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Session Agenda

What is HIL?
NI Software Strategy

Phases of HIL

* IP Integration and Bring Up: LabVIEW + VeriStand + Simulink
« Manual Validation: VeriStand

* High Performance Model Integration: LabVIEW FPGA

» Automate Test Cases: TestStand

* Create a CI/CD Workflow: SystemLink or Python
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What is Hardware in the Loop Testing (HIL)?

Testing embedded software deployed onto a Unit Under Test to uncover software defects Iin
conjunction with the hardware, like timing or fault reactions.

s Real-time models run on the
d test system and simulate the

environment the controller
would experience in the field

4+

MATLAB
SIMULINK®

Software is the
Device Under Test

Test system tricks the control
board into thinking it's deployed
in the real world while also
creating test scenarios

Software is deployed
onto a prototype UUT
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Validation
Systems

Embedded Software Test

Verify software functionality in a range

of conditions not easily created or replicated in :
the real world. NI recommends Real-Time o \
PXI & DAQ hardware with VeriStand and the

LabVIEW+ Suite of software.

Responsible for testing deployed software to
uncover software defects over a wide range Application
of parameter variations. Challenged by test
case complexity, disparate IP integration and
diversity of 1/O.

Engineer
Profile

Profile

Task Workflow Existing Strengths of NI Platform \
» Flexible and scalable software = |
Configure & Configure hardware = Import & configure « Configurable framework for I/O, alarming, fault insertion, /
Map ‘ models - Map model to DUT signals. Ul creation, and bus communication

« Extensibility to 3 party models
» Adaptability to changing requirements

Test & Intera_\ctively deploy - V_erify test functionality
Bring Up = Bring up DUT and validate manually. Gaps to be Addressed with Roadmap
* Model integration and reuse
: : « Automation and sequencin
Automate & Create library of tests - Build Sequences S G dEEE g g
Execute - Integrate test system into larger y 9ging

ecosystem - Monitor and debug. * Security
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Evolving NI Test Software

Enable Automated Test & Measurement Professionals

m o m
InstrumentStudio DIAdem

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
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M\ VeriStand

Validates hardware and performs embedded software test for HIL with model

integration, real-time stimulus generation, and an extensible software environment. o S T

=\ nn Ready to Run Software for HIL § |

Create, deploy, and leverage closed loop control on Linux RT for hardware-in-the-loop systems : AN
i ,I.. I; " = — [ e Spes 1516
Quickly Configure Systems A - Do =™ e
@ Configure 1/0O channels, alarming, data logging, stimulus generation, fault insertion, user o N |
@ interfaces and bus communications E Ty
L

Model Integration t u | s

@ Integrate plant and controller models from Simulink and other 3 party modeling - e “
environments adhering to the FMI standard * il

—— Customizability TR AR AT R

—e— Adapt to changing requirements with an extensible software environment.

- Build plug-ins for 3rd party hardware and additional measurement types
Test Automation

ﬁ Use test sequences and scripting to configure, orchestrate systems through IR = _
—H TestStand, .NET APIs, Python, and ASAM XIL and integrate with CI/CD workflows r
Connect VeriStand
With LabVIEW to develop plugins to extend your V With TestStand to build libraries of test N With your test infrastructure and IP
test system with additional functionality steps for higher level orchestration N to maximize reuse
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Model Based Development

&

MODELS
CONTROLS ENGINEER
Model in Software in
the Loop

TEST ENGINEER
the Loop
Design

Prototype

Software and Controller Test

HIL, Functional Test, etc.
oF
BL &4 C° B
Simulated Simulated
c

—O
ontroller plant

ﬁ
FPGA MOTOR DUT TEST RIG
@— B o— Y —
/ /
controller plant controller plant
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HIL Automation Framework

INTERNAL - NI CONFIDENTIAL

Host PC

I

Real-Time Engine

Vig
¢

Hardware 1/0O
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Real-Time Modeling Environment

MathWorks 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

INTERNAL - NI CONFIDENTIAL

Support

4 La D
F
4 @ Default Project 36
4 9 Targets +*

i Controller

AZ Mliases |E

» Execution.Model Command
Execution.Model Time »
Execution.Model Status »
Execution.Time Step Duration »

Out%rts.oul[ »

* Behavior

Path
C\.\testymodel 1\modell vsmodel

Reload model
Initial state © Running
Paused
Decimation 1
Rate [Hz] 100

Auto select decimation

Madel processor | Automatic

Artay ports © Segment into scalars

Maintain as array
Import parameters..

Import signals...

Software =, «
7 X e fF A I
Acceleration  Average  Conditiona Formula Lowpass
Filter
Simulation Model
Contai modéls, and ex der
of the models, you created in any
supported modeling environ
Press F1 for more help
¥ Behavior
[ Path
modell \ \
| Sirmulation Model €\ \testymodel 1ymodell wsmodel

* Execution.Model Command
Execution.Madel Time »
Execution.Madel Status »
Execution.Time Step Duration »
Outports.Outl »
W

Reload model
Initial state © Running
Paused
a
Decimation 1
-
Rate [Hz] 100

Auto select decimation

Model processor Automatic A

Asray ports © Segment into scalars

Maintain as array
Import parameters...

Import signals...

4
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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
+ Subsequent releases 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 ¥ untitid - Simulink third party support use an < IR =8
Updates® Get Add-Ons sl DEBUG FORMAT HARDVGRE 5

Name Type Author Install Date
‘]“ Simscape Electrical version 7.4 (13 days remaining on trial) <4 MathWorks Product 21 January 2022 —
mal
'a Simscape version 5.0 (13 days remaining on trial) 1Jan 2
“ o STEP BY STEP COMMANDS
‘?~ Simulink Coder version 9.4 (13 days remaining on tria! J ry 202
= & H
minowwes  MATLAB Support for MinGW-w64 C/C++ Compiler version 20.2.0 January 202 s
G L)
n VeriStand Model Generation Support version 1.0.0.132 NI 5 January 2022
AT Simulink version 10.2 (13 days remaining on trial) January 202
e
. N
| 8 MATLAB Compiler versic aining on trial) A Math uct 5 Jar 022
“ MATLAB Coder version 5.1 (13 days remaining on trial <4\ MathWorks Product 5 January 2022
Modk! Do [
nports/Odtports  Sgnals  Data Rores  States P—
HDL Coder version 3.17 (13 days remaining on trial) 4 MathWorks Product 5 January 2022 i o > = ne
Design viiR e
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Extending VeriStand with Custom Devices

E_] System Explorer - Durability Tester.nivssdf*

File Edit Tools Help

= e Cantraller
+? System Channels
= &= Hardware
=l @ Chassis

? DAQ
o= D'ata Sharin

FPGA
FI-AMET

8 Timing and Senc

4

MO H | X X | & @A
= - Durability Tester
=% Targets Lambda Genesys Series DC Pown

= 0 Custom Devices

= 3 Inputs
= P& _ Current Limit
= P35 Output Enable
= P& Valtage Limit
= Outputs
= P5_Current Sense
= PS5 Fault Sense
= PS5 _Made Sense
= PS5 Output Sense
= P35 Voltage Sense

= ’ Lambda Genesys DC Power Supply

Mame

Lambela Genesys DC Power &

Description

il Simulation Maodels

i User Channels

INTERNAL - NI CONFIDENTIAL

Device Settings

VISA Resource
PrILl: L3:IMSTR

As part of the integration and bring up
process, Custom Devices can be built
to extend VeriStand to interface with

units under test.

Use VeriStand real-time plugins to add
custom functionality to VeriStand

applications such as:

Instrument interfaces
Third-party hardware support

User-defined tasks

&
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Simple HIL System Definition

» Execution.Model Command

Execution.Model Time »
ﬂl DAQ1 Execution.Model Status »
Execution.Time Step Duration »
Analog Input.AIl1 » » Inports.Voltage
Output » » Analog Output.AQO » Inports.Load Torque
Reference Speed » | » Analog Output.AD1 Outports.Current »
> Ki

» Kp

Outports.Speed »

DC_intermediate »

Output »

» Ref Speed

Speed »
Current »
» Load Torgue

Motor controller (DUT)

B ; <
=1 -
B & PE-g ’-=
e o =
o 8 —" ¥ - o -~
) 3 /e O =
= L a4 =

A

od
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HIL Automation Framework

Host PC

Data Reporting

I

Real-Time Engine

Vig
:

Hardware 1/0O

o)
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VeriStand Engine Architecture

INTERNAL - NI CONFIDENTIAL

Primary Control Loop

Inline Custom
Devices

FIFOs

FIFOs

FIFOs

FIFO

]
mEeEIE

Model Execution Loop(s)

s

—— \ 4

Custom Device Loop(s)

Asynchronous
Custom Devices

o447

Waveform Processing Loop

a
Queues

\ 4

DAQmx Waveform Producer Loop(s) T

o4did

\ 4

Data Processing Loop

Send Receive

L Model
Interface

a

Communication Loops

FIFO Low Speed I/O Loops

s
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Common VeriStand Setup

Windows Computer Hardware-in-the-Loop Test

Plant Model < » Controller

Ethernet TCP/IP 1
4 : i

T Logging and

Analysis

]

Stimulus

Real-Time Software Engine

&
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SIL/HIL Demo
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HIL Automation Framework

Host PC

Data Reporting

I

Real-Time Engine

Vig
:

Hardware 1/0O

o)
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FPGA Integration

FPGA Addon Custom Device ships
natively with VeriStand

Handles low level communication
between the Primary Control Loop and
the FPGA

Limited to NI FPGA hardware

INTERNAL - NI CONFIDENTIAL

[=) ()} Controller
[+ = Hardware
= P Custom Devices
5

# = Scalars

[ nip) Waveforms
[* Simulation Models
* User Channels
Jx Calculated Channels

!’! Alarms
Procedures
g XNET Databases
[# §2 System Channels
[ AS Aliases
44 Scales
== System Mappings
.1y Data Sharing Network
H3 System Initialization

System Explorer - Demo_FPGA.nivssdf — O x
File Edit Tools Help
RS H % X # B
= i@l Demo_FPGA
5 Targets FPGA Addon i

_______________________________________________________________________________________________________________|]
This add-on allows the user to run an FPGA bitfile without needing to implement the VeriStand FFGA Template.
The only requirement to the FPGA code is an IRQ (address of 30) to control when the FPGA bitfile starts.

A quick start document provides an overview of the addon capabilities. It is located at:

"%%Public®:\Documents\National Instruments\NI VeriStand (Year)\Custom Devices\FPGA Addon\Windows\Quick
Start Documentation\FPGA Addon Quick Start Guide.md"

Most of the addon sections contain additional built-in documentation.

The supported basic scalar data types are:

v
a Ranl
Addon Settings
Name Description
FPGA Addon A
Version
3.21 v

FPGA Settings

Bitfile path
C:\Users\nitest\Documents\NI Connect\HDL_Subsystem.lvbitx

P

RIO Device
RIOO Q4

O Scalars Grouped?

&
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File Edit Ru 1elp

Finds Ve

v @ HDL Workflow Advisar

v @ 1.5t Target
E #1.1. Set Target Device and Synthesis Tool
[=] #12. Set Target Reference Design
5] 1.3, Set Target Interface
[E5] 14, Set Model Clock Freguency

hd L_@ 2. Prepare Model For HDL Code Generation
=] 21. Check Model Settings

v (@ 3.HDL Code Generation
[EE] 3.1. Set HOL Options
El A32. Generate RTL Code and Testbench

1.1. Set Target Device and Synthesis Tool
Analysis (~Triggers Update Diagram)
Set Target Device and Synthesis Tool for HDL code generation
Input Parameters
Target workflow: NI FPGA Bitfile Generation

Target platform: | PXIe-7868R

tool: NI LabVIEW ~  Tool version: | 2019
Family: | Kintex? ~  Device: | xcTk325t
Package: fhgf76 | Speed: -1

Allow unsupported version

@ *12.5et Target Reference Design
@ 713.5et Target Interface
O 1A. Set Target Frequency NI
v Q 2. Prepare Model For HDL Code Generation
@ 2.1.Check Model Settings
s 4 o 3. HDL Code Generation
@ 3.1. et HOL Options
° A32. Generate RTL Code and Testbench

ni.com

Target platform interface table

Port Name Port Type Data Type Target Platform Interfaces

In Inport uint8 < v
| out1 Outport  uint16 Connector1/DIO22 "
Connector1/DIO23
Connector1/DIO24
Connector1/DIO25
Connector1/DIO26
Connector1/DI027

) us

Response

Sy2iem
of Device
Under Test

Interface Mapping

Interface Options

]
]

weisis ugesndo

v (@ 4.Create and Compile Project Project folder: |hdl_pri | [ Browse..
|2 4. select Compile Server
[E5] 42. set Compile Options |I!mTh¢Tadt‘
] 43. Generate Froject
=] 44. Compile Project Result: @ Mot Run
Click Run This Task
(9 HDL Workflow Advisor - untitled/LUT_BlockRAM_ReadOnly — o X
File Edit Run Help
o L
1.3. Set Target Interface
v O HDL Workflow Advisor Analysis (~Triggers Update Diagram) “
v @ 1.Set Target
Set target interface for HOL code generation
@ ~1.1.Set Target Device and Synthesis Tool
Input Parameters

wogeInNed

aemyos voneascdicy

HDL Coder Support Package for NI FPGA Hardware

K2 system Expiorer - Default Project SS.nivssdf - o x
File Edt Tools Help
m tj H a» X £ E 1
o] %dm Project 55
= QY Targets A
. FPGA Addon
+ ®m Hardware This add-on allows the user to run an FPGA bitfile without needing to implement the VeriStand FPGA Template.
5 P Custom Devices The only requirement to the FPGA code is an IRQ (address of 30) to control when the FPGA bitfile starts.
g s A quick start document provides an overview of the addon capabiities. It is located at:
5 4 Wakiforms
+ Simulation Models "% Public%\Ds Inst: VenStand (Year)\Custom O GA Quirck
User Channels Start Documentation\FPGA Addon Quick Start Guide.md"
Calculated Channels
Alarms. Most of the addon sections contain additional built-in documentation.
Procedures
XNET Databases The supported basic scalar data types are:
537 System Channels i
A3 Aliases S B
“d Scales .
¥ System Mappings ok e
&, Data Sharing Network
W3 System Indualization Name Description
FPGA Addon -
Version
321 v
Bitfile path
AU ODEL HOL_ Mowx | @
~~
~
RIO Device
RIOO Q
O Scalars Grouped?

Hardware

LoReINoe)

!
2
Lz
3
E

FPGA Based Approach



HIL with FPGA
Demo
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HIL Automation Framework

Test Executive > Data Reporting

A AV al
!

Host PC

! —  Additional Software Integration
Real-Time Engine

Vig
:

Hardware 1/0O

INTERNAL - NI CONFIDENTIAL
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Testing Enabled
Through HIL

Validate DUT performance over a wide range of
parameter variations to achieve full test coverage

Verify functionality in range of conditions, including
extreme environments not easily created or
replicated in the real world

Map test cases to requirements to ensure complete
test coverage

Perform regression tests with ease to quickly
validate design iterations



Reasons to Automate

Reduce engineering effort by creating a library of
tests to enable re-use across projects and teams.

Increase the test throughput by automating the HIL
system test with a purpose-built test executive.

Synthesize test execution, test data, and
requirement tracking to meet regulatory standards.

Extend HIL systems to test many different types of
devices, even when new DUTSs require changes to
the system definition.

Integrate HIL systems as part of a larger
ecosystem with technology from several vendors.

Present a custom, tailored application to the end
user that leverages VeriStand under the hood.



Early Access: VeriStand Steps for TestStand

File Edt View Execute Debug Configure Source Control Tools Window Help
K-> »mdHg ( )% 2@2 ?
Insertion Palette ¥ X [E]set Engine RPMseq+ X

Step Types *  Steps: Set Desired RPM and Wait For Actual RPM
N NET -] - Pa
= Tests STEP DESCRIPTION SETTINGS
N Pass/Fail Test - Setup (1)
“«IN Numeric Limit Test Specffies the VeriStand system definition to deploy with a relative path string expression
“.N Multiple Numeric Limit Test Deploy System Definition System Definition Path: @"VeriStand Project\VeriStand TestStand Steps....
.N String Value Test <End Group>
.N Action = Main (6)
: FTP Files Assigns the desired RPM value to a local variable
== Addtional Resutts X Statement Locals.DesiredRPM = 5000
& Sequence Call Tums the engine on and updates channel values to set the desired RPM.
Jx Statement £ Get/Set Channels 2 channels configured
= Property Loader Polls for the actual RPM value until reaching the desired value.
i Label *2 While Abs(Locals ActualRPM - Locals DesiredRPM) > 1
@ Message Popup * Reads the actual RPM
~N_ Call Executable : Get/Set Channels Read "Aliases/ActualRPM"
Flow Control Waits a set time interval before polling again.
# Synchronization - X Wait Timelnterval(0.25)
[+ Database O End
Data Streams <End Group>
LabVIEW Ukility = Cleanup (1)
(= NI VeriStand Undeploys the system definition.
B Launch VeriStand Project E% Undeolov Svstem Definition
" Degioy System Befion Step Settings for Get/Set Channels
B Undeploy System Defintion
Get/Set Channels B Get/Set Channels  Properties
| CHANNELS UNITS ACTION  CHANNEL VALUES
"Targets/Controller/Simulation Models/Models/Engine Demo/Inport... fX « Set v True

"Aliases/DesiredRPM" JSx & mm Set v Locals.DesiredRPM



TestStand
Automation Demo
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1
Automation - Technical Workflow

* Cl Demo Repo

Trigger
, O build
Commit —_— —_—
Azure Build
/‘ Pipeline (CI)

Code Build l Test

v
y
\

A
\ 4
A

Model Ok

»

Bus DB
DUT
Metadata
Aliases




SystemLink Enterprise Overview

SystemLink™ streamlines lab operations and amplifies engineering insights as an
Integrated, scalable, enterprise solution.

Specification Compliance

Elaborate requirements into engineering specifications
to drive test consistency, quickly discover product
Issues, and track test progress.

3
Analysis Automation & Reporting Powered by SystemLink
Fully integrated Jupyter Notebook development
environment to create Python scripts to extract,
transform, and analyze data.
2

Test Monitoring & Insights
Collect and view test results, files and parametric data;
filter data for additional insights and track KPIs with
dashboards and customizable analytics.

schedule, deploy, and remotely execute tests.

Work Orders & Test Plans
' ‘ a Track incoming test requests, define test requirements,

Systems & Asset Management

Manage and install software for your entire test fleet,
monitor test system health, and manage and track the
assets connected to your test systems.

Asset Traceability & Utilization

Automatic asset tracking for NI and 3rd party LXI,
USB-TMC, GPIB instruments to maximize utilization
and optimize spend.

&
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al Characteristics (60/400) &

Specification Compliance

Central repository for specifications

Connect to and analyze measurements from across the product lifecycle

Compliance Matrix

Specification compliance and coverage reporting

Custom measurement & specification analysis.

All Products

()]
=
t PXle-5413 r‘ll PXle-5162 PXle-5164 NI PXle-4136 NI PXle-4137
) : ) — 3 3 Product Documentation
Q. ® s % S 5 4 w3 Requirements
g Central Product *Excel
[+
PXle-4081 NI PXle-7821R NI PXI-2796 NI PXle-6570 NI PXle-6591R ° Req u | rements A A A N * Word
g Frameworks SpeCIflcatlon 7 «PDF
. . : *Other F t
E o : 3 . h . o) : 5 .E()I?((:)eCI)RS, Jama, Etc.) RepOS|t0ry er Formats
d>J +Other File Formats
° PXle-5764 PXle-7915 ??IPXIe-6375 NI PXle-8880 NI PXle-8881
(&)
SystemLink Data Management
Q) 4
-4 | | |
G_B Simulation Validation Production
c _ =
ERe =
i Files from:
(o] g}?r?c?;;z LabVIEW Fils from:
"5 ’ Internal Simulators TestStand NI .STS
etc. FlexLogger NI Optimal Plus
,'E Etc. Teradyne
= 3 Advantest
0 4
=) EMERSON I."




Q&A
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