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Preface

This document is the user manual ottlelad_AB Demo RFPC(realtime demdor single P§; indicated
in the followingasathe dema.

This manual contains specific im@ation on the demo and a F.A.Q. secilitre details@boutthe full
version ofEICASLAB , its features and functions are available apart in its main documEntatbng
User Manual) includaésoin the demo installatialirectory.

The application case and the models are theosastd the other EicaASLAB Demo aboutthe rotating
tableapplication casPlease refer to the rotating table technicavaitable online get more infanation
about its model ar@bntroldesign considerations.

If you have more questions or need further assistanceEymsican soppact tkam by email
support@eicaslab.com
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Overview

The EICASLAB Demo RPC was developed to allow

user to test the ret@he operative modes of EICASLAB,
Rapid Control Prototyping (RCP), Hardwataeloop
(HIL) and Final Validation Test (FVT), without the neec
any hardware than a popular PC: both the plant -
controlled and the final hardware controller are emula

software on your persal computer.

In this demo the user can move across all the ope
modes from Modelling and Like Re&ale Simulation t
Final Validation Test, and run them with minimal e
and without spending money neither for hardware nc

software.

Key Featur es

The demo highlights the following key featurEsoefsAB. For more informabn about them, please visit
theKey Feature pages theEICASLAB website

1
1
il
il
il

T

one suite, one project for all deplyases
readtime scheduling

automatic code generation

rapid control prototyping

slow motion

hardwaran-theloop.

Operative modes and tools

The following table summas#iee EICA9_AB tools used in each operative mode and operatim@osiatin
the demo.More information are available on the website plgesanEicad AB help youand Tools
overview

Operative mode | Operative submode

Tools

Modelling and Likg -
Realtime
Simulation

Rapid Control RCP On Field
Prototyping

MASTER, SIMBUILDER, SINV
POST

MASTER, SIMBUILDER, RC
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

Target Hardwaren-theloop

Final Validation Test

MASTER, SIMBUILDER, Slo
Motion, POST

MASTER, SIMBUILDER, HIL
Manager, POST

MASTER, SIMBUILDER
TARGET Manager, POST

The last three sectioabthe user manual providetails on functions and settisgscific of the demo
which are a demonstrative subset of all tHedultLAB software suite features.
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Requirements

The demo was designed to showdladtime features of the EICASLAB software suite on a simple (but
complete) application examplae following tablsummarisethe requirements arsdme entries are
marked as part of tHeicad.AB RCP Platform, i.e. a PC with a Linux Real Time Operative System
(RTOS) ancEicadLAB software suite. More information about it are available in tfiechslAB

user manual @n thewebsite

Type Requirement Part of the EicasLaB RCP
Platform
HW PC Yes
SW RTOS Yes
EicAadLAB suite Yes
EicAadLAB projects |No

However, in order to experience goeatime performance on a stiard PC, the user has to check the
following hardware and software requirements and configure properly the execution environment a
suggested in this section.

Note

The reaitime execution of the demo might have poor performance and provide a poor
experience because of not suitable hardwafer@reaonfiguration of the PC.

In that case, we suggest to have adbible F.A.Q. section of the document (section 5) or
have a lookat the video webinar available BiIcaSLAB websiteto watch the standard
expected behaviour of the demo. If yoreapecific questiorsendus a description of the
problematthe email addressupport@eicaslab.com

Requirements  for the PC
The demo requiresaptop or desktop P@ith the following minimum features
Hardware

1 Dual core CPU

1 2 GB of RAM

1 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

1 GNU/Linux operathg system (tested on Fedoral@2 can be any desktop Linux distribution, see
the next paragraphs

1 PREEMPT_RT kernel configuration (recommergtseithe next paragrgphs

1 The software installer containing the three projects of the demo

Operati ng system configuration

The correct execution BfcA9_AB software suiten Linux operatig systenrequires a set of libraries that
are usually piastalled in most Linux distributions (Debian, Ubuntu, Red Hat, Fedora, etc.).

Thedemorequiresyai r t ual | oopbadk anabledibgdefault onmmbsesystemsaad thiel o
user can chedk with ifconfigcommand run in a terminal (i.e. konsole, ghemmenal)or Network
Manager system tool.

GNU/Linux distribution

If a Linux operatgsystems not installedn the PCthere are some options to run the d@iease check
compatibility and warranty issues for the machine, before installing)

1 install Linux on the disk drive in dual boot configuration with the ogensdtem currently
installed

9 install Linux on a removable drive, if the system ssifhmobtoot from an external device

Fully RT PREEMPT kernel configuration

Reaitime executiomeans the scheduling of some programs andsthmestcbe completed in deterministic
way, with limited latency and other timing requirements whicht a@mpatible with the scheduling
settings of most general purpose systems.

This EicAd_AB demo is designed to work in Linux environment, but since ikiaugeneral purpose
operatig system, we recommend to inst’llTAPREEMPT Linux kernel to get better t@mk execution
performance. For more details about RiePREEMPT patch of the Linux kernel, please read the
rt.wiki.kernel.orgrebsite.

Some Linux distributions provide a set otprapiled readip-use Linux kernels to the users by sefan

their software package repositories: using the right packages the users can get quickly and without effort a
lateng version of the kernel with reade configuratiorthere is a set of alternative Likesnelersiosin

each distribution, some of them incladdtimeversions (usually they are labelled-)ith

If the software packet manager isyapt can @sthe following commasitb checkhe availabilityf Linux
kernel versions

apt - get update
apt - cache search linux - image

On the other hand, the general solution dotnload the kernel source and the relaj@éeipt patch
from www.kernel.or@ndbuild thepatchedkernel as explained stggstep by théowto page



http://rt.wiki.kernel.org/
www.kernel.org
https://rt.wiki.kernel.org/index.php/RT_PREEMPT_HOWTO
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Installation

After checking the system requireméhésuser must damload and install the softwateen the starting
point of the demo execution is runnthg MASTER tool oEicad.AB as described in the following
paragraphs.

Download

The download link for the demo installer is ofethed_AB website

@ EicasLag™
Demo

EICASLAB Demo RT-PC

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

EicAsLAB™ Demo
% BT’R/C

p— *[ 9

©

Wy the innovatioghye

Download the software

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

Install

To install the demo, first extract the demo installer archive and therinstaléreecutable The user has
to agree to the license terms and optionally edit the install settings as shown by the installer program windc
(installation directory antherpreferences).

11n order to run the Install executable, open a tererimalatolin the EICASLAB installation folder containing the Install
executable and type ./Install followed by <Enter> key

8
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gg 1B1cAS] AB™ SUITE
It uoe i sublect to the toarn ot comes oF BN anse saresment below

Kk

EICAS 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
LICENSE THE SOFTWARE TQ YOU, IN WHICH EVENT YOU SHOULD REMOVE THE FULL PRODUCT.

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:

You May:
i, 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.

v |

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 withEicAd_AB software suite iss MASTER togl which manages thiehole
projects and the other toatthe suitethereforehe first stepd run the demds to launcht from the
desktop link or from the installation directory.

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

<
i ta
£
) //III /IIlllll H'l
///I/III

I

Welcome to innovation

Open the project

In thetop menu of théASTER tool widow, select the menu DEMO ayali can see the three projects
included in the demo:
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I POST  ACG Ssftings DEMO |

-ﬂ. = N _E\ AnG Control
b ' EI User Contral

® Plant

1 AAG Contro] provides a control logic for the rotating tabladigmatic Algorithm Generation. It
iIsrecommendetb start with this project to easily become familiaEwits_As demo.

1 User Controf allows the user to design his own control algorithm for the rotatingVelsiaggest

youto use it after a full experience with the AAG version, as explaine@diciied chaptérhe
user defined contfol

1 Plant is a redime emulator of the rotating table plant that is used by this demo instead of a real
plant during RCP and FVT trials.

To proceed,lick on the AAGQorojectitemto openit and start to explore the demo.

Next sections help the user to csispby-stepthewholesequence of the operative madesthe toolsf
Eicad_AB available within this dem@oing throughhe workflow the user can try the main featafes
Eicad_AB, givingsomensight to the full range of facilities provided by efablm.

10
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Modeling andLike Real ime Simulation

Modelling and Like Re@ime Simulatioroperativemode allows to design and test the control
algorithm and simulate the Rotating Table response to its commands.

The Modelling and Like Réiale Simulatiomperative mode enabkbe control designer to validate its
algorithms irsuch asimulated environment using the following tools of the software suite: SIMBUILDER,
SIM and POST.

The following diagrasummarisae roles of each element of the scenaiidsifirst operative mode. You
will find similar tables in each operative model®node in the next chapters.

The local target and the rotating table emulator ateeneahardware devices, but they take the places of
the oOexternal athar gate ad o mptlramitiéerr especti vely,
table.

Rotating Table
emulator

EicasLAB

RCP Platform ‘ Local target

SW‘ run control ‘ ‘
logic

simulate
the plant

SIMBUILDER tool

By default, the starting operative mode of the demo is Modelling and L-tkeeR8ahulationThe
user can explore the layout double clicking on its elements.

Into the system layout of the demaoehere examples of subsystems belongingttoebereasomposing
a typicatontrol system:

EICASLAB SIMBUILDER: AAG Control

File Eefit Plot Configuration Global data  Scheduling MPYCPO  ACG  Laye

= R e < Swsuoee €,

I

4 DAL |2

comPL
™
. dis
Disturbance
112

Rotating Table

1PE
FE
=+ | Performance
b2

5%

16
’—“”E Trajectory Generator G
13- I

11
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1 theRotating Table green blagdant Arepis thefine model of the plant to be controlled in this
demonstrative case

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

1 the Trajectory Generator, Disturbance and Performance yellow bloaks Avéis3 ardesignated
respectivelffor computing desirettajectory, modelling disturbances acting on the plant and
computing performance evalugtion

1 Analogto-Digital (AD) and Digitab-Analog (DA) grey interface blocks mdéuelconversion from
conthuous signals to digital signals and vice Vhesalant 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 u
several inteomnected elements frahe SIMBUILDERgraphical block library.

EICASLAB SIMBUILDER - Continuous Plant Layout

File Edit Plot Global data  Scheduling  Layoul  View Help

e N T s s < Sumuioem | €.
: oulomb Friction il
cormPL cornPL fl a
vt LRCTIE\ al al m E =0 m %1
a ; al fl =0 1/1.
e ar ; - -
E Transeoitted_Toxque |
- a3 f12 Aelta0ra delta0rn

2130

Backlash_Hysteresis || ouif

otaldel

. ”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 expléifled in the
EicAdLAB user manudh the demo it is pos$#to open the parameter window of dsdmtk

File Edit Plot Global data Scheduling Layout View Help

5 = 4 == -
e = < [ Swapuipen ©,
> ™
BLOCK INFO PARAMETERS OUTPLTS
i Name=Triangular Wave = B =
sup ‘ It Numbg,,zg L DOUELE Bonplivude 0.0000008+00 EL_DOUBLE F
input number=0
Cutaut number=1 EL_DOUELE perioats] ’5.0000002+00
- Stale number=0 5
4 Parameters nuriber=3 - -
EL_DOUELE phase(delayiizad] 1.5000008+00
!
pisturoance| ok P I

12
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The main parameters aftivity scheduling farike Reatime Simulation are collected in the Scheduling
window, where the user is able to describe the timings of the completa $ystesofphass period
and duratiosin order to emulateefreaivorld

s Scheduling

9'5 } Iiu'/ +HH Welcome to Inn

il [ i i
:]@. .] OVERALL PERIOD =1 simulation step Current simulafion step: 1.000000e-03
Continunus Flant
Liwe Acce: Function Exec flag: Period  Du Pha: 1 2
= ol [ | el i | |
AD conwerta
Liw  Acerss Function Ex flags Period  Dus Ph: 1 2
.- e 2L - ! i | i {
DA converters
Liwe Access Function Excecution flag: Period  Durati Pha 1 2
e = = ! e )8 | i {
Missions
Liwe A Fune E flag: Period  Du Pha: 1 2
] M1 Disturbance on ] il b i
] M3 Trajectory Generator on e il il i
] Mé Parforance on oz . il hl il
Fro 1
Liwe Access Control function Excecutionflags Period  Duration  Phase Il ‘2
- e 2 = ! ! ! i ]l {
In the DEMO version these data cannot be modified
7

[=1
SIM tool

The SIM tool is available in Modelling and LiketiRealSimulation 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 firstngile 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  SIMBUILDER  SIk - POST  ACG  Seftings

ﬁ ﬁ E @ @ ﬂ 522:;:3;erdeﬂnitinn E

Froject "“Warnings

F o

Regenerate hakefile
Sik compiling options
- Run 3IM

- Debug sIM

© Remove objects and Sit
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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
4000 1000

@la] m [Fm]

0 8 16 24 £ o 8 16 24 ]

Command_and its_contributes Distuthznce_toxque

=1 [s1

thdCO_d th1PL  th2PL elasticdel
3200 160

w [ rad] o [xad]
1200 ‘/—/L/ -

200 240
0 8 16 24 a2 0 8 16 4 32

Desited_and. mzasused positions Elastic_defoarnation

[s1 3]

el ez Transmitted_Torgue

u [na] (1]

Contzol_czrox 1] U b [xad]

i}
st ore et P !
Time Scale

The SIM toolgraphical user interface main section includes a setdiigraens of quantities of interest,
whereas its main controls are the Start and the Stop buttons in the left bottom corner. In the right bottor
corner there are two useful log bug{standard output and standard error), with the error counter.

That grapital 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 differet
from a tool to the other.

To execute a simulatitnal andcontrol the rotating table plant mqa&hply press the Start bution
the SIM window. Some plots are displayed idimealin the six graphical areas as exaiiae
guantities are listed in the following table.

In the SIM trial of the demo, some tidi@grams 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 comman(?)
(Commanand its Red uo0 Open loopcommandA)
contributey Blue uccO Closed loop commar{d)
2 black thdCO_d Desired angular position (rad)

14
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(Desired and measur| Red th1PL Motor angular position (rad)
positions) Blue th2PL Load angular position (rad)
3 Black el First errorcomponent (err)
(Control error) Red e2 Second error component (err)
4 Black Td Disturbance torque (Nm)
5 Black elasticdef Elastic deformation (rad)
6 Black | Transmittedtorque Transmitted torque (Nm)
POST tool

The POST is the tool to support data analysis foppastssing 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 fu
EicAdLAB user manual, so that the user conldyse and peptocess them to keep on the control

development

The demo is set to record on disk a set of variables belonging to the following blocks:

Rotating Table

Trajectory Generator,

EICAS control,

1

1

1 Disturbance,
1

7 In1®

For each of these blocks they@ predefined selection of variables for POST recdrdasgribed in

the following tables:

Rotating Table

Variable Unit

Description

Time S

Time

2The motor angular position is reported on the load axis using the @ear rati

31t is aTarget Inphlock available only in the FVT operative mode.

4For all the demo projects except the User Control project.

15
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comPL A Command
Td N*m Perturbing torque
th1PL Rad Motor angular position; it is repor
after themechanical gear
th2PL Rad Rotating table angular position
x0 rad/s State related to motor angular rate
x1 Rad State related to motor angular positi
X2 Rad/s State related to rotating table ang
rate
x3 Rad State related to rotating table ang
position
Transmitted_Torque N*m Transmitted torque to the rotating ta
totaldef Rad Total elastic deformation of
mechanical gear: difference betwee
motor angular position (reported a
the mechanical gear) and the rot
table angular position
elasticdef Rad Effective elastic deformation of
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
th1PE Rad Motor angular position; it is reported ¢

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 r

angular position; it is reported after
mechanical gear

e2 Rad error between desired and measured rc
table angular position

EICAS Control

Variable Unit Description
time S Time
th1CO_d |- Motor angular position; it is reported &

mechanical gear

thdCO_d |- Desired angular position
comCO d |- Total command

uo0 A Open loop command

ucc0 A Closed loop command

Inl
Variable Unit Description
coml A Total command
Note

You are free to change the-dedined variable selection for POST recording selecting
other variables as described irfulidziIcASLAB user manual.

Opening the POST tool itsrdeessing Window (described in fibié EICAS_AB user manuakyets
opened, listing all the recorded variables subdivided in columns depending on the block to which the

17
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belong.

File Lists Processing Fourler Transform  Correlation Power Spectrum Help |

= @IIIE]IIIII vost ©.

CP_Rotating_Ta

M6_Performanc: CIP1_EICAS_C FREE LIST

Time Time Time

comPL haTG mPE

Td se m2PE

miPL haPE
1

- AREA2| AREA3| AREA4| AREAS! AREAS
START PLOT

TIME DIAGRAM

You can then select any variable indicating in which of the 6 availaplettinep#. Therpressing
on theStart Plotbutton the Plotting windo{described in thielll EICASLAB user manual) gets opened
representing all the graphs.

Fie interval Graph Toals Help ‘
EEEEEEEEE R post ©
| 1 \hIPE thoPE thPE 9 ey

- NN T N - E
Ll fﬁ o Z
. \J : JFMUW%.W s
. fl 3
[e3] Td i [e6] 52 i
* x| X
& 2| == I
o v ﬂ\ o A \L/J\J—\w
A s
- y @ - @
1 ue0 - 11 elasticdef a
- x| = X
. ALY LJW“ gl % .
0 + f % 0 Ljﬂ %
- e .

Recorded variable configurations

A predefined graph configuration is available: from the R@8U select File > Load configuration, click

on OoOPerformance. saved and press the Load butto

18
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EICASLAE POST: Processing

Help
Post ©.
C1P1_EICAS_C FREE LIST e v hl
Time
th1CO_d
thdCO_d
comCO_d
und
=0 ez ucch
1
®Z )
X3 &
Transmitted_Torg
totaldef Filter
elasticel

YDEMOPIa)/AAG_control elp/OutFiles/” save

prOUtFiles,
prOUFiles/Peracy
piOUlFilesiSlow

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

Load Filter Cancel Help

After loading the configuratioyou can press on th&fart Plotbutton for opening the Plotting

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

Note

Each operative mode has its variable configuration (always storederferiiiasagg

19
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Rapid Control Prototyping

The Rapid Control PrototypiiB@CP)operative mode dICASLAB suppors the control developmeint

the midway step of porting the control aldors from simulation einenmentto the real plant to be
controlled. FieEicAsLAB RCP Platformis the ideal instrument to analyse, tune and debug the control logic
executing in real wotbéfore using the final target to run the control program

Rapid Control Prototyping scenario

Control
algorithms

measures

/0
Interfaces

commands

=1
5
€
H
=
o

EICASLAB

Real plant
RCP Platform Ralan

The demo allows you &xperience the two operative-sulgles of the RCP operative maael their
specific tools.ethe RCP Manager for tRC On Fieldubmodeandthe Slow Motiortool for the Slow
Motion submode, as explained in the next two paragfBiphdollowing diagms show the roles of the
elemergof 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

5 TheEicASLAB RCP Platform is standard®C with Linux RTOS (RT PREEMPT or RTAT)cASLAB software suitand
suitablehardware interfaces. That configuragilémws to save cost and efforts by covering all the design phases on a single
standard®C. Read more on tBeCAS_AB website

20
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