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EicAsLAB™ Demo RT-PC

Just 1 Software Suite

Just 1 Project

ALL the design phases
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EicASLAB™ Demo RT-PC

The operative modes:

* Modelling and Like Real-time Simulation |

= Rapid Control Prototyping (RCP)
"RCP On Field sub-mode
=Slow Motion sub-mode

= Target

"Hardware-in-the-loop (HIL) sub-mode

=Final Validation Test (FVT) sub-mode
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Summary

Slide contents:
* QOverview , |
* Requirements , ”Z;cumova?iqﬁ‘-
* Operative modes |

— Modelling and Like Real-time Simulation
— Rapid Control Prototyping On Field and Slow Motion
— Hardware-in-the-loop
— Final Validation Test
* Further information
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Overview

Example of a complete control
design development, from the
Simulation to the download to
Final Target.

The application

case is the rotating o
table of the | |
EicAsLAB DEMO. ey e i
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Overview

EICASLAB Demo RT-PC = Real-Time on single PC

* Focus on the real-time operative modes: Rapid
Control Prototyping (RCP), Hardware-in-the-loop
(HIL) and Final Validation Test (FVT)

* Allows the user to experiment the real-time support
using a single PC (no real plant and target required)

Not required

Not required § q
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Overview
The EicasLAB RCP Platform

It is used to run
EICASLAB, execute
real-time tasks,
to cross-compile
the code for the

embedded board
and program it.

Standard multi-core
PC equipped with a
Real-Time Operative
System (RTOS) and the
EICASLAB Suite

RCP=Rapid Control
Prototyping
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Minimum requirements

This demo requires real-time performance, therefore it is
only available in Linux version.

* Dual core CPU

2 GB of RAM

* 1 GB of disk space

* GNU/Linux operative system rt.wiki.kernel.org

e PREEMPT_RT kernel configuration (recommended)

* Networking interface to connect to the target (USB2.0

for BBB, Ethernet or WiFi for other boards) e
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Minimum requirements

The EicAsLAB Demo RT-PC includes three projects in the
DEMO menu of the MASTER tool:

* the first with the pre-designed control algorithm by
EicasLAB Automatic Algorithm Generation (AAG)

* the second with an empty control where the user can
program his own algorithm

* the third is a “real-time plant emulator” which is used
in a second instance of the demo program during Rapid
Control Prototyping and Final Validation Test trials, as
explained in the following. Welcome to Innovation
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The control objective

* Impose the desired trajectory to a rotating table
" Actuator: electric motor acting on the rotating table
® Sensor: one encoder measuring motor angle

Desired trajectory (TRACKING mode)

d
[rad] o0 hatG

24

0.8

0
-5 | ] ]
0 8 16 24 32 -0.8 i i
time [s] 0 8 16 24 32
. S
Desired angle (POINT-TO-POINT mode) Welcome to Innovation
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Rotating Table Physical Model
/Theplant \

—— Im — Tt
Bem E.M. C R.G. C R.T.|

Encoder 1 Electric Reduction Rotating
Motor Gear Table

N -
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The Modelling and Like
Real-time Simulation mode
allows the user to design
and test the control
algorithm and simulate the
Rotating Table response to
its commands.
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Modelling and Like Real-time Simulation

The main M&LRTS mode purposes are:
= to model the plant
" to run and to validate the model
= to design the control algorithm

" to run and to validate the algorithm against the

simulated plant

Welcome to Innovation
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Modelling and Like Real-time Simulation

Who does what in Modelling and Like Real-time
Simulation operative mode in RT-PC demo:

HW EICASLAB Rotating Table

Local target

RCP Platform emulator
SW run control unused unused
logic
simulate
the plant

Welcome to Innovation
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The system layout in this mode:

Plant model

® ® d
u_Cl DAl ¥ corPL thiFL U].j AD1 ¥ 1P
Rotating Table *
7 & HarL e+ |Performance
CF -2 [5] (M2
. dis
Disturbance
h1-2
/ __mlPl
1
L Processor1

/ . Performance

' m ion
External disturbances computatio
LN Trajectory Generator _‘E:;G
Control algorithms v
under development Desired input reference
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The SIM tool allowsthe -+ _=
user to control the
execution of simulation
trials, providing

diagrams, editing of |
run-time parameters At

o ] | ﬁ;ﬁm: z L
- 21 i ) L2
and storage of data for :.W 1 %MJILW Sl |

post—analysis with the N\ A /&

POST tool. - AR !
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The Rapid Control Prototyping
operative mode allows the user to
test the control algorithm under
development directly on the real
plant using the advanced (and
comfortable) analysis, debug and
recording tools available on the
EicAasLAB RCP Platform.

It includes two operative sub-modes:
RCP On Field and Slow Motion.
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Rapid Control Prototyping

The main RCP operative mode purposes are:

" to run and validate the algorithm against the real
plant

" to monitor, record and tune real physical quantities
and parameters

" to use debug and slow motion tools provided by the

EicAsLAB RCP Platform
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RCP On Field

In RCP On Field operative

sub-mode, EICASLAB runs
the control as a real-time
application, interfacing
with the real plant
through a set of I/0O
interfaces, created by
EicasLAB Automatic Code
Generation (ACG).

EICAS Automazione S.p.A.

Rapid Control Prototyping scenario

Control
algorithms

measures

g
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1]

£

/O

commands
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EICASLAB
RCP Platform

Real plant
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RCP On Field

The project layout in this sub-mode:

The System Layout
no more simulated by the main project Of the Rotating
— - \ Table project in
RCP shows that all

- blocks except the
running g/ Processor are

disabled.
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RCP On Field

In this demo, the user can explore the system layout, its
pre-defined configuration and the set of parameters for
the RCP trial, then generate the real-time application.

File Edit Plot Configuraion Global data  Scheduling MPYCPO  ACG  Layout View
&y e e elfe] s 51 E O

CCCCCC i

— -
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Ko—

RCP On Field

The project layout in this sub-mode:

Since the real

no more simulated by the main project rotating table is not
\ available and we
sl | I R must close the loop,

- it will be simulated

| - by using a separate
R L project as real-time

emulator.
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RCP On Field

Who does what in RCP On Field operative sub-mode in
RT-PC demo:

EICASLAB Rotating Table
HW
RCP Platform Local target emulator
SW run control simulated by

logic unused second project

Welcome to Innovation
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RCP On Field

The two projects in two EICASLAB instances

! Linux PC
real-time
/ Main IOFOJGCt in RCP \ communication
CFET T CEELT I on local
interface

commands

—_—
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RCP On Field

The RCP Manager tool includes a GUI for controlling
the execution of the real-time program and providing

timing diagrams, performance reports and other
functions. I

ne |
ACP process COMPLETED Time 5} 2015 RCP Manacee @
EAS LT A o foUble_cONd U0 ucca T 2}
& walime_report hrml v e |[acers -l H
Al o oia) 13 May 16 16:46:51 -> PRINT THREAD: STARTING
EICASLAB Rapid Control Prototyping Timing report 13 May 16 16:46:51 - Ul THREAD: STARTING.
File: JRCPOUTIACLTral_time_report Fimi o o 13 May 16 16:46:57 -> MAIN THREAD: Target is waiting to stant
Dot ey 1y AT Bls 13 May 16 18:46:56 -> SCHED CONF THREAD: STARTING
Tiek Perioe: 5.200001 fmi) 13 May 16 16:46:56 -> ACTIVITY THREAD: STARTING 'The'
13 May 16 16:46:56 -> SCHED CONF THREAD: The thread 'Th2' is going 1o be stanted.
] o o 13 May 16 16:46:56 = SLOW MOTION THREAD: STARTING.
i Rcaroed i 0 ry ™ w i 13 May 16 16:46:56 -> POST THREAD: STARTING.
[ [ rmwmame orpe R R | 0 core [ ey [smerneyne| C=a o 13 May 16 16:46:56 -> RCP PLOT THREAD: STARTING
[ e fuoooooens | ssras | a5 | s | Ammc | 13 May 16 16:48:57 -= MAIN THREAD: Target is running
oo - 13 May 16 16:47:26 -> SCHED CONF THREAD: The thread has been terminated
Contrelinpu¥Ouipul Properiies
0 ) 13 May 16]16:47:26 -> ACTIVITY THREAD: The thread 'The' has been temminated.
xpec Duraion | Phase 13 May 16 18:47:28 - SLOWTh: Task Deleted
wame e Iype-cod racordad o
N T N T N e - o 13 May 16 164725 > POSTIN: Task Deeled
= 13 May 16 16:47:26 -> RCP PLOT THREAD: The thread has been terminated
Procnsp_ner | 2 0 coonnnesso | sovooomern | ot o
= o B 13 May 16 16:47:28 -> MAIN THREAD: Target has been stopped
[C1PLEICAS Control | 2 2 000nibe00 | 8 0000ORer00 | w2 o 13 May 16 16:47:26 -> MAIN THREAD: Target is waiting o start
Frocowuri_owtrs | 2 0.000000+00 | 80000008400 oua o ¥ a 4
Maximum Timing Chart ¥
Normatzing Factor it (pus) - o
(e Jr-omms e 1 g g B & & g Quit Clear Open file 7
op— .
Average Timing Chard
Normaszing Fartor it (pus) 0] wwolt]
[z [p-ooms el | = °
Calars legend mlad] e
# Thvaad parou.
= Duration k.
= Efactim mastnum duaon o the ncton i greate han the axpected duraian - .
=T St cems (Jhase 1 NGt F43DECIAG DECAUSA 1 PRRWGUS UNCHoN EXCESd It e
= The i 1 an s o being sgpciste ny he cuen e esoluion (Tck),
1 s b rgresent th inal tne of o pecio.
Summasizing Time Cha o .
. B . F = .
Tiek usait 0009091 s Prmret s st
Epec. Duration | Wax Duralion Wi Duration
Name JUC] L] =
FroceP P L w0 | O00oomter0o|  Cosaiieeoz|  bessonseol| 8 sssaineir
Procwup_wupioni | Oooomosn|  ezmemes0z|  emomenn|  siioomsny Start stp
) Eee— s p—— e
PO | oo | asomoenz|  omnaea | 7eme |
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RCP On Field

RCP Manager
Run-time parameters EICASLAB RCP Platform
and data recording
|

ggc

/Theplant \
Motor command "
— P Position Measure
(UDP) /:\\»1 Re \.Rommg (UDP)
Motor Gear ::::
\ J
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The Slow Motion operative sub-mode is an offline
replay of the algorithm execution, using data recorded
during the previous RCP trials.

¥4 SLOW MOTION
To0t

Slow Motion View

Repeat the trial as a

MOVIOLA with B
BicasLas™ B
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Who does what in Slow Motion operative sub-mode in
RT-PC demo:

EICASLAB Rotating Table
HW
RCP Platform Local target emulator
SW run control unused unused

logic

simulated plant
from recorded data

Welcome to Innovation




** - AD Automazione S.p.A. iy
o excellence and passion in automatic control design

The Slow Motion tool includes a GUI for managing the
execution of the replay of trials recorded on field,
providing timing diagrams and other functions.

e Souhon Setvas Moty Parsmetes Copy O e |

Main project in “j““:.:‘”:_,, m——
Slow Motion Execution replay of ﬁ“‘"%“’ ‘JJL»

SunseEdsEn S 6] control algorithms

J_—w_wm
Jﬁ_ﬂw

Previous

acquisition o e [ e @mm-
offline analysis, tuning

measures
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The Target operative mode
allows the user to export the
control algorithm to the final
hardware device that will
execute it to control first the
simulated plant in Hardware-
in-the-loop and then the real

plant in Final Validation Test

sub-modes.

Well:ume to Innovation
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The Target operative mode
allows the user to export the
control algorithm to the final
hardware device that will
execute it to control first the
simulated plant in Hardware-
in-the-loop and then the real
plant in Final Validation Test
sub-modes.
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EicAsLAB provides the routines to generate the Basic Software,
not only for the EicasLAB RCP Platform itself, but also for a
family of devices or for a specific hardware architecture.

ACG means Automatic Code Generation

EicASLAB side Target side

Processorl firmware for

target device
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This demo is designed to show EICASLAB in action avoiding
the need for an external target: the ACG output is a
standalone real-time program to be run on the PC.

// Main project \ Linux PC \

P R T R e 8 AS+BS ACG | Application and Basic Software

Source code, parameters, Makefile

Compile

= : Standalone real-time application
\K BicasLas™ Derrno / It_exe binary executable

Welcome to Innovation
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This demo includes HIL and FVT operative modes, so the
ACG for target is repeated twice to build two different
real-time applications on the “local target”.

// Main project \ Linux PC\

—— _ Application for HIL trials
| _— ACG, compile PP

= | HIL mode a first It_exe binary executable

ACG, compile
FVT mode Application for FVT trials
| | ‘ an other It_exe binary executable
EicasLAg” Demo / /

-'"'l'. e ; 1 .; - ¥
23798 +39011 58 23 028
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Hardware-in-the-loop

The Hardware-in-the-loop operative sub-mode allows to
test the control algorithm execution on the target
hardware against a simulated plant executed in real time
on the EICASLAB RCP Platform.

Slmlulazed Control
an P
P algorithms
YA m.
§ measures ]
0§ DEEED> of
—_— w -
- __commands E
- Q [N . . . -
EICASLAB Target

RCP Platform
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Hardware-in-the-loop

Who does what in Hardware-in-the-loop operative sub-
mode in RT-PC demo:

EICASLAB Rotating Table
HW
RCP Platform Local target emulator
SW simulates runs control unused
plant logic

Welcome to Innovation
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Hardware-in-the-loop

The project layout in HIL sub-mode:

The system layout
shows that the Plant
Area is enabled
again: during the HIL
,,,,,,,,,,,,,,,,,,,,,,, ) - trials it is simulated
by the EicasLAB RCP
Platform.

running on
embedded
target

real-time simulated

Welcome to Innovation
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Hardware-in-the-loop

When the code of the local target was exported and is running
as separated process on the Linux PC, the HIL trial is ready to
be executed.

f Main prOJect in HIL \ Ak PC\

ACG, compile

T ECEEL. e [ N

B

measures Application for HIL test

It _exe binary executable
commands

i real-time
communication

\\ BicasLag”™ Derno / on local interface /

Well:ume to Innovation
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Hardware-in-the-loop

The HIL Manager includes a GUI for managing the
execution of the real-time plant simulator program,
similarly to RCP Manager for RCP operative mode.

File  HIL Mznager Setings  Modify Parameters  Copy  Output

WAITING FOR START COMMAND Tmell 0 HIL ManaGER

double_comd Lol uced o]
o 00

=

Fie Edd Flot Configuabon Global data Scheduling MFUCPO  ACG  Layoul Miew mial wmin] 13 May 16 18:46:51 -= PRINT THREAD: STARTING

- — 13 May 16 16:46:51 -= Ul THREAD: STARTING
%J ﬂ @ @/ EI ﬂ ﬂ g 13 Ma; 16 16:46:51 -> MAIN THREAD: Target is walting ta start
— — ° v ° 13 May 16 18:46:56 -= SCHED CONF THREAD: STARTING
13 May 16 16:46:56 -> ACTIVITY THREAD: STARTING 'The'
13 May 16 16:46:56 -> SCHED CONF THREAD: The thread 'Th2' is going ta be started

o 13 May 16 16:46:55 - SLOW MOTION THREAD: STARTING
" . 13 May 16 18:46:56 -» POST THREAD: STARTING:
13 May 16 16:46:56 -> RCP PLOT THREAD: STARTING.
13 May 16 16:46:57 - MAIN THREAD: Target is running
13 May 16 18:47:26 -» SCHED COMF THREAD: The thread has been terminated
Rotating Table w W 13 May 16]16:47:26 -> ACTIVITY THREAD: The thread ‘The' has heen terminated.
s o] 13 May 16 16:47:25 - SLOWTh: Task Deleted
= 13 May 16 16:47:26 -» POSTTh: Task Deleted

13 May 16 16:47:26 -> RCP PLOT THREAD: The thread has been terminated
- 13 May 16 16:47:25 - MAIN THREAD: Target has been stopped

13 May 16 18:47:25 - MAIN THREAD: Target is watting to start

PLAAG 16
11 posory sttt o) . “ Quit Clear Open fle 7

o1
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(UDP)

HIL Manager [=
Run-time parameters

plot and data
recording

— O v

PE
.| |FPerformance
w o [ME-T thread 1|

No real
plant

Motor command\

(UDP)
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Final Validation Test

Final Validation Test scenario

The Final Validation

Test operative sub- -
mode allows the user rlant
to test the control

§
algorithm execution = i
on the target cicasias PEPEIN QDDD@
hardware controlling  siiorn MR - -
the real plant. Bl s
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Final Validation Test

Final Validation Test scenario
The monitoring and
run-time tuning are
provided exploiting

the real tlme % High veland
commands,
exeCUtlon featu res = @ B parameters
by the EICASLAB RCP  Ficasias HETE IR . .. "
Platform. platform | CGURETMII o o
‘. | - RT & recordin?g
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Final Validation Test

Who does what in Final Validation Test operative sub-
mode in RT-PC demo:

HW EICASLAB ] | Rotating Table
RCP Platform ocal target emulator
SW monitoring runs control simulated by
supervisor logic second project
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Final Validation Test

The project layout in this mode:

The system layout

// disabled shows that the Plant
—_ Area is disabled

el E\l Y3 comPL . thiPL ™3 AD1 |22 thiFE — 1

o w| | RowtingTable | |um B 2% [ performance dagain because
j cp B * [ns thuead 1 ,
. dis 1 I
e - during the FVT trials
e LTra]ectory Generator | [wre N
theead 1

_— the real plant is

simulated using a
separate project.

coml
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Final Validation Test

The project layout in this mode:

disabled
// The control

Tl T o L algorithm is
.| e executed by
o external hardware
target, as in HIL

trials.

V.4

e

coml
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Final Validation Test

Similarly as done in RCP On Field, this demo works without
real plant: the user has to run the plant emulator in a
second instance of EICASLAB demo.

Li PC\
//I\/I project in FVT\ —

ain
e ..ACG, complle,
et e Application for FVT test
_ .
L It _exe binary executable
data monitoring
(in run time) Tl'commands
measures

real-time Slant ror i e
communication ant emulator in

K\EICA\SLAB'" Dermo #l/ on local interface BircasbLas™ Demo #2 j
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Final Validation Test

The TARGET Manager includes a GUI for managing the
execution of the real-time FVT program, similarly to
RCP Manager and HIL Manager.

File TARGET Manager Sefings Moddy Parameters Copy  Output

TARGET Mariacer [€

File Edt Plot Configurstion Giobslosta Schedulng MPWCPO ACG Layowt View

P o x|

s, Wt ™4 ADD (M
N Rotating Table e Eih

s

\Emm bance
i vt

e

Trajectory Generator

s i

PLAAG

p sscinimes o)

- {@]%

13 May 16 16:46:56 -> SCHED CONF THREAD: The thread 'Th' is going to be started

13 May 16 16:47:26 -> SCHED CONF THREAD: The thread has heen terminated
13 May 16]16:47:26 -> ACTIVITY THREAD: The thread 'Th2' has been terminated.

=

WAITING FOR START COMMAND Time [sf
doutle_cond uoD  ueed wall]
n o
v MO u(ain) 13 May 16 16:46:51 -> PRINT THREAD: STARTING
== 13 May 16 16:46:51 - Ul THREAD: STARTING.
@ - X /| 13 May 16 16:46:51 - MAIN THREAD: Target is waiting to start
SipuiLuer € 13 May 16 16:46:56 -> SCHED CONF THREAD: STARTING
13 May 16 16:46:56 -= ACTIVITY THREAD: STARTING The'
e e 13 May 16 16:46:56 -> SLOW MOTION THREAD: STARTING.
0 0 i = 3 0 13 May 16 16:46:56 -> POST THREAD: STARTING
fa— - 13 May 16 16:46:56 -» RCF FLOT THREAD: STARTING.
13 May 16 16:46:57 -> MAIN THREAD: Target is running.
haco - x00]0)
- - 13 May 16 16:47:26 -> SLOWTh: Task Delster!
== CE=D 13 May 16 16:47:26 -= POSTTh: Task Deleted
13 May 16 16:47:28 -> RCP PLOT THREAD: The thread has been terminated
10 a 13 May 16 16:47:26 -> MAIN THREAD: Target has heen stopped
13 May 16 16:47:28 -> MAIN THREAD: Target is walting 10 start
o a0
. . 1 » n .
"
e . Guit Clear Open file
M w ol
(o) » (mdn)
~ ‘/—/v n
- a
. . a 2 .

y e
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Final Validation Test

Run-time parameters
plot and data Monitoring data

recording (UDP)

Run-time parameters

Local target

/ The plant

Motor command iy .
em. == R.G_

(UDP)
Encoder 1 Electric Reduction L TraJeCtO ry measure

Real plant i T e . (UDP)
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Further readings

About this demo:

 EICASLAB Demo RT-PC Webinar
 EicasLAaB Demo RT-PC User Manual
* Rotating table technical note

About EICASLAB :
e EICASLAB User Manual
e Other EICASLAB Webinars
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The demo installer is downloadable from EicAsLAB website (www.eicaslab.com)

For more info,
please contact:
support@eicaslab.com

‘T; the't fzizoiéaﬁqﬁ‘- DEMO
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