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Preface

This document is the user manual of the EICASLLAB Demo RT-PC (real-time demo for single PC), indicated
in the following as “the demo”.

This manual contains specific information on the demo and a F.A.Q. section. The details about the full
version of BICASLAB , its features and functions are available apart in its main documentation (EICASLAB
User Manual) included also in the demo installation directory.

The application case and the models are the same ones of the other EICASLAB Demo about the rotating
table application case. Please refer to the rotating table technical note available online to get more information

about its model and control design considerations.

If you have more questions or need further assistance, you can contact the EICASLAB support team by email
supporf@eicaslab.cons.
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Overview

The EICASLAB Demo RT-PC was developed to allow the
user to test the real-time operative modes of EICASLAB, i.e.
Rapid Control Prototyping (RCP), Hardware-in-the-loop
(HIL) and Final Validation Test (FVT), without the need for
any hardware than a popular PC: both the plant to be
controlled and the final hardware controller are emulated by
software on your personal computer.

In this demo the user can move across all the operative
modes from Modelling and Like Real-time Simulation to
Final Validation Test, and run them with minimal effort
and without spending money neither for hardware nor for
software.

Key Features

The demo highlights the following key features of EICASLAB. For more information about them, please visit

the Key Feature pages on the EICASLAB website:
e one suite, one project for all design phases;
e real-time scheduling;
e automatic code generation;
e rapid control prototyping;
e slow motion;

e hardware-in-the-loop.

Operative modes and tools

The following table summatises the EICASLAB tools used in each operative mode and operative sub-mode in

the demo. More information are available on the website pages How can EICASI.AB help vou and Tools

overview.

Operative mode

Operative sub-mode

Tools

Modelling and Like
Real-time
Simulation

Rapid Control
Prototyping

RCP On Field

MASTER, SIMBUILDER, SIM,
POST

MASTER, SIMBUILDER, RCP
Manager, POST



http://www.eicaslab.com/Key-Features/Overview
http://www.eicaslab.com/The-Suite/How-can-EicasLab-help-you
http://www.eicaslab.com/The-Suite/EicasLab-Tools/Tools-Overview
http://www.eicaslab.com/The-Suite/EicasLab-Tools/Tools-Overview
http://www.eicaslab.com/The-Suite/EicasLab-Tools/Tools-Overview
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Slow Motion MASTER, SIMBUILDER, Slow
Motion, POST

Target Hardware-in-the-loop | MASTER, SIMBUILDER, HIL
Manager, POST

Final Validation Test | MASTER, SIMBUILDER,
TARGET Manager, POST

The last three sections of the user manual provide details on functions and settings specific of the demo,
which are a demonstrative subset of all the full EICASLAB software suite features.
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Requirements

The demo was designed to show the real-time features of the EICASLAB software suite on a simple (but
complete) application example. The following table summarises the requirements and some entries are
marked as part of the EICASLAB RCP Platform, i.e. a PC with a Linux Real Time Operative System
(RTOS) and EICASLAB software suite. More information about it are available in the full EICASLAB
user manual or on the website.

Type Requirement Part of the EicAsLAB RCP
Platform
HW PC Yes
SW RTOS Yes
EICASLAB suite Yes
EICASLAB projects No

However, in order to experience good real-time performance on a standard PC, the user has to check the
following hardware and software requirements and configure properly the execution environment as
suggested in this section.

Note

The real-time execution of the demo might have poor performance and provide a poor
experience because of not suitable hardware or software configuration of the PC.

In that case, we suggest to have a look at the F.A.Q. section of the document (section 5) or
have a look at the video webinar available on EICASLAB website to watch the standard
expected behaviour of the demo. If you have specific questions, send us a description of the

problem at the e-mail address support@eicaslab.com.

Requirements for the PC
The demo requires a laptop or desktop PC with the following minimum features.
Hardware

e Dual core CPU

e 2GBofRAM

e 1 GB of disk space



http://www.eicaslab.com/The-Suite/How-can-EicasLab-help-you#RCPOM
http://www.eicaslab.com/Media2/Demo-Use-Cases/Rotating-Table-Demo
mailto:support@eicaslab.com
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Software

e GNU/Linux operating system (tested on Fedora 22, but can be any desktop Linux distribution, see
the next paragraphs)

e PREEMPT_RT kernel configuration (recommended, see the next paragraphs)

e The software installer containing the three projects of the demo.

Operating system configuration

The correct execution of EICASLAB software suite on Linux operating system requires a set of libraries that
are usually pre-installed in most Linux distributions (Debian, Ubuntu, Red Hat, Fedora, etc.).

The demo requires a virtual loopback network interface “lo” it is enabled by default on most systems and the
user can check it with ifconfig command run in a terminal (i.e. konsole, gnome-terminal) or Network
Manager system tool.

GNU/Linux distribution

If a Linux operating system is not installed on the PC, there are some options to run the demo (please check
compatibility and warranty issues for the machine, before installing):

e install Linux on the disk drive in dual boot configuration with the operating system currently
installed;

e install Linux on a removable drive, if the system supports the boot from an external device.

Fully RT PREEMPT kernel configuration

Real-time execution means the scheduling of some programs and threads must be completed in deterministic
way, with limited latency and other timing requirements which are not compatible with the scheduling
settings of most general purpose systems.

This EICASLAB demo is designed to work in Linux environment, but since Linux is a general purpose
operating system, we recommend to install a RT PREEMPT Linux kernel to get better real-time execution
performance. For more details about the RT PREEMPT patch of the Linux kernel, please read the

rt.wiki.kernel.org website.

Some Linux distributions provide a set of pre-compiled ready-to-use Linux kernels to the users by means of
their software package repositories: using the right packages the users can get quickly and without effort a low
latency version of the kernel with real-time configuration. There is a set of alternative Linux kernel versions in
each distribution, some of them include real-time versions (usually they are labelled with -rt).

If the software packet manager is apt, you can use the following commands to check the availability of Linux
kernel versions.

apt-get update
apt-cache search linux-image

On the other hand, the general solution is to download the kernel source and the related rt-preempt patch
from www.kernel.org, and build the patched kernel as explained step-by-step by the how-to page.

7
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Installation

After checking the system requirements, the user must download and install the software, then the starting
point of the demo execution is running the MASTER tool of EICASLAB as described in the following

paragraphs.
Download

The download link for the demo installer is on the EICASLLAB website.

@ EicasLAs™ . s -

Demo

EICASLAB Demo RT-PC

Validate the rotating table control in real-time on your PC
EICASLAB Demo RT-PC

SICAS \Evl;g

—— = ot

©

W) the innovalioh

Moreover, in the page of the demo, the user can download all the documentation associated to the demo.

Install

To install the demo, first extract the demo installer archive and then run the Install executable'. The user has
to agree to the license terms and optionally edit the install settings as shown by the installer program windows
(installation directory and other preferences).

I In order to run the Install executable, open a terminal emulator in the EICASLAB installation folder containing the Install
executable and type ./Install followed by <Enter> key.
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ElCAS Automazione S.p.A.
All Rights Reserved

END USER LICENSE AGREEMENT (EULA)

NOTICE: EICAS Automazione S.p.A PROVIDES EICASLAB™ SOFTWARE TO YOU ONLY UPON THE CONDITION THAT
YOU ACCEPT ALL OF THE TERMS CONTAINED IN THIS LICENSE AGREEMENT. PLEASE READ THESE TERMS
CAREFULLY. IF YOU DO NOT AGREE TO THESE TERMS, THEN EICAS Automazione S.p.A IS UNWILLING TO
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LICENSE AND WARRANTY:

The software which accompanies this license is the property of EICAS Automazione S.p.A and is protected by
copyright law. While EICAS Automazione S.p.A continues to own the EICASLAB SOFTWARE _(hereinafter
referred to as "the SOFTWARE") , you will have certain rights to use EICASLAB SOFTWARE after your
acceptance of this license. Your rights and obligations with respect to the use of EICASLAB SOFTWARE are as
fallows:

Yo

u May:
Install and use one copy of the SOFTWARE on a single computer.

EICASLAB relies on few applications and liararies provided by third parties under their own licence agreement
The licence text related to such applications and libraries are available by clicking the "View" button.
View

By selecting "l accept’ you declare to agree with Terms and Conditions bath of EICASLAB licence and of all the

applications and libraries provided by third parties
L Accent]
Back. | Exit | ? Print Next

Run the MASTER tool

The entry point to work with EICASLAB software suite is its MASTER tool, which manages the whole
projects and the other tools of the suite: therefore the first step to run the demo is to launch it from the

desktop link or from the installation directory.

File. Control Design Phases  SIMBUILDER  5IM  POST ACG Seftings: DEMO

L o 5] ) ) Y ) ) B

Illlllll'
///IIIIII”HA‘:I'.'I‘
7%
HITER )
Tt

[come to innovation

Open the project
In the top menu of the MASTER tool window, select the menu DEMO and you can see the three projects

included in the demo:
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I POST  ACG Ssftings DEMO |

AAG Contral |

@ % Nl El ser Contral

Plant

e AAG Control, provides a control logic for the rotating table by Automatic Algorithm Generation. It
is recommended to start with this project to easily become familiar with EICASLAB demo.

e  User Control, allows the user to design his own control algorithm for the rotating table. We suggest
you to use it after a full experience with the AAG version, as explained in the dedicated chapter "The
user defined control".

e Plant, is a real-time emulator of the rotating table plant that is used by this demo instead of a real
plant during RCP and FVT trials.

To proceed, click on the AAG project item to open it and start to explore the demo.

Next sections help the user to cross step-by-step the whole sequence of the operative modes and the tools of
EICASLAB available within this demo. Going through the workflow, the user can try the main features of
EICASLAB, giving some insight to the full range of facilities provided by each of them.
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Modelling and Like Real-time Simulation

Modelling and Like Real-Time Simulation operative mode allows to design and test the control
algorithm and simulate the Rotating Table response to its commands.

The Modelling and Like Real-time Simulation operative mode enables the control designer to validate its
algorithms in such a simulated environment using the following tools of the software suite: SIMBUILDER,
SIM and POST.

The following diagram summarises the roles of each element of the scenario in this first operative mode. You
will find similar tables in each operative mode or sub-mode in the next chapters.

The local target and the rotating table emulator are not the real hardware devices, but they take the places of
the “external target controller” and “real plant” respectively, thus they are included in the HW row of the
table.

EicasLAB
RCP Platform

Rotating Table
emulator

‘ Local target

SW‘ run control ‘ ‘
logic

simulate
the plant

SIMBUILDER tool

By default, the starting operative mode of the demo is Modelling and Like Real-time Simulation. The
user can explore the layout double clicking on its elements.

Into the system layout of the demo there are examples of subsystems belonging to the three areas composing
a typical control system:

EICASLAB SIMBUILDER: AAG Control - System Layout

File Eefit Plot Corfiguration Global data  Scheduling MPVCPO  ACG  Layout Yiew ds\p|

T T e < Swasvvse @

=

3 DAL |2

. dis
Disturbance
112

1PE
FE
=+ | Performance
b2

5[e

s
’ﬂ Trajectory Generator | .
s

E 7 =

E 1

[
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e the Rotating Table green block (Plant Area) is the fine model of the plant to be controlled in this
demonstrative case

e the P1 AAG blue block (Control Area) is the control processor, containing the control algorithms
under development

e the Trajectory Generator, Disturbance and Performance yellow blocks (Mission Area) are designated
respectively for computing desired trajectory, modelling disturbances acting on the plant and
computing performance evaluation;

e Analog-to-Digital (AD) and Digital-to-Analog (DA) grey interface blocks model the conversion from
continuous signals to digital signals and vice versa. The plant works on continuous signals while the
control manages digital signals.

The system layout is a hierarchical graphical representation: the Rotating Table plant block is described using
several interconnected elements from the SIMBUILDER graphical block library.

EICASLAB SIMBUILDER - Continuous Plant Layout

File Edit Plot Global data  Scheduling  Layoul  View Help
M@Eﬂﬁﬂ Sumuioem | €.
ER—
comPL coraPL
ERCTIT) a1 a1 m bl =0 m x1
a (1) 1
e ar ; 7 -

= (f13, e 110,

T 4T Aelta0rn g
i T2t | BacklashHysteresis || ‘wutar tataldet

LN ]

. ”l\ ¥l ¥l @ @ [T | = A EE wIPL
m ™ AL L2 | | o0 4
| outorab Friction [+

Each element of the graphical library has a set of parameters whose meaning is explained in the full
EICASLAB user manual. In the demo it is possible to open the parameter window of each block.

File Edit Plot Global data Scheduling Layout View Help

M@@Eﬂﬂﬂ Swsuioer. ©.

BLOCK INFO PARAMETERS OUTPUTS

i
step £ ma{f " 1"5”9“'5' Wave EL_DOUBLE Benplinute 0.000000+00 EL_DOUBLE s
input number=0

Outnut number=1 EL_DOUELE periodis] 150000002400
Stale number=0 - -

Sun Parameters nutber=3

FL_DOUELE phase(delapi{ad] 1.5000008+00

Disturbance! ok B
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The main parameters of activity scheduling for Like Real-time Simulation are collected in the Scheduling
window, where the user is able to describe the timings of the complete system in terms of phases, periods

and durations in order to emulate the real world.

[ w B
i sy |
6'1 L Iil./ T Welcome to Inn

@ OVERALL PERIOD = 1 simulation step Current simulation stap: 1.0000008-03
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(-] i =

In the DEMO version these data cannot be modified

—IO . 4? ‘

SIM tool

The SIM tool is available in Modelling and Like Real-time Simulation operative mode. Its purpose is to
validate the control described in the SIMBUILDER layout in a simulated environment.

Before running the SIM tool you have first compile the project by means of the compile step
(SIMBUILDER menu SIM > Compile), therefore the simulation trials are managed by the SIM tool
(SIMBUILDER menu SIM > Run SIM).

File  Control Design Fhases  SIMEUILDER SI_MlEOST ACG  Settings  DERID

e e

Froject "“Warnings

i

Regenerate hakefile
Sik compiling options
Rurn Sik

Dehbug Sik
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EICASLAB SIM: AAG_control.elp - Tracking

File  SIM Settings  Modify Parameters  Copy  Output  DEWO Help
Simulation IN PAUSE Time [s] 26.47 S"A @

comCO_d uol  wcel
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@la] m [Fm]
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L[]

i}

st ore et P !
Time Scale

The SIM tool graphical user interface main section includes a set of time diagrams of quantities of interest,

whereas its main controls are the Start and the Stop buttons in the left bottom corner. In the right bottom

corner there are two useful log buttons (standard output and standard error), with the error counter.

That graphical user interface configuration is common to SIM, RCP Manager, Slow Motion, HIL. Manager
and TARGET Manager in order to simplify the user experience even if the background execution is different
from a tool to the other.

To execute a simulation trial and control the rotating table plant model, simply press the Start button in
the SIM window. Some plots are displayed in real-time in the six graphical areas as example, the
quantities are listed in the following table.

In the SIM trial of the demo, some time diagrams representing preselected variables of interest are shown.
The meaning of such variables is reported in the following table.

Plot area Color Name Description
1 Black comCO_d Overall command (A)
(Command and its Red uo( Open loop command (A)
contributes) Blue ucc( Closed loop command (A)
2 black thdCO_d Desired angular position (rad)
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(Desired and measured | Red th1PL Motor angular position (rad)’
positions) Blue th2PL Load angular position (rad)
3 Black el First error component (err)
(Control error) Red e2 Second error component (err)
4 Black Td Disturbance torque (Nm)
5 Black elasticdef Elastic deformation (rad)
6 Black | Transmitted_torque Transmitted torque (Nm)

POST tool

The POST is the tool to support data analysis for post-processing and it is launched by the MASTER main
menu. All the trials recorded by the SIM and the other tools are in POST format, as described by the full
EICASLAB user manual, so that the user could analyse and post-process them to keep on the control

development.

The demo is set to record on disk a set of variables belonging to the following blocks:
e Rotating Table,
e Trajectory Generator,
e Disturbance,
e EICAS control,

o Inl’

For each of these blocks there is a pre-defined selection of variables for POST recording4 described in

the following tables:

Rotating Table
Variable Unit Description
Time S Time

2 The motor angular position is reported on the load axis using the gear ratio.
3 1t is a Target Input block available only in the FVT operative mode.
* For all the demo projects except the User Control project.

15
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comPL A Command
Td N*m Perturbing torque
thlPL Rad Motor angular position; it is reported
after the mechanical gear
th2PL Rad Rotating table angular position
x0 rad/s State related to motor angular rate
x1 Rad State related to motor angular position
x2 Rad/s State related to rotating table angular
rate
x3 Rad State related to rotating table angular
position
Transmitted Torgue|N*m Transmitted torque to the rotating table
totaldef Rad Total elastic deformation of the
mechanical gear: difference between the
motor angular position (reported after
the mechanical gear) and the rotating
table angular position
elasticder Rad Effective elastic deformation of the
mechanical gear
Trajectory Generator
Variable Unit Description
time S Time
thdTG Rad Desired angular position
Se Rad Commanded position sequence
Performance
Variable Unit Description
time S Time
thlPE Rad Motor angular position; it is reported after

16
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mechanical gear
th2PE Rad Rotating table angular position
thdPE Rad Desired angular position
el Rad Error between desired and measured motor
angular position; it is reported after the
mechanical gear
ez Rad error between desired and measured rotating
table angular position
EICAS Control
Variable Unit Description
time S Time
thico d |- Motor angular position; it is reported after
mechanical gear
thdco d |- Desired angular position
comCO d |- Total command
uol A Open loop command
uccO A Closed loop command
Inl
Variable Unit Description
coml A Total command
Note

You are free to change the pre-defined variable selection for POST recording selecting
other variables as described in the full EICASLLAB user manual.

Opening the POST tool its Processing Window (described in the full EICASLLAB user manual) gets
opened, listing all the recorded variables subdivided in columns depending on the block to which they

17
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belong,.

[e=lf (@l (&) (=] o] () ) Lo 02 ol

You can then select any variable indicating in which of the 6 available areas plotting it. Then pressing
on the Start Plot button the Plotting window (described in the full EICASLAB user manual) gets opened
representing all the graphs.

R

' [ale[o[nx

x|
=
[l
S|
@)

* wlelom[x °

Recorded variable configurations

A pre-defined graph configuration is available: from the POST menu select File > Load configuration, click
on “Performance.save” and press the Load button.

18
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EICASLAE POST: Processing
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totaldef Filter

elasticdef

YDEMOPIa)/AAG_control elp/OutFiles/” save

Directories Files

prOUtFiles,
prOUFiles/Peracy
piOUlFilesiSlow

j/AAG_control elp/OutFiles/Performance.save] ST LG

Load Filter Cancel Help

After loading the configuration you can press on the Start Plot button for opening the Plotting

window where all the graphs, representing a set of the available variables, are configured according to
the selected configuration.

Note

Each operative mode has its variable configuration (always stored in a file Performance.save).
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Rapid Control Prototyping

The Rapid Control Prototyping (RCP) operative mode of EICASLAB supports the control development in
the mid-way step of porting the control algorithms from simulation environment to the real plant to be
controlled. The EICASLAB RCP Platform” is the ideal instrument to analyse, tune and debug the control logic
executing in real world before using the final target to run the control program.

Rapid Control Prototyping scenario

Control
algorithms

measures

1/0
Interfaces

commands
)

LinuxRT- - -

Preempt

EICASLAB
RCP Platform

Real plant

The demo allows you to expetience the two operative sub-modes of the RCP operative mode and their
specific tools, i.e. the RCP Manager for the RPC On Field sub-mode and the Slow Motion tool for the Slow
Motion sub-mode, as explained in the next two paragraphs. The following diagrams show the roles of the
elements of the demo in RCP On Field and Slow Motion, respectively.

EicasLAB Rotating Table
HW
RCP Platform Local target emulator
sSW run control simulated by
logic second project
EicasLaB Rotating Table
HW g9
RCP Platform Local target emulator
SW run control
logic

simulated plant

from recorded data

5 The EICASLAB RCP Platform is a standard PC with Linux RTOS (RT PREEMPT or RTAI), EICASLAB software suite and
suitable hardware interfaces. That configuration allows to save cost and efforts by covering all the design phases on a single
standard PC. Read more on the EICASLAB website.
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RCP On Field sub-mode

Close the SIM tool and switch EICASLAB to RCP On Field sub-mode using the Control Design Phases >
Operative Mode Selection item of the menu bar.

2 Control Design Phases selection

Select the current Control Design Phase:

Modelling & Like Real-time Simulation G

Rapid Control Prptp_t:LIJimJ—_‘;_@‘
Slow Motion
Sit RCP

Target @g

ok | | cancel |

The SIMBUILDER will load the system layout of the RCP On Field configuration and the user can explore
it and its parameters with the SIMBUILDER tool as done in Modelling and Like Real-time Simulation
operative mode.

# EICASLAB SIMBUILDER: /TRONCEAL/luca/demo/EICASLAB/EICASLA....0/DEMOPT control.elp - EICASLAB RCP Platform Layout A 0
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The demo shows the typical RCP On Field system layout in the SIMBUILDER: the Plant Area and Mission
Area are disabled, since the control algorithms should be validated on the real plant connected to the
E1cASLAB RCP Platform by suitable interfaces.
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In RCP On Field, internal layout of the Processor has real-time interfaces for real networking: the software
managing the interface is automatically generated by EICASLAB to reduce the development work load, on the
basis of a set of parameters (e.g. the IP address, port and timeout for the network interface).

OUt1P1 Interface

Interface type: Ethernet

Acknowledge

User packing

Device ethd EICASLAB SIMBUILDER - P1 AAG

Flle Edit Plot Giobal data Scheduling Layout View Help

=B e < Snasuee S

Protocol (e

Local IP: Part fier il jul i {1000

Remote IP: Port | 5z7 0 B Bl ‘3999

Subnet Mask s D i o EICAS_Control

cirs7 wucaaa)

Timeout on connection | A ms

In the DEMO version these data cannat be modifle

[e= |
: -

Note

The communication between the plant and the control real-time applications passes through
the loopback network interface “lo” which by default has IP address 127.0.0.1 and netmask
255.0.0.0 values. To check or edit the configuration, Network Manager or ifconfig tools could
be used.

RCP Manager tool

The RCP Manager tool controls the execution of RCP On Field trials. To run the real-time trial, first
compile the real-time application from RCP Manager > Compile (or the tool bar Compile button) and
run the RCP Manager tool® from RCP Manager > Run RCP Manager or the Run button of tool bar, in
a similar way as done in Modelling and Like Real-time Simulation operative mode to run the SIM tool.

¢ In order to access real-time capabilities the RCP Manager tool must be run as superuser. The EICASLAB installation
procedure creates two links on the user desktop: the first one allows you to run EICASLAB as user while the other one
allows you to run EICASLAB as superuser. In the latter case you will be asked to type the superuser password. Another way
to run EICASLAB as superuser is to open a terminal, log in as superuser and run EICASLAB.
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Note

Even if the GUI looks like the one of the SIM, they are completely different behind the scenes:
the RCP Manager tool is a real-time program with a multi-core and multi-thread scheduling
configured by the user in SIMBUILDER and with automatic code generation for managing the
interfaces with the real plant staying in the real world outside the EICASLAB RCP Platform.

In the specific case of this demo, the control project is designed to show the EICASLAB features without the
need to purchase any hardware, therefore the “real” plant is emulated by a second project included in the
demo (Plant) to be executed in a second separated instance of EICASLAB program as described in the
following “Plant real-time emulation for the demo in RCP” paragraph.

Plant real-time emulation for the demo in RCP

This demo 1s designed to avoid the need for real rotating table connected to the EICASLAB RCP Platform, so
the user has to launch the rotating table emulator available in the EICASLAB demo suite with the following
steps:

1. launch as superuser another instance of the MASTER tool in the same way as you have already done
for the first one in “Run the MASTER tool” paragraph;

2. open the Plant project from the DEMO menu;
3. compile and run the RCP Manager.
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. Linux PC
real-time
Main pro;ect in RCP communication Plant emulator in RCP
FET FETT on local ST FEETT: i
interface
commands _
k BleasLag® Derno #1 measures Bleasbag® Do #2 /

Note

When the two EICASLAB instances with their two RCP Manager tools instances are opened

>
respectively for the real-time control and the real-time plant emulator, first start the control and
then start the plant to have the best inter-process synchronization

The graphical plot areas of the RCP Manager GUI will show a set of significant signals representing the trial
going on (desired position, measures, simplified model state and command)

Note

If no graph or constant zero plots are displayed, please take a look at the F.A.Q. section at the
end of the document for quick troubleshooting.

Among the features of the RCP Manager GUI which are not present in the SIM GUI, please note the

HTML Timing Report (light blue button in the bottom right corner of the GUI) which generates
automatically a document with data for real-time analysis of the trial
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EICASLAB RCP report

Trial_time_report.html
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EICASLAB Rapid Control Prototyping Timing report
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Date: Fri May 13 16:47:28 2016

Trial Duration: 2.915179¢+01 [s]

Tick Period: 0.000001 [ms]

Threads Properties

[Expec. Period| Recorded

‘ D ‘ Thr Name e fecarded | b Core | Priority | SynclAsync
2 | Tha [r.o00000e-06 | 26743 | 15 [ os | Asyne |
controlinpuvOutput Properties
ame e 10 | EXPEC. Duration Phase Typecod

[ms]
Procin2PL_in2P1 2 0.000000¢+00 | 0.0000006+00 n0 ok
ProcinIPL_in1PL 2 0.000000¢+00 | 1.0000006+00 InL oK
CIP1_EICAS Control | 2 3.0000006+00 | 5.0000006+00 cuz oK
ProcOutlPL_OutlPL | 2 0.000000¢+00 | 9.000000e+00 outs ok

Maximum Timing Chart
Nommalizing Factor inf [px/s]

3z_[p-ooms o]

Average Timing Chart
Normalizing Factor inf [px/s]

ez [p-ooms [ojeEpa]

Colors legent!
p Thread period

Duration ok.
= Effective maximum duration of the function is greater than the expected duration

The starting time (phase) is not respected hecause the previous function exceeds its time.
= The duration is too small for being appreciated by the current time resolution (Tick)
I This bar represent the final time of the period

Summarizing Time Chart

Tick Used: 0.000001 [ms]

Name

Expec. Duration

Max Duration
ms]

Average Duration

Min Duration
[ms]

Procin2P1_In2P1 - Ind

0.000000e+00

4.098143e+02

9.935082¢-01

8.9462108-01

Procin1P1_IniP1 - Inl

0.000000e+00

2.286200¢-02

6.220274¢-03

L1.710000&-03

CIP1_EICAS_Control -
ctr2

3.000000e+00

1.660400¢-02

1.987820¢-03

8.8300008-04.

ProcOUtIP1_OUtlP1 -
out3

0.000000e+00

3.105000e-02

1.0964268-02

7.453000e-03

Note
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The timing report and the error output could be used to identify real-time execution problems
with respect to the 1 millisecond period of control algorithms.

Please see the F.A.Q. section of this user manual to solve common issues.

Slow Motion sub-mode

The Slow Motion sub-mode allows to replay offline the execution of the algorithms under development,
giving them as input the recorded data from previous RCP On Field trials. The Slow Motion is extremely
useful to analyse, tune and debug the control algorithms reducing the experimental testing time on field, and

consequently the development time.

p

Main projectin
Slow Motion

- offfine analysis, tuning

measures

Linux P(ﬁ
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After your RCP On Field trials, close the RCP Manager tool and switch to Slow Motion operative sub-mode
from the Operative Mode Selection window.

Entering and exiting the Slow Motion operative mode, EICASLAB will ask to select an option about the
configuration to be used and if to save modifications to the parameters. In order to use the demo, it is
enough to go ahead with the default options and press the “Ok” button. To understand more about that
point, please read the “Slow Motion” chapter of the full EICASLAB user manual.

For performing the Slow kotion you can start from

the Dump archive,

the last Slow Motion saved configuration.

You are leaving the acguisition:
froot/EICASLAB_20160511/ctrl_rottab_pc.elp/RCPOUT/AC ]

do you want to save the modifications performed in this acquisition?
Mo
Yes, change them in the Dump archive only
Yes, merge changes in the current project only

%es, change them in the Dump archive and merge changes in the current project

ok ¥ Cancel

In the MASTER tool, the Slow Motion > Acquisition selection menu item lets you choose the on field
recording to be replayed by the Slow Motion tool. By default the Slow Motion tool repeats the last recorded
RCP trial executed in RCP on field operative sub-mode.

Slow Motion tool

The Slow Motion tool is the EicasLab tool which allows to replay the trials recorded previously during
RCP on field activities. To proceed, compile and run the Slow Motion tool.
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The Slow Motion will replay the selected recording and display the time diagrams of some significant signals.

26



EicAsLAB Demo RT-PC User manual

Target operative mode

The Target operative mode is the final step of the control design workflow in EICASLAB: its scope is to
export and validate the control algorithms to the external hardware from the EICASLAB development
platform.

.
-
;

EICAS Control

aots)

Plant

measures

This demo shows all the main features connected to the Target operative mode: Automatic Code Generation
for target, Hardware-in-the-loop and Final Validation Test. The following diagrams show respectively the
roles of the element of the scenario in the two operative sub-modes respectively.

EicasLAB Rotating Table
HW
RCP Platform Local target emulator
SW runs control
logic
EicasLAB Rotating Table
HW g
RCP Platform Local target emulator
sSW monitoring runs control simulated by
supervisor logic second project

To start to operate in Target operative mode, open the Operative mode selection window from the
MASTER tool and switch to Target operative mode by selecting the Hardware-in-the-loop operative sub-
mode.

Automatic Code Generation for target
The Automatic Code Generation for target is a key feature of EICASLAB which automatically:

e generates the source code in ANSI-C language for the Application Software (AS) to be executed by
the external target, i.e. the control algorithms tested in Modelling and Like Real-time Simulation and
Rapid Control Prototyping operative modes;

e generates the source code in ANSI-C language for the Basic Software (BS) needed to run the AS on
the external target hardware architecture, i.e. the code for the I/O interfaces, the scheduling routines,
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the system configuration;

e transfers the source code to the external hardware if it will be compiled on the target or cross-
compiles it in the EICASLAB environment and then transfers directly the executable binary to it.

Even if the target of this demo is a local real-time independent process, we use the EICASLAB Automatic
Code Generation support to export the control algorithms and build the program.

K Linux Pc\
[ \ =

Main project p
I PECESE El AS+BS ACG | Application and Basic Software
= ek == " | Source code, parameters, Makefile
=F - Compile
= = -l-----—--—---*
r
= Standalone real-time application
K\ HreasDag™ Deaerie) / It_exe binary executable
2 s \

The effort of all the operations listed above is moved from the control designer to the ACG feature of the
EICASLAB software suite, so that the overall porting time is shortened and the user could directly develop
and test the controls on it, even if he has only a limited knowledge of internal hardware details of target.

After changing to Hardware-in-the-loop operative mode, in the system layout represented in the
SIMBUILDER you can see the processor block P1 is “assigned” to the “localLinux1” target, as written in its
label: that means that the routines and threads it includes are no more executed by the EICASLAB RCP
Platform, as done previously during the RCP operations, because in Target operative mode the code has to

be generated, exported and executed outside EICASLAB.

- EICASLAB SIMBUILDER: /TRONCEAL/luca/dema/EICASLAB/EICASLAB_DEMO_RT_PC1.0/DEMOProj/AAG_control.elp - EICASLAB RCP Platform Layout
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The label of the graphical block contains other information such as the Processor block identifier and the

number of cores available in the processing unit of the target.
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Note

In the demo, the Target is of “local generic Linux” type and the number of cores is 2. Do not
mind if your PC has a different number of cores, because this demo uses only one of them.

Code generation and exportation

To generate the real-time control program open the Global Data window of SIMBUILDER tool (main

menu > Global data > Open global data), move to the Physical View folder and select the target associated
to the board.

)
&

File
Filter selection
Select Add  +
Grep Apply Reset
Wigw Browsse project Functional Physical Alphabetic
# ACG for TARGET (Ap...+ Basic Software) e Current selection
Export of the selected target: HIEE R | Ol
This target has never been exported
Target settings
d
Expart 7 Gt

Press the ACG AS+BS button and select the “locallinux1” item, then click on the Export button and type
the export directory path. After a while, a dialog will notify the ACG is completed.

After that, press the Compile button and the source code will be compiled to a real-time binary application
called /#_exe in the export directory.

Note

The ACG procedure above must be done both in HIL and in FVT operative modes, because

the two tests require two different real-time applications with different behaviours, as explained
in the “Final Validation Test sub-mode” paragraph.
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f Main project \ Linux PC \\

— ACG, compile Application for HIL trials
= HIL mode a first It_exe binary executable
ACG, compile
O FVT mode Application for FVT trials
an other It_exe binary executable )

KEEMMMHMW,/

Hardware-in-the-loop sub-mode

The Hardware-in-the-loop (HIL) is a validation test consisting in the execution of the control algorithms by
the target, which is connected to a simulated plant instead of the real one. The HIL test is often performed to
validate the real-time behaviour of the hardware target without jeopardize the real plant.

Hardware-in-the-loop scenario

Snmlula:ed Control
an i
Y algorithms
5 '\|.
g measures ]
0 DEEEE> o ¢
‘_E .commands ‘_%
: al FEEE3
Linux RT-
Preempt
EICASLAB Target

RCP Platform

For that reason, the EICASLAB software suite includes the HIL operative sub-mode of the Target operative
mode. In HIL, the Plant Area and the Mission Area are enabled and the plant simulation is then run by the
HIL Manager tool (all blocks run on thread 1 in the demo, see figure below), whereas the control program is
exported on the external hardware by ACG feature.

* EICASLAB SIMBUILDER: [TRONCEAL/luca/demo/EICASLAB/EICASLAB_DEMO_RT_PC1.0/DEMOProj/AAG_control.elp - EICASLAB RCP Platform Layout
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HIL Manager tool

The HIL Manager GUI controls the real-time plant simulator for HIL and gives the user a set of time
diagram areas to follow the status of the test. In order to proceed with the HIL trial, compile and run the
HIL Manager tool” from button bar or top menu in the MASTER tool window.

File  HIL Manager Setings Moy Parameters  Copy  Output Help

Time (5] 0 HIL ManacEr

WAITING FOR START COMMAND

Coneend Contl_shaerve st

thdCo elasticder

Messued positions Conteal_obssrens_of_obsexves_statel0]

Transmitted_Tarcue

sexves_of_gbsexve_sta{1]

Les e[ [=]]O]

Execution of the control program on the target

Before starting the HIL trial, you must export the control program as already described in paragraph
“Automatic Code Generation for target” and then launch it from the command line.

f Main projectin HIL \ Linux PC \

— ; ACG, compile
P D EET = e e I
& I measures Application for HIL test
=¥ ’ P - It_exe binary executable
—_ = commands
— real-time
- - communication
& EicasLag™ Dero / on local interface /

Open a terminal emulator and login as root, then change directory to the exportation folder and run the /_exe

real-time application. The following lines are an example, you must edit them to suit different path or prefix
sudo if your user is in the sudoer list (Debian, Ubuntu distributions):

user@linux-pc$ su - root

root@linux-pc# cd /my/export/path/to/ACG

root@linux-pc# ./lt exe

7 In order to access real-time capabilities the HIL. Manager tool must be run as superuser. The EICASLAB installation
procedure creates two links on the user desktop: the first one allows you to run EICASLAB as user while the other one
allows you to run EICASLAB as superuser. In the latter case you will be asked to type the superuser password. Another way
to run EICASLAB as superuser is to open a terminal, log in as superuser and run EICASLAB.
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While the independent control application is running, come back to EICASLAB and press the start button of
the HIL Manager GUI to launch the trial. After that, the plot areas show in real time a set of significant
signals.

Note

Please run first the control application and, after that, start the HIL. Manager. Such an order of
launch provides correct synchronization of the two real-time programs.

When the first is already running and the second is not started yet, the standard output will print
a periodical reception timeout because its counterpart is not transmitting data yet. Do not care
about it unless the two programs are actually both running and the timeout is still notified.

To terminate the HIL test, simply close the HIL. Manager from its GUI on the PC and stop the remote
target application pressing CTRL+C on the command line where you started the control application.

As well as for the RCP Manager, the automatic generation of a timing performance report in HTML is
available and a set of variables is recorded to be post-analysed by means of the POST tool in the same way as
the other operative modes.

Final Validation Test sub-mode

The last step of the control validation is the execution on the final target connected to the real plant: in that
configuration the PC has a role of monitor, data recorder and high-level supervisor. EICASLAB supports such
a Final Validation Test (FV'T) with its namesake operative sub-mode.

Please note that the typical FVT setup includes a minimum of three sub-systems, as graphically represented
in the following picture.

Final Validation Test scenario

High leveland
g mission

J commands,
N parameters
J
EICASLAB : o
RCP e ‘
Platform Data
monitoring
& recording

In the MASTER tool, switch to the FVT sub-mode of the Target operative mode from the Operative Mode
Selection window. Again, it is possible to explore the SIMBUILDER layout and settings for FVT.
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The FVT system layout has the plant disabled because the FVT setup expects that in this operative sub-mode
the real plant is connected to the hardware target.

On the other hand, the demo is designed to avoid the need for a real plant and an external target, so the user
must use again the second instance of EICASLAB to launch the software plant emulator, as done previously
in the RCP On Field step of the demo, and run the independent control process as done in the HIL step.

// Main project in FVT \ LinuxPC \

..ACG, compile
CFEFFFEELE] Application for FVT test
€« ;
: 8 Goentng It_exe binary executable
: ] (in run time) - commands
measures
= real-time -
N s e Plant emulator in RCP

\\:,Jf“r\.,_.r-\"“ Demo #1 / on local interface BlcasLas™ Demo #2 /

The system layout includes an extra interface block “In1”, which adds the monitoring function typical of the
FVT phase: since during FVT the role of EICASLAB is external to the control loop, the "In1" interface listens
to the remote control program for data packets containing the set of variables of interest to be recorded on
disk and optionally plotted in the GUI of the TARGET Manager tool.

From the external target point of view, the processor layout (to be exported on the embedded target) has an
extra interface matching the "In1" monitoring interfacing: the output interface “Out2P1” transmits the
variables to be monitored, as shown in following figure. The "Out2P1" interface is executed on the thread n.
2, which has a longer period than the closed-loop thread because it is not so critical as the closed loop
activities.
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TARGET Manager tool

The TARGET Manager tool controls the FVT providing a user interface similar to the RCP Manager and
HIL Manager ones. In order to proceed with the FVT trial, compile and run the TARGET Manager tool®
from button bar or top menu in the MASTER tool window.

File TARGET Manager Seftings  Modify Parameters  Copy  Output Help

WAITING FOR START COMMAND Time [5] 0 TARGET MAnAGER
coml
Comnmmand. suaphed
geaphl graphs
Zraph’ Zraphti

Before pressing Start and run the FVT trial, read the following paragraph about the execution of the

three elements of the FVT scenario.

8 In order to access real-time capabilities the TARGET Manager tool must be run as superuser. The EICASLAB installation
procedure creates two links on the user desktop: the first one allows you to run EICASLAB as user while the other one
allows you to run EICASLAB as superuser. In the latter case you will be asked to type the superuser password. Another way
to run EICASLAB as superuser is to open a terminal, log in as superuser and run EICASLAB.

34




EicAsLAB Demo RT-PC User manual

Plant real-time emulation and target ACG in FVT
Summarizing, the FVT scenario of the demo requires three real-time processing:

e the real-time control program running as independent process, created and exported by ACG
feature;

e the TARGET Manager in EICASLAB , which monitors the interaction of the control with the plant;

e the plant emulator project, running as TARGET Manager of the second instance of EICASLAB in
FVT operative sub-mode.

Please note that the FVT requires to generate a suitable control program to be exported to the embedded
target, different from the one of the HIL, because during the FVT trial the embedded system has to send
monitoring data to the EICASLLAB TARGET Manager. To do the ACG for FVT, follow the same procedure
done previously for the ACG for the HIL step using the Global Data window (“Code generation and
exportation” and “Execution of the control program on the target” paragraphs).

f Main project \ Linux PC \

Application for HIL trials

== == ACG, compile
= HIL mode == afirst It_exe binary executable

ACG, compile
o FVT mode ®  Application for FVT trials

& BieasLag™ Deino /

an other It_exe binary executable

Note

In order to synchronize correctly the interaction of the three real-time processes, pay attention
to start them in the following order:

1) the external target executable /_exe
2) the TARGET Manager of the ctrl XXX main project (ctrl_XXX.elp)

3) the TARGET Manager of the plant emulator project (plant_XXX.elp)

When the /_exe is already running and the plant emulator is not started yet, the standard output
will signal a periodical reception timeout because its counterpart is not transmitting data yet. Do
not care about it unless the two programs are currently running and the timeout is still notified.

N.B. : All the three real-time applications mentioned above must be run as superuser.

As in the other trials, a set of plots gives the idea of what is taking place within the rotating table model
during FVT. To terminate this last test, press CTRL+C for the external target executable and press Stop in
the GUI of the two instances of the TARGET Manager.

Congratulations! With this step the tour across the operative modes of the demo is completed.
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The user defined control

The demo allows you to design and test your custom control algorithm instead of the one generated
automatically by the EICASLAB AAG feature: close the AAG Control project using the MASTER menu
File > Quit project and open the User Control one from the MASTER DEMO menu.

EICASLAB MASTER

Sk POST  ACG  Seftings gEMO'
AAG Cantral

ﬂ gl % Nl El ser Control

The User Control project has the same System and Processor layout as the AAG Control, but the
Control block is an empty graphical control block. The th1CO, thdCO and comCO are respectively the
digital measure (in rad), analog reference (in rad) and digital command (in ampere) for the plant.

EICASLAB SIMBUILDER - Controll_P1 Layout

File Edit Plot Global data Scheduling Layout View ﬂelpl
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In graphical programming mode, which is the default, you Controll_P1 Library
can use the blocks from the EICASLAB control library to ~ Lraw Macra Orerby

program your algorithm. For example you can use a PID e

block or blocks from the Math and Non Linear sub-libraties.

hdath

Man Linear

Otherwise you can switch to the C language programming
mode with right click on the Control block to access Control
menu > Programming mode options.
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Once you have connected inputs and output of the control
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with your algorithm, you can repeat all the steps of
simulation and validation across the operative modes of
EICASLAB that are described in the previous sections of this
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document.

Once you have connected inputs and output of the control S
with your algorithm, you can repeat all the steps of
simulation and validation across the operative modes of
EICASLAB that are described in the previous sections of this

document.

Note

For more information on the control design and the programming modes in
SIMBUILDER, please refer to the EICASLAB DEMO documentation and the full
EICASLAB user manual.

To compare the overall performances of execution of the AAG and User projects, you can use the
performance values available from menu DEMO > Performances of the SIM, RCP Manager, Slow
Motion, HIL. Manager and TARGET Manager tools. The following table summarises the values for the
Modelling and Like Real-time simulation of AAG Project on 60 s trial (PE stands for “Positioning
Error” and m.s. means “mean squared”).

Configuration mean PE (PEm) mean squared PE (PEt)

Point to point -0.00234 mrad 0.0345 mrad

Configuration | mean E (Em) | m.s. E tot (Et) m.s. E low freq (EIf) m.s. E high freq (Ehf)

Tracking 0.0621 mrad 0.959 mrad 0.878 mrad 0.386 mrad
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Frequently Asked Questions

All the following common questions refer specifically to the demo and not on general EICASLLAB usage or
other of its demos. If none of the next ones answers to your question, please contact us writing to
support@eicaslab.com e-mail address.

I cannot find the /f exe file after the ACG for localLinux1
target. Where is it?

It is created after the compiling operation. So, first of all be sure of having press the Compile button in the
Physical View of the Global Data for the localLinux1 target.

Once the compilation is successfull, open the project directory using the menu ACG > Browse project from
the SIMBUILDER top menu and then move to the ACG subdirectory selected in the Compile intermediate
step.

Please note that the ACG > Browse project item will be disable when the HIL or TARGET Manager is
currently running,

Why | cannot run the RCP/HIL/TARGET Manager?

The real-time execution tools requires EICASLLAB to be run with administrator permissions in order to
access the highest priority scheduling policy, so please run EICASLAB and the target executable from ACG
as administrator user (e.g. as root or with sudo in the command line).

Why | read an increasing number of errors and constant
curves in the GUI?

a || [w] [=1[0] -

The errors are taking place because the input interfaces do not receive the expected input packets, therefore

/]

the variables are not updated and remains to their initial value.

The most common cause is that the other real-time application of the current demo scenatio is not running
yet: for example the plant emulator in the RCP On Field phase of the demo.

Please check if the other real-time applications are running as described in the Quick Tour and the Operative
Modes of this user manual.
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Create your control algorithm and try it now!

Enjoy your work with EICASLAB DEMO!
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EICAS Automazione S.p.A.
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