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Evolving NI Test Software

Enable Automated Test & Measurement Professionals

m - m
InstrumentStudio DIAdem

E LabVIEW
FlexLogger VeriStand
E 3 Build Community

SystemLink

1 Strengthen LabVIEW

2 Connect LabVIEW+

Deliver new capabilities in LabVIEW & NI Software to
meet the evolving requirements of applications and users

Bridge seamlessly between tools, tasks and teams to
accelerate the productivity of test professionals

Engage and collaborate with the community to empower
their continued success with

—
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Embedded Software Test | Validation Systems

Engineer

Profile

Task Workflow

Configure &
Map

Test& ‘
Bring Up

Automate &
Execute

Responsible for testing deployed software to
uncover software defects over a wide range
of parameter variations. Challenged by test
case complexity, disparate IP

integration and diversity of I/O.

Configure hardware - Import & configure
models = Map model to DUT signals.

Interactively deploy - Verify test functionality
—> Bring up DUT and validate manually.

Create library of tests - Build Sequences
- Integrate test system into larger
ecosystem > Monitor and debug

Verify software functionality in a range of
conditions not easily created or replicated in
the real world. NI recommends Real-

Time PXI & DAQ hardware with the
LabVIEW+ Suite of software.

Application

Profile

Existing Strengths of NI Platform

* Flexible and scalable software -
» Configurable framework for 1/O, alarming, fault insertion, -

Ul creation, and bus communication
« Extensibility to 3@ party models
» Adaptability to changing requirements

Gaps to be Addressed with Roadmap

» Model integration and reuse
« Automation and sequencing
« System debugging

« Security

——
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A\ \VeriStand

Validates hardware and performs embedded software test for HIL with model
integration, real-time stimulus generation, and an extensible software environment.

—
eriStand D - Wit 2021 k3
file Edit Cpemte View Hep
« B3 n A | @ conneae Maching rivis com | Manal lnter e rivcer = * | P ML ta HILnivesers * § WiSion Domounivesdt - connected " (4

;f o'
=5 i Veristand Demo - PMISM Machine simulation
=\ nn Ready to Run Software for HIL ¥ | [
Create, deploy, and leverage closed loop control on Linux RT for hardware-in-the-loop systems : AN
~ Al IIESEREREY froeres
Quickly Configure Systems % S} U
@ Configure I1/0O channels, alarming, data logging, stimulus generation, fault insertion, user L N | F
@ interfaces and bus communications E | Ty
=
Model Integration T - n | s
@ Integrate plant and controller models from Simulink and other 3" party modeling - \ Cltatarrnt
environments adhering to the FMI standard i TP PP,
P Customizability
—e— Adapt to changing requirements with an extensible software environment.
_._

Build plug-ins for 3rd party hardware and additional measurementtypes

Test Automation
ﬁ Use test sequences and scripting to configure, orchestrate systems through
—= TestStand, .NET APIs, Python, and ASAM XIL and integrate with CI/CD workflows
Connect VeriStand
With LabVIEWto develop plugins to extend your V With TestStand to build libraries of test AN Withyour testinfrastructureand IP
test system with additional functionality steps for higher level orchestration N to maximize reuse
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A VeriStand

Accelerate Embedded Software Testing

LYE
L d

RN Eo=z L0y XL |[*

3
=

VeriStand Demo - PMSM Machine Simulation

Man Panel | Debug Panel

Machinenovsscr* | B3 Manust Interfacenvasce * o HIL

Ready to Run Software for HIL

Create, deploy, and leverage closed loop control on Linux RT for hardware-in-the-
loop systems.

Quickly Configure Systems

Configure 1/O channels, alarming, data logging, stimulus generation, fault insertion,
user interfaces and bus communications.

Model Integration

Integrate plant and controller models from Simulink and other 3rd party modeling
environments adhering to FMI standard.

Customizability

Adapt to changing requirements with an extensible software environment. Build plug-
ins for 3rd party hardware and additional measurement types.

Test Automation

Use test sequences and scripting to configure, orchestrate systems through .NET
APIs, Python, and ASAM XIL and integrate with CI/CD workflows.

s
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VeriStand Components

e G

e ome I Use Host PC to Create Ul, Import
- ' Models, and Configure System

OB D= LDy NE |+
.

Automate Data Logging
and Test Sequences

Integrate Optional FPGA for
Nanosecond Control and
Importing VHDL Models

/O and Bus Protocols

Real Time CPU and
Model Execution

/O Stimulus

Embedded Software Testing and
Stimuli Response

Device Under Test .

&
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Model Based Development

&

MODELS
CONTROLS ENGINEER TEST ENGINEER
Model in Software in
the Loop the Loop
Design Prototype Software and Controller Test
HIL, Functional Test, etc.

Simulated Simulated
controller plant

AN
/

AN
/

L

{é} —

FPGA MOTOR

co) g Po)

Prototype Real
controller plant

)
DUT

TESTRIG

- 0— [E1— I3

Real
controller

Simulated
plant
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Real-Time Modeling Environment Support

MathW orks Simulink® Software
LabVIEW

C/C++

FMI 2.0/3.0 CoSimulation Support
* AVL Boost

- FMU SDK

+ Wolfram SystemModeler
+ MapleSim

- Altair Activate

And Can Support More Here

¥ Behavior
T Path
model L N T r—— —
/|~ p __E Simulation Model G\ Atestymodel 1\model1 vsmodel
4 @ Default Project 36 > E“““""é‘;‘g“(":ﬂfﬂ:‘;'}‘fw . Reload model
4 D Targets * Execution.Model Status » - :
il Controller Execution. Time Step Duration » Initial state © Running
AL Aliases | — out%rts.ouu » ot
Saftware =y
[ Decimation 1
a 7 X © § K sl
———
Acceleration  Average  Conditiona Formula Auto select decimation
Model processor Automatic
Simulation Model
Contains the models, and exe
of the models, you created in any
supported modeling environment. Array ports © Segment into scalars
Maintain as array
Press F1 for more help
Import parameters...
Import signals...
* Behavior
[ Path
model 1 \
| Simulation Model . ydel Tymodell vs model
* Execution.Model Command Rel
oad model
Execution.Model Time »
Execution.Model Status » - o )
Execution. Time Step Duration » Initial state Running
Outports.Outl » Paused
L L]
) =
Decimation =
Rate [Hz] 100

Auto select decimation

Model processor Automatic

Array ports © Segment into scalars

Maintain as array
Import parameters...

Impaort signals...

&
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https://fmi-standard.org/tools/

VeriStand Model Generation Support

New Simulink toolbox for CPU model integration

VeriStand 2021 supports new model type: .vsmodels
» Addresses difficulty of getting started, compilation, supporting toolkits, and supporting new versions
« Subsequentreleases through 2022 and 2023 expand support, including:

— External Mode: from Simulink, visualize and debug execution of model executing in VeriStand

— Import Simulink signals as channels into VeriStand
4 ¥ untitied - Simulink third party support use ] < -U { @& -0 @]

Name Type Author Install Date

"Is Simscape Electrical version 7.4 (13 days remaining on trial) 4\ MathWorks Product 21 January 2022

'a Simscape version 5.0 (13 days remaining on trial

:,_:? Simulink Coder version 9.4 (13 days remaining on tra January 202
mincwwes  MATLAB Support for MinGW-w64 C/C++ Compiler version 20.2.0 Ji ry 202
n VeriStand Model Generation Support version 1.0.0.132 Toolbox NI 5 January 2022
2022

7 Simulink version 10.2 (13 days remaining on tria 4\ MathWorks Product
=N

| MATLAB Compiler versic

aining on tria s Product
“ MATLAB Coder version 5.1 (13 days remaining on trial <4 MathWorks Product

HDL Coder version 3.17 (13 days remaining on trial) <4\ MathWorks Product 5 January 2022
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VeriStand Channel Mapping

Channel mappings allow you to transfer data between channels and are processed by the PCL

Analog Input

DAQ Channel

Source

—>AI@—|

Setpoint =—>

> Current Value —»

a

Example

Simple Closed

Loop Control
Model

Destination

—> Command —

Analog Output

DAQ Channel
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More info on Mapping

2 vECU Demo - VeriStand 2024 Q1
File Edit Operate View Help

< m =l R A @
E= 4, 9 X} conigwe. ¥ Ff
v| P P
4 @ vECU Demo
4 Y Targets *
4\ Controlier |
I (@ Custom Devices
I Ml Simulation Models .
4 @ User Channels
 EngineOn
# Lightintensity |'|'|
¥ LightSwitch
Alarms
I 37 System Channels
A3 Aliases

| % 0mappings | 4 unmapped channels 1 item selected

|H VECU Demonivssd! I vECU Demonivsser ~ +

» Execution.Model Command

vcom
Custom Device

» CANNIXnet_TX_Peer.ECM.ECM_ACC_E2E_PR2.ECM_CGW_RPM

>

[x

.

100% w

'I'II' Name Test

Type  ECU Network Cluster
¥ Behavior
Reload model |

Initial state © Running

¥ ECU network cluster configuration

Cluster configuration path :
C\Users\nitest\Documents\Testnivsecunw ||,

Custername | SVB_Can 0 |

Time step (s) _ 0001 '3

Protocol | can v]
1/0 mode CAN Standard 'l

Baud rate | 1.00 MBaud v]
XNET

XNET interface | CAN3 |
Virtual ECU

Toolchain | Silver vl

Virtual ECUs
LightControl, LightSwitch ‘

2 Output mmmmlunaaNnmmmmg« Emors and Wamings
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CPU Model Demo
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Choosing the Right Approach

Inputs

]
]

~200 us
Response

System

or Device
Under Test

alempleH

wa)sAs Bunelsado
IdV JeAL(Q

[
[

Outputs

Processor Based Approach

uone|nolen

alem)jos uoneslddy

Hardware
Inputs

~25 ns
Response

System

or Device
Under Test

uone[nojen

>

e
‘g -g
@ 0
o = 3
o = 0
- (@]
Q @ 35
& = &
3 A 2
(0]
= )

D

Outputs

FPGA Based Approach

A\
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HDL Coder Support Package for NI Hardware

HDL Code A4 VeriStand

Find: Vi
1.1. Set Target Device and Synthesis Tool

v ° HDL Workfiow Advisor

Analysis (“Triggers Update Diagram) -~
* a Loe B Set Target Device and Synthesis Tool for HOL code ration
| s or gener
i *1.1. Set Target Device and Synthesis Tool | "
E5] ~12. Set Target Reference Design e —— + [ system Expiorer - Detan Project S5.nvsset - o x
S *13. 58t Target intertace Target workfiow: | N FPGA Bitfile v | e ©dt Took Melp
L2 1.4 Set Mode! Clock Frequency Target platform:  PXle-7868R ot Liunch Boord Mareger ROH A X nNE
v U 2 Prepare Mode! For HDL Code Generation D Ocfaunt Project 53
Synthesis took: NI LabVIEW version: 2019 allow unsupported version Refresh ~
2 21 Check Mode: Settings took: (M w) Yool Bloass llow unepported vers ‘::z“' FPGA Addon
v T 3.HDL Code Generation Family: Kates? ¥ Device: SRSt £ 88 Hardware Thes add-on alows the user 10 run an FRGA bafls without needing 19 wrglement the VenStand FRGA Temglate
B 1. Set MDL Options P Custom Devaces The only regurement to the FPGA code is an IRQ (address of 30) to contral whan the FPGA bitfile starts.
.J *32. Generate RTL Code and Testbench y o L o- :::‘ A quick stant document provides an overview of the addon capebrimes. t & located ot
2 [ o
v G 4 Create and Compile Project Project folder: ) Browse... » Ml vmsaicn Meden "W Pubic®s \Documents \Natons! Instruments'\N! VeriStand (Year)\Custom Devices' fPGA Addon| Windows Quack
3] 4.1 Select Compite Server User Channels Srart Documentation FPGA Addon Quack Start Gude ma™
z Cotculated Chanmels
£ 42 Set Comprie Options Run This Task | Alsers Most of the 88d0n sectons cortan ddional bull-in Socumentsten
Procedures
= 43 Generate Project 5 YNET Dutabases The supported banc scalar dats types sre
& 24 Compite Proect Resudt: g Not Run £ 37 System Channels »
3 Ak P
. T e Mappings [ s siongn |
System
wly Data Shanng Network
WY System ntalzation Name Descrgtion
FPGA Adden -
Veruon
321 v
i e —— I —
Rle Eat Run  Melp
— Batde
L g C\Usert' Bderhaww' Decuments' PO Ventand MODEL 5\ hdic oder buckzonverter MOL_Subiytem Wbt -
1.3, Set Target Interface 3
v Workfion A
° HOL Workflow or 1 "
v @ 1 Set Target RO Devce
Set target interface for HOL code generation 00 Q
° A 1.1, Set Target Device ana Synthesis Took
Input Parameters
@ 1.2 Set Tacget Reterence Design n
Target platform interface table ) Scatens Grouped?
© 13 Set Target Intertace | i
© 14 Set Target Frequency N Port Name Port Type  Data Type Target Platform erta -1 intertace Ogticns
v ° 2 Prepare Mode! For DL Code Generation In Irport uintd [mm V]
@ 2.1 Check Mode! Settings ot Outport  wint1s | Connector!/DIO22 A
Connector1/DI023
v @ 3.HOL Code Generation Connector1/DIO24
© 1.1 Set HDL Options Conrector1/DIO2S

Connector 1/DIO26

32 ' n Test h
o 32 Genetate RTL Code and Testbenc ¢ o1 /DI027
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NI R&D Activities - HDL Coder Integration

Previous NI workflow for LabVIEW integration of HDL Coder z et
was not optimal and difficult for customers to use. e el
Following successful evaluation, NI collaborated with MathWorks to add a i — ST — T
new NI Workflow into HDL Coder Workflow Advisor ~—r— -—
Capability shipped in R2022b as a MATLAB Add-on; -
additional improvements in subsequentreleases o
MathWorks®  products  solutions  Academia  Support  Community  Events
File Exchange
n HDIQ_u Coder Support Package for NI FPGA Hardware
O O O ‘
I 4
R2022b R2023a - 23.0 Release R2023a, 2023b -
Ship NI Workflow in HDL Workflow Advisor « Expanded support for NI R-Series boards  23.5 and 24.0 Release
« Initial support NI R-Series HW « Usability improvements with HDL Coder * Added support for NI FlexRIO boards
and NI Workflow and Xilinx Ultrascale FPGAs

» Support interface type: Register & Board 1/O

: : : » Bug fi ility i
* Invoke NI LabVIEW for integration and FPGA synthesis ug fixes and usability improvements

with HDL Coder and NI Workflow

s

4\ Mathworks 1 emerson. | TR


https://knowledge.ni.com/KnowledgeArticleDetails?id=kA03q000000YFwDCAW&l=en-US
https://www.mathworks.com/matlabcentral/fileexchange/119173-hdlcoder-support-package-for-nifpga-hardware

FPGA Model Demo

S
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Virtual ECU
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Virtual ECU Layout

T Simulation Tasks e rneeatl
_evel 4 V-ECI
and Test Cases : - = “«—
_ ) Real ECU
A8 VeriStand (HIL / In-Vehicle)
(Lo #
simulated™™**==233 <1k . )
o smmma WOk (Not Common) BNl VeriStand
Level 1 V-ECI TR 5 K
ition Leve imulateél ------ i
nftWiI; (SIL Market Trend)
Level 0 V-ECU : e ’
on ller | )
: (SIL Market Trend)
signals s — P
+— n‘-\—ﬁ._; ;;,!__,,,‘:__'_J n
(Traditional SIL)
Benes i g )(MIL) Closeness to reality
N

APP (REAL) M REAL B SIMULATED

&

(Virtual ECU Whitepaper)

Vv
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https://www.prostep.org/fileadmin/downloads/WhitePaper_V-ECU_2020_05_04-EN.pdf

Virtual ECUs

VECUs
and Hybrid HIL
Validate VECU designs with existing test systems
and software Other real ECUs Real ECU
Connect simulated buses to real buses Application(s)
Run models on local RT Target or in cloud containers T

and connectto HILs -
Communication

OS/uc protocols

Seamlessly switch between virtual and real ECUs

/N

/O

(
] i

Real Test in the loop

in real time

s
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How Do We Make it Virtual?

Synopsys - Complete Multi Abstraction Virtual ECU Technologies

Full Virtual Software/Hardware Abstraction Enables Broadest Use Cases

Silver — Host Emulation vVECU
Broadest Most Productive VECU Support

Virtualizer — Target Binary vVECU
Broadest Semiconductor Model Library

Ecosystem Integration
OS & Semiconductor Models, Environment & Sensors, Vehicle Dynamics, Restbus simulation, software
Debuggers & Analysis Tools, Test Automation, CI/CD & Cloud

| [ 1 X
- - ! 1 1) (1T 1 1T ) T I I 1)
| /) O ]
l '...- T T T T
aaeen

Level O Level 1 Level 2 Level 3
Algorithm Application Level  Simulation Middleware Production

Model : Middleware

Software-in-the-Loop (SIL) —
Host Compiled

(1 1 ] 1 X
oPeee aoPeee
I J——
l_--.. aeees

_@_.e. asees

Level 4a Level 4b
Partial Binary Full Binary

Virtual Hardware & Virtual HIL —
Target Compiled

Physical
ECU

HIL

&
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Steps to Virtualize an ECU

MATLAB?®/Simulink® MATLAB®/Simulink® ISOLARB Silver VeriStand
ISOLAR A DaVinci Configuration System Desk Silver
DaVinci Dev EB Tresos Studio ISOLAREVE VEOS
System Desk
STEP1 STEP2 STEP3 STEP 4 STEPS
@ >

Virtualizing ECUs

&

emersoN. . T 11



Roadmap
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NI and MathWorks/Other Investment Roadmap

CPU Focused Investments:
* FMI 3.0 support— 2024 Q1 delivered
- Expanded data type supportin VeriStand — 2024 Q2, more in future releases
« Ease migration from other HIL vendors
— 1/O blocks in subsystems (Q2 released) and reference models
— Block parameter access
— Virtual bus support
— Access to all signals
» Simulink Test / VeriStand support
FPGA Focused Investments
» Ability to customize LabVIEW FPGA code around Simulink generated VHDL
— Additional hardware support
— Additional interfaces

— Custom LabVIEW FPGA algorithms on same FPGA module as Simulink generated VHDL

s
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Resources

Links for Downloads & Support

&
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Capability Shipped 2024 2025+
| cCapabity | Shipped | 2024 | 2025+

Model Integration

\/e rl Stan d R 0 ad m ap External Mode Support for CPU Models 2023
FMI 3.0 Support 2024
HDL Coder customization with LabVIEW
Block parameter import from Simulink™

Short-term product focus

Improvement for model import/reuse

Reduce time to market through automation and orchestration Connectivity with Simulink Test™ v
] ) . ) _ Automation
Streamline Integration with customer's ecosystems with easier reuse o
.- Improved Scripting APIs - Python and .NET 2023
of model assets and greater leverage existing test cases
VeriStand Steps for TestStand v
In-product sequencing v

Virtualization

Lon g -term Pro ductfocus Import/Run Virtual ECUs within VeriStand 2024

Simplify tasks within VeriStand for easier on onboarding Usability and Plugin Support

and reduced context switching Improved error handling & debugging tools
. . . Diagnostics for VeriStand execution v
Enable integrators to create more powerful plugins with foted y
. A Updat tom Devi ipting API
enhanced automation capabilities peafed T-Ustom Beviee seripting As
Automotive networks config simplification v
Ensure secure connectivity with other ecosystem components Communications bus template ease of use v

System Support

Improved loop rates for large systems 2023
Deployment workflow for Linux desktop v
Improvements to meet security standards v

Roadmap Date:
2024 Q2

Roadmap is a snapshotand can change based on a variety of

NEHIREEReEAlA QR | ReleseCalEmees QUETTEY factors, including developmentexecution and customer input.

s
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Sessions and demos of interest

Location/Time

Intro to Hardware in the Loop Test in NI Software Wed 11:30 AM

HIL Testing Fundamentals Wed 1:30 PM

SW Test Drive — What's new in VeriStand and SW/products expo area
HIL

HIL and Embedded Software Validation Demo ADG expo area

HIL for Anything (Aliaro) Transporation expo area
Traction Inverter HIL (OPAL-RT) Transporation expo area
ADAS/AD Data Replay and HIL Transporation expo area
Vehicle Communications Software Suite Transporation expo area
(Akkodis)

&
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NI is now part of Emerson.
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