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NI Staff

= Nick Pirouet — Account Manager
= hicholas.pirouet@ni.com

- Matthew Surridge — Field Application Engineer, JLR
= matthew.surridge@ni.com

= Ashish Naik — Business Development, Automotive Validation Test

ashish.naik@ni.com

- Joergen Etter - Business Development, Electric Vehicles
- joergen.etter@ni.com

- Ralph McFadyen — Regional Sales Manager
« ralph.mcfadyen@ni.com

- Daniel Clapham — Field Marketing Engineer, Automotive
= daniel.clapham@ni.com
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JLR-NI Collaboration
Workshop

Goal of this workshop

Mutual understanding of ideal PT test workflow from design
through validation

Clarify and understand NI’s capability today and future
aspirations

Prioritization of areas for collaboration to improve test
Outcome of this workshop

Showcase areas of pre-qualified interest in NI’s test
capability

Documented understanding of JLR’s V&V workflow
Agreed areas to follow-up together after workshop




JLR-NI Collaboration Workshop

Agenda (4 Hours)

= Introductions

- Overview of NI & Test Platform

- Discussion on workflow/major challenges today
- Powertrain Test Overview

- Coffee Break & demos

- How to build a NI HIL

= Lunch & Discussion

= Confirm Next Steps
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Activities between NI and JLR

- Data management in powertrain
- Crash data analysis tools

- Infotainment test

- ADAS V&V

= Vehicle in the Loop

- BMS V&V

- VITAL (infotainment)
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Short Introduction

- Name
- Role
- Key interest for today
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OPERATIONS IN BILLION 35,000+ 18%
50+ COUNTRIES IN 2018 CUSTOMERS WORLDWIDE INVESTMENT IN R&D

NI equips engineers and scientists with
systems that accelerate productivity,
Innovation, and discovery.
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and Prototyping Validation Production Test

Leaders in Software-Defined Automotive Test
and Measurement Systems
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\ / \ Image source: PSA Peugeot Citroen

“By adopting open and scalable NI hardware and software platforms, we reduced a number of prototype
systems by 30% and increased test bench usage by 100%”

—Gregory Gackel, Electronic Integration & Verification Manager, PSA Peugeot Citroen

PSA PEUGEOT CITROEN l
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https://forums.ni.com/t5/Past-NIWeek-Sessions/Keynote-Implementing-a-Global-Modular-HIL-Strategy-for/ta-p/3526282?profile.language=en

SAAB Reduces Cost of Test with SLSC

“We chose an NI HIL test system because it is built on open, standard platforms that allowed us to reduce
the overall cost of test and the long-term maintenance and ownership of our hardware. It also allowed us
to customize the system to our exact needs, increasing the speed at which we could find and fix
embedded software defects while integration testing LRUs for our Gripen fighter.”

—Anders Tunstrémer, Technical Manager, Saab Aeronautics
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http://sine.ni.com/cs/app/doc/p/id/cs-17491

“By adopting FPGA-based simulation using the NI hardware and software platforms, we achieved the
simulation speed and model fidelity required for verification of an electric motor ECU. We reduced test
time to 1/20 of the estimated time for equivalent testing on a dynamometer.*

—NMr. Tomohiro Morita, Subaru

I

SUBARU
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Evolution of NI Automotive Business Strategy

Broad-Based Platform Instrumentation Expand NI a_md Ecosystem Cap_abllltles
for Vertical System Integration

= Leverage platform investments for automotive testing = Partner with automotive leaders to overcome test

needs challenges

= Invest in automotive platform capabilities
= Strengthen our solution and service partner
ecosystem

= Differentiate on real-time data acquisition and
processing
« Focus on technology first, applications second
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Delivering Customer Value

ACCELERATING TIME TO MARKET:
Software-defined platform promotes test platform flexibility and re-use
High-speed, real-time data logging, processing, and playback
Ubiquitous 1/O including automotive sensors and high-voltage measurements

EARLIER INVESTMENTS IN CUTTING EDGE TECHNOLOGY:-
18% of revenue invested in R&D
Deeply stable financials with ample cash

Earlier investment in areas of rapid technology change, such as electric
vehicles and automated driving

SCALE:
Accelerating inorganic investments to fill gaps — including global servicing

NI’s test expertise can help you reduce capital expenses with faster test
times and inherent flexibility



NI's Transportation Business Team

Collaborate with customers and industry leaders to eliminate test barriers
and accelerate the future of Transportation — drastically reducing deaths,
minimizing emissions, and improving quality of life

et | i )

EV Validation | Electronics Production Test Radar Test

Key Collaboration Areas

K -
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ADAS Validation AV Research and Testing V2x Research
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Unified Test Platform
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Summary of JLR Challenges

- Flexibility of HIL Systems

- Complexity of Validation task due to complex and fast changing customer
requirements

- EV Validation not well supported with current tools

- Lack of commonality across different levels of testing and different modelling
environments impedes rapid progress

- High cost and low efficiency / validation tool utilisation
- Validation process can be too manual
- Running simple tests on complex test systems (underutilising test asset)
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Best Practice — Reused, Unified Test Architecture

Test Requirements

f(x) HEHER HEHER @D
Desktop SIL, MIL HIL & Dyno / Test Cell In-Vehicle
Algorithm Testing System Test Test and Tuning
A SINGLE TEST PLATFORM
l ! Data and Test Results
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Global Support & Training

)

Enterprise and Volume License Agreements

—
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Enterprise Server
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Test Software Architecture

Data Management

X

Data Preprocessor

Data Search

Analysis Server

Systems Management

&

QO

File Cache File Movement Dashboards Deployment Analytics Platform
Measurement Pass/Fail
and Analysis Data
Data Storage Storage
- =
=
[ Operator Interface ] -— v = [ Operator Interface

Stimulus Control

Measurement and

Analysis

Stimulus Control
Reuse Libraries

Meas. and
Analysis Reuse

Libraries

Test Steps

Test Step Reuse
Libraries

)
-
-

Measurement Abstraction

[ Hardware Abstraction ] [

Hardware Abstraction

]

Test Requirements

" @@

SIL MILHIL &
5) est

Dyno / TestCal In-Vehicie

Desktop
Algorithm Testing Testand Tuning

Reports

Test Sequence Configuration

Test Step Configuration



SIL/MIL/HIL Platform

s

SystemLink Data Management Suite
Systems Management Data Management

N7

NI TestStand

Test Case Management

L

q-t ."
2

NI VeriStand

)‘ﬂﬂ?ﬁ'&'ﬂn’\fn s Real-Time Test Execution




Building a HIL System on COTS Components

NI Requirements Gateway

Requirements Traceability

Test Case Management NI TestStand, P

NI DIAdem

Data Management

1/0O and Model
Interface, and
Real-Time Engine

Network .. Camera

Signal Conditioning

NI VeriStand

NI PXI

Fault Insertion

NI SLSC or Loa

Load Boa

Signal Breakout and Mass Interconnect i.e. MAC Panel or Virginia Panel
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Built Around Openness and Interoperability Standards

ttors from | i
Interface with HIL Simulators from equirements Gateway APIs allow integration and

any vendor through industry automation with a variety
standard ASAM XIL test steps of tools you already use

NI TestStand, Pythong, etc

NI DIAdem

VeriStand Extensibility ® Functional Mockup Interface
Interface with any model, I/O type, Support for the FMI standard to

or HIL Simulator that has an API integrate with your existing toolchain

SLSC Open Design NI SLSC PXI Open Standard
SLSC was designed to be extensible NI 1/0O hardware is built on the modular
by partners and customers to PXI open standard to integrate the
support unique signal conditioning latest 1/O types and processors
and load requirements

NI SLSC or Loa

i.e. MAC Panel or Virginia Panel
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System Performance Test (Model-based Test Cell)

eskiop.
Algorithm Testing

- Real-time model execution (Vehicle, Road, and Driver)

- Dedicated motors for each wheel apply loads to wheels in real time
- Malicious Tests — conditions cannot be realized in field tests

« Easy to change conditions (ex. Icy road surface with a 30% gradient - change it to 40% instantly)
- Simulate real-world driver conditions using virtual drive

— PXIHIL System

Real-Time

Controller Model Execution

« Vehicle Model
* Road Model

+ Driver Model

Measurements from Vehicle Bus

Real-Time CPU CarMaker

Virtual Testing of Automobiles

Analog, Digital, PWM Measurements

IS 3T NI LabVIEW NI VeriStand
Test Cell Controller Test Cell Integration Real Time Test Configuration
Measurement Customization Control and Plant Model Management

Control Loads

LA A A/ |
9
-
g 3
o
o8
(=%

Control Loads

Test Cell Controller

Note: Other vehicle simulation tools could be used for model execution
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Vehicle Radar Test System (VRTS)

Features At A Glance

Radar Obstacle Emulation:
- Velocity, Range, RCS, and Angle of Arrival

Sensor Fusion Algorithm Tests
= Tight Synchronization with other PXI Instruments and Automotive Bus

Communication

Specification for Bi-statc

Number of obstacles
Distance between VRTS and DUT (L1)
Distance range (L2)

Resolution
Accuracy
Doppler range
Resolution
Accuracy
Radar cross-section (RCS)
Fixed amplification
Attenuation control
Resolution
Tx Output Power (with +10dBi horn)
Phase Noise, 77 GHz at 100 kHz Offset
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Deskiop
Algoritm Testing

Vector Signal Transceiver Variable Delay Generator
(PXle-5840) (N1-5692)

/ mmWave Transceiver
(mmRH-3608 )

1 to 4 per PXI chassis
0.7m-3m
4 m - 300+ m
10cm-12 cm
+15cm
0 to 500 km/hour (75 kHz)
0.1 km/hour (15 Hz)

+ 0.05 km/hour typical (7.5 Hz)
85 dB (-10 dBsm to 75 dBsm) typical
60 dB
50 dB minimum
0.25dB
+20 dBm nominal
-85 dBc/Hz typical

All specifications subject to change

The NI VRTS is a flexible test system that combines
PXI hardware with modular millimeter wave radio heads



Automated Data Management Workflow

<2l web Configuration

==
Raw Data A
__B'l DataFinder Server DataFinder Server Analysis Server POF
H

/ \
7 3
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Historical Data Data Standardization and Data Indexing and Mining Analysis and Report
Validation Generation
Multiple Data Au\t/c;rl? dj;gﬁ';%g?;daégtz;tgnd Quickly search for data across Intelligently analyze files and
Sources and « ”g the organization with generate reports on the server
Formats create a “master” copy you N .
can trust automatic file indexing.

automatically.
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JLR: End to End Test Data Management
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TRANSPORTATION
AND
HEAVY EQUIPMENT
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Improve Product Design and Validation Through Connected, Real-World Data
Jaguar Land Rover implemented an enterprise data management solution based on DIAdem and

DataFinder Server Edition to manage and analyze up to 500 GB of time-series data per day. As a result, it
increased the amount of data analyzed from ~10 percent to over 95 percent.

NATIONAL
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Use A Combination of Simulation, HIL, and Road Data

HIL TEST ROAD TEST
SIMULATION FUNCTIONAL TEST PLAYBACK DATA RECORDING

JLR Test Coverage Model
?2?7 % ?2?7 % ?2?7 %

Testing Scenarios Testing Scenarios Testing Scenarios
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Example Assessment of Customer’s V&V Capability

Virtual

Pre-
develo

pment Concept of

Operations

N}
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o System
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< - - — — - Jalidating the System _

Specification

High-Level
Design

< _Verifyingthe_ 5

Testing

Units/Devices

Sub-systems

Software/Hardware Development

Physical/Field

Acceptance
Testing

Testing

Sub-systems
Testing
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>> Implementation >>

The goal is to optimise the balance of test across the grid



Example Assessment of Customer’s V&V Workflow

Plan the tests Develop the tests

Determine the Formulate Plan the

Automate
requirements the test test Create the Plan the testing

on the device strategy coverage test system test cases ks

Initiate the tests ¥V Get the data

Retrieve the
—> —> JOEIEE Il —
from the tests

Process the Clean the Transform
data the data

Analyze the data \4

Use the data
Detect

Interpret the deficiencies

Report the
Characteriz deficiencies
e the device to
stakeholders

Test fixes to
the
deficiencies

Explore the
data in the
device

data

Conclude

the tests
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HIGH LEVEL MBPE PROCESS

JLR — Electrical / Powertrain?

«Internal Standards for Model & Software V&V

. Vinw  SemiVitwa
New Feature or
Requirement

v HIL Level §

elopment

MIL

Model In the Loop

|

SIL

End of line
Software In the Loop

vehicle test
ViL
Vehicle In the Loop

Vehicle Level

L Level 4
System Level
HIL Level 3
Component Level
Software /| Component Developm

HIGH LEVEL TEST PROCESS

4 Rig development
Test strategy t‘ﬁ? Test script i—iﬁfl
*
Test strategy
= Test cases written
Test case in RM
SYSTEM INTEGRATION TESTING TOOL WORK FLOW
Requirements Management
v

—> Test Automation
Test Management —

dSPACE
Automa}ionDesk

L

¥ v
WM dSPACE -.
VeriStand
A
Synect

ContrngEsk
A 4
VITAL & VIL Platforms

<
(B2

Logs, Reports
and defects

LAND~
~ROVER



Coffee Break & Demos

- Signal Level Inverter HIL Test System

= NI PXIl, FPGA HW and VeriStand to run motor and
inverter models in real time at high loop rates
~200MHz

= NI HIL with CarMaker — Adaptive Cruise Test

- See NI VeriStand and CarMaker linked to perform
closed loop control to test Adaptive Cruse SW.

- Mixed Supplier HIL systems

- How to use NI HIL along side 3 part HIL systems
using the ASAM XIL API.
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