion in automatic control design

Current Simulation step: 5.000000e-03

QOYERALL PERIOD = 5 simulation steps

Live Execution flag: Durstion  Phase 3 6
L . !
u | CP | Continuous Plant on — 1 0 ‘ 1 1 ! ‘ ! !
AD converts)
Live  Function Execution flag Duration  Phase 3 ¥ 2
| |Am | £ an e Na | { { { { { { {
DA congerte
Liwe Funrtion Execution flag: Duration  Phase 3 6 9
. !
u |mu | DAL on e N& { { { { { { {
Missions
Live  Functi Execution flag Duration  Phase 3 [ 9
u | M1 | Plant Mission On r— 1 n
u | Mz | Control Mission on — q n
Fro0essoz . 1
Live  Functi Execution flag Duration  Phase 3 ¥ 2
~ |c1P1 | Controi1 71 R — 3 ) }_'_H | i_'_'_|
Ok 7 Cancel

Welcome to Innovation
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.~ The Elementary Missions

The Elementary Missions are a set of pre-defined signals.
They are represented by blocks that do not have any inputs and have one output:

ud ¥ Corornand
* DAl 3 _ .
Continuous Plant AD1
CFP
EBandIToisel
drefereru:e step
cororonand N Higgl

| roeas_i

Welcome to Innovation
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The Elementary Missions

‘_ : E@l) Basic functions

m Iconin library | Block in the layout

Step ctapd Generates a step function
tep
Ramp Rercpl Generat_es a _constantly increasing or
[Foe decreasing signal
Sin Wave - . Generates a sine wave
ﬁ?* Birwe Wawe
Triangular Wave : it Generates a triangular wave
Triangular WAfase
SawTooth Wave D et Generates a saw tooth wave
= SawrTooth Wase
Rectangular Wave : et Generates a rectangular wave
Fectangula: Wawe
Stairs - Generates stair wave
B

Welcome to Innovation
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.~ The Elementary Missions
FF\' l Noise functions
L

White Noise Generates a white noise
@:’ Fhite Moise

Band Noise N White noise (W) filtered by a
@f” Band Norse > discrete first order filter

IW Noise Generates a simple summation

@; I Hois of white noises (W).

I2W Noise Generates a double summation

g o> of white noises (W).

Welcome to Innovation
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The Elementary Missions

The parameters of the Elementary Missions

excellence and passion in automatic control design

Any instance of any Elementary Mission has its

)]

B own parameters.
e > By central clicking on the instance you can view
i and modify the parameters.
Bl Block Setting: Data =013
ELOCK IMNFO FARAMETERS QUTPUTS
Mame=Sine ¥ave " . .
1d Mumber=3 famplitude H1.0000008+00 EL_DOUBLE s
Input number=0 . . wil
Sultput nutiher=1 Frequency[Hz] 71.0000008+00 I N':”“::
Farameters number=3
phase(delay)[rad] i0.000000e+00 i
& Block Setting: Data
K ! BLOCK INFO P&RAMETERS OUTPUTS
Mame=White Maise . . .
Id Mumber=24 range_min F5.000000e-01 EL_DOUBLE | awn1
Input number=0
gtgtt‘;“m;g”ggg ! frange_max ¥5.000000e-01
Parameters number=2

Cancel

Welcome to Innovation
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@ The Elementary Missions

T The scheduling

<

SLacttie: Scheduing The elementary missions
File  Wiew
N | P provide a signal given by
Activity | Activity
T e s = S | H
9 ey B o 9 one EICASLAB function
[&= ]
which is periodically
—
Current Simulation step: 1.000000e-04 Scheduled
.
Continuous Flant OWERALL PERICOD = 50 simulation steps
Liwe Function Execution flags Period  Duration  Phase lli 1|2 1.8 2|4 3:U 3:6 12 18 5|4 6|0 6|6 ?I2 ?Is 8|4 9|0 9|6
R R = R e Cl o e e
AD conver ters
Live Function Execution flags Period  Duration  Phase 6 1F 18 24 30 36 47 48 54 60 66 FX F8 84 80 96
| |Am |MJl | on i Na D
D convex ters
Liwve Function Execution flags Period  Duration  Phase |6 1|2 1|3 1;4 3;° 3;5 12 “Is 5|4 ﬁlo ﬁlﬁ 7;2 7;3 sl“ 9|° 9|5
| |11M |11*u | on s .| |i50 M&
Missions
Live Function Execution flags Period  Duration  Phuse 6 1F 1§ 24 30 36 47 48 54 60 66 FE T8 &4 80 96
| | Stegl | on woee..| |50 Ma W
| | | Rl | on FIST i Ne o
Ok 7 Cancel
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The Professmnal Software Suite
for Automatic Control Design
S =S and Forecasting

D ICASLAB Sulte o

’_)f?'f'ﬂv

EICASLLAB™ De 0 :

|
“ LinuxIRTAT ' Automatic

Code Generation AAG < “Algorithm
Generation®

-

/11/1()1'(171'0“
{

@for Linux [[.'ll/for Windows
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