Prevas =M

SOLUTIONS

New approach in Developing
Scalable Dynamic Test Systems
with
HIL Simulation

Hans Nystrom, Prevas &
Arnoud de Kuijper, T&M Solutions

CL L L]




Prevas =M

SOLUTIONS

Prevas delivers what's promised

» Founded in 1985, >20 years experience of delivering profitable
solutions to clients.

= Approximately 550 employees

= Listed on the Stockholm Stock Exchange since 1998.

= Certified according to ISO 9001:2000. Using well é/
documented and tested project and development models. 1

Reliability of delivery Customer satisfaction
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T&M Solutions

» Founded in 2001, >7 years experience in delivering Test &
Measurement Solutions.

= More than 300 projects succeeded in different industries.

» Offices in Arnhem and Eindhoven,

» Total of 11 technical skilled employees.

» Experienced in small and large LabVIEW projects.

Mission:

“T&M Solutions BV goal is to increase customer satisfaction in Test &
Measurement automation by being a reliable engineering partner. We
can achieve this goal with the help of graphical system design tools.”
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Agenda

« HIL Explained

e Case Study by Prevas

e Scope of the test system

« Description of sensor simulation
« Description of fault insertion

« Overview of a system

« Key factors for scalable systems
* Other
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HIL Explained

(Arnoud de Kuijper)
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« Hardware-in-the-loop (HIL) simulation is a technigue
that can be used in the development and test of (real-
time) control units.

« HIL simulation provides an effective platform by adding
the behavior of the system that is controller to the
test platform.

« The behavior of the system is included in test and
development by adding a mathematical representation of
all related dynamic systems.

CL L L]
TEEEEENEEEEEEEEEEE EEEEEEEEEr


http://en.wikipedia.org/wiki/Representation_(mathematics)
http://en.wikipedia.org/wiki/Dynamic_systems
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[ Actuators HSystem to be controlled]{ Sensors }

! Control Unit* i<
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*Control Unit is under development or under testing
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( Control Unit* }

»l y ™
[ Actuators ,l System to be controlled} Sensors }

HIL can also be the system to be controlled with the
actuators and sensor belonging to the control unit.
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l [ Control Unit } l
{ Actuators |,| System to be controlled H Sensors }

HIL can be the system to be controlled including
sensors and actuators.

\‘)/_ _\‘\

This is actually a new definition of “system”
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Control Unit

HIL Input Mathematical model HIL Output
(transduc. simulation) (sensor simulation)

HIL replacement of components
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Control Unit

HIL Input ' Mathematical model HIL Output
(transduc. simulation) (sensor simulation)

GUI + Analysis

Added Interface to control and monitor model.

A
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 When the mathematical representation of the system-to-
be-controlled is more accurate, the better the control-unit
can be developed and tested.

« An HIL simulation could include electrical emulation of
sensors and actuators. Depends on target: HW, SW.

« Using physical loads and a fault insertion modules, the
HIL test system can accurately simulate real-world
conditions and test response to fault situations.
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* In many cases, the most effective way to develop an
embedded system is to connect the embedded system
to the real plant. In other cases, HIL simulation is more

efficient.

« The metric of development and test efficiency is typically
a formula that includes the following factors:
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Case Study by Prevas

(Hans Nystrom)
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CaseStudy, Automated Guided Vehicles

Main challenge:
* The main challenge was to test the control system of the automated
guided vehicles without using real vehicles.

* The control system is a combination of up to three electronic units
with different software depending on installation.

* The solution needs to be able to test the different installation and
also simulate electronic units under development.

Solution in brief:

* Hardware-In-the-Loop System

* Hardware built on standard PC with NI-CAN and RS-485 boards.
* The I/O is based on distributed CAN

* Connects to Test Sequencer and Test Cases developed in Python

* All software and dynamic models developed in LabVIEW

Main benefits:

Each installation can be tested early and safe with minimum
use of real vehicles. This reduces the cost for each installation.

Faults reported from different installations can be found and corrected

faster with less cost..
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New Technology

(Hans Nystrom)
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« COTS (Commercial Off The Shelf) hardware

— PXI platform

— FPGA technology “ﬂ“g
'?... ‘

« PC technology

— Multicore

— PCI Express PCl| >
EXPRESS
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System can be

scaled

up or down

Testadministrator

Testcase GUI
Functions
Drivers Drivers Drivers
Instrument DUT Simulator
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new products,
Instruments or tools


http://s84.photobucket.com/albums/k4/jazar10/?
http://s74.photobucket.com/albums/i259/tswachter/?
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Open architecture

* An open, adaptable platform is essential to the long-term
success of your hardware-in-the-loop (HIL) test
Investment.

« With support for multivendor 1/O
* Flexible software architecture.
« Good documentation of modeling and setup
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Scope of the test system

(Arnoud de Kuijper)
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Define the scope of the test system:

* Prioritize what iIs most important
— Where do you save most time (=money) !
— What can you not do without a test system?

* Organization, Company
— Human resources and knowledge available?
— What equipment and tools are preferred?

— Processes (requirement handling, configuration and
code management)

* Project needs
— Product
— Time
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Basic Dynamic test setup (HIL)

The use of real-time 1/O to simulate the dynamic
behavior of a device/system that interfaces to

the Device Under Test (DUT).

RT Computer
» |/O l
Mathematic DUT
model
_ Ju(x)g(z)dz+ O
¥ = _
u(x)

L fiol
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Complete test setup
l > Control Computer
1
RT Computer | T Il
sensor || | [ Sensor_ | Faul
simulation .Simulation; Injection
t v
Mathematic DUT
model HE
_ Ju(x)g(z)dz+ O
¥y = _
t(x)
T v
/O ¢ Load <& . I_:aul_t HR
injection
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Dynamic testing + and -
+

* HIL makes a reproducible, dynamic test possible

* HIL makes critical tests possible, without
destructive testing.

 |n safety critical areas necessary due to product
liability

« Simulation might not be sufficiently accurate

- Complexity increases the requirements to the
service personnel
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FPGA used for Sensor simulation and tricky measurements
- Duty cycle measurement with glitch filter (diagnostic)

- Ol level sensor

- Inductive position sensor

- Knock sensor

- Custom serial protocols (Imobilizer etc)
- Fast command response (RFID etc)

- LVDT / RVDT

- Cam/Crank position sensor
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Description of sensor simulation

(Hans Nystrom)
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. . A :/ \I = 0i
Sensor simulation e
Oill level sensor i
Received signal
= Oil temp
Y —>
— =
\ /
z
Current pulse
S DAQ (V) generator
oil [L
\ A/
Sensor input of Electronic Unit (DUT)
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Sensor simulation
HW Ol level sensor simulation

Vad
A
|
Trigger level . Current pulse
and Oil / DAQ (V) generator
delay temp/

Sensor input of Electronic Unit (DUT)
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Sensor simulation
FPGA simulated oil sensor

_ Analog IN
Oil level
’ Analog OUT
Oil temp
—>
FPGA Current pulse
DAQ (V) generator

Sensor input of Electronic Unit (DUT)
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Sensor simulation
Inductor position sensor

Received
------ ~Signal

Time = pbsition

R

Voltage pulse
- e DAQ (V)

generator

Sensor input of Electronic Unit (DUT)
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Description of fault insertion

(Hans Nystrom)
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Fault insertion
OIl pressure switch circuit

Example:

Qil
pressure
switch
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|

R1

R2

Filter/
protection

Signal
detection

Sensor status

—>
( OK, Open-,

Short- Circuit)

Sensor value
—>

(ON/ OFF)

Sensor input of Electronic Unit (DUT)
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Fault insertion
Basic fault insertion, Oll pressure switch

Digital QU fr-s-srssesseasessesesssssssessense. :
G@/:
Dlglta| QUL freeserrrrrrmmmmsssnrnnnnmaannnn,
= 1 Sensor status
A
( OK, Open-,
| Filter/ Signal Short- Circuit)
Digia Out ], [R2 rotection | detection
P Sensor value
>
(ON/ OFF)

Sensor input of Electronic Unit (DUT)
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Fault insertion
Advanced fault insertion, Oll pressure switch

Digital Out

Analog
out

Digital Out

Digital Out

T=M

SC]LLJTIC)NS

CL L L]

Sensor status
—>

( OK, Open-,

Filter/ Signal || Short: Cireul)

protection | detection || o< vae

>
(ON/ OFF)

Sensor input of Electronic Unit (DUT)
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Overview of a system

(Hans Nystrom)
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HIL system Rig power and PS

(Battery simulator)
example:

ECU1 Interface box

Distribution Unit
(data bus and Power)

) 4

ECU2 Interface box
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Adapt. Box ECU
Interface box 1 - 1a) 1(A)
FPGA > C Series 1/0 BoP : >
Si $ | S '$h' E
PX]| Igna witching |
conditiop‘in_q 1 FIL | 1| eee
CAN 8 2
Distribution box || Power = 5
e =
11587 (Interface + Power) Supply ] =
(7p) L
. | Adapt. Box " | ECU
v 1
Signal |__,[ Switching 1(B) 1(B)
conditioning FIU Load
{ J
FPGA > C Series 1/0 BoP

Interface box 2
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Software Requirement

A lot of advantages in software can be found in the
following behavior.

: Open

Modular

ministic \ threading -based
\ \ \ \\protocol
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Texzt Management

= Fequirements Traceahility
Host = [iata Management

= Analy=is and Feporting

= Test Automation

Graphical User Calibration and
Interface Diagnostic Interfaces

Simulator
N = [iatalogging
Heal-Time * Model of Plant System
Processing ST

Interface

- Input Froce=zing Sensor Simulation
FPGA i I'Zun:;lzjlj:il::?tiun = Filtering » LYOT/Resalver
F'rl][:lassmg Protocols = Linearization = RTOYTEG

= Zcaling = Force/Flow

Bus Interfaces

I"I]I.r[.lll]l.l'[l]l_l'[ = AErospace
Interfaces = Automotive

= [ndustrial

Analog Inputs Digital Inputs fnalog Outputs Digital Outputs

Physical
Simulation

Fault Insertion

I.“.IT Embedded Controller

L B vl Components [l Third-Party EumpunentsJ



Machine Control

Architecture Content

Choosinga
Machine
Control
Architecture

[ High-Level J | 7
- : A Reference 7~ AReference \
[ Architectures J Architecture - s
for Local E :
[ Components ] Machine ' ‘
Control l\\ ll'
~ Design Patterns ! )
Legend A Tag A Machine
A EIME Configuration Controller
Architecture — -
e ek Editor for Architecture
Machine Overview
Control
ST T ‘; An HMI
' : Architecture
: s for LabVIEW
i : Touch Panel
S ," Module
| . | 1
\
An HMI An Alarm (o (~ AsState Chart
Navigation Engine for the A Current Design Pattern
- Value Table for for PackML
Engine for LabVIEW Touch LabVIEW Machi
LabVIEW Panel Module - Acane
= i) L Control
1
Creating HMI - A CVT Client ¥ A cRIO IfJO =
pages for - munic'ation Design Pattern
LabVIEW Touch s for Machine
Panel Module LIS LS Control
\& . Yy W e J
A Simple TCP
Messaging
Protocol for

LabVIEW
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How to proceed?

CL L L]



Prevas T& M

SCJLLJTIC)NS

Recommendations for how to proceed:

Get started but be prepared for changes !

— Build with a well defined structure and you will be able to modify it according to your
needs.

* Involve all potential users and let them participate

— System architect, Designer, Integration and Verification, Production test, After
market

» Prioritize the requirements in order to get a first system up and running
— Add functionality and scale up the system later
— Incremental system development

* Build upon standard components (SW and HW)

 If you are not familiar with advanced test systemization and the new
technologies. Get a partner that can help you.
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Added value of a Partner

« Knowledge of common issues & challenges

« Knowledge of Software Tools
— LabVIEW Platform
— Control Design & Simulation Module
— MATLAB Simulink

« Expertise in OPEN Software Architecture
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« Experienced in design & specification of HW & SW
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] 1. See the reference architecture for a
vt (N typical Hardware In the Loop system,

& 2. toread a customer solution,

. and view a webcast on how to develop
Test Systems using LabVIEW.

Download the Hardware In the Loop Resources Kit.

http://digital.ni.com/express.nsf/bycode/ex4d5f
http://www.ni.com/pdf/misc/us/hil simulation checklist.pdf
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« Hans Nystrom, Prevas Sweden
« Manager, Test System Design
Hans.Nystrom@prevas.se

« Arnoud de Kuijper, T&M Solutions Netherlands
o O E)
A.dekuijper@tm-solutions.nl
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