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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 in 

conjunction with the hardware, like timing or fault reactions.

Software is the 

Device Under Test

Software is deployed 

onto a prototype UUT

Test system tricks the control 

board into thinking it’s deployed 

in the real world while also 

creating test scenarios

Real-time models run on the 

test system and simulate the 

environment the controller 

would experience in the field



Task Workflow

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.

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. 

Existing Strengths of NI Platform

• Flexible and scalable software

• Configurable framework for I/O, alarming, fault insertion, 

UI creation, and bus communication

• Extensibility to 3rd party models

• Adaptability to changing requirements

Gaps to be Addressed with Roadmap

• Model integration and reuse

• Automation and sequencing

• System debugging

• Security

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 VeriStand and the 

LabVIEW+ Suite of software.

Embedded Software Test

Configure & 
Map

Test & 
Bring Up

Automate & 
Execute

Engineer 

Profile

Application 

Profile

Validation

Systems



LabVIEW

TestStand

InstrumentStudio

FlexLogger VeriStand

DIAdem

SystemLink

Evolving NI Test Software
Enable Automated Test & Measurement Professionals

Strengthen LabVIEW

Connect LabVIEW+

Build Community

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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Quickly Configure Systems

Configure I/O channels, alarming, data logging, stimulus generation, fault insertion, user 

interfaces and bus communications

Customizability

Adapt to changing requirements with an extensible software environment. 

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

Model Integration

Integrate plant and controller models from Simulink and other 3rd party modeling 

environments adhering to the FMI standard

Ready to Run Software for HIL  

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

Validates hardware and performs embedded software test for HIL with model 

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

With LabVIEW to develop plugins to extend your 

test system with additional functionality
With TestStand to build libraries of test 

steps for higher level orchestration

With your test infrastructure and IP 

to maximize reuse

Connect VeriStand

Test Automation

Use test sequences and scripting to configure, orchestrate systems through 

TestStand, .NET APIs, Python, and ASAM XIL and integrate with CI/CD workflows



IP Integration and 

Bring Up
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Model Based Development

Prototype Software and Controller Test 
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Simulated

controller
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Simulated

plant

DUT TEST RIG

Design

HIL, Functional Test, etc.

Software in 

the Loop

Signal Level

Hardware in the Loop (HIL)

Model in 

the Loop

MODELS

CONTROLS ENGINEER TEST ENGINEER
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HIL Automation Framework

Host PC

Real-Time Engine

Hardware I/O



INTERNAL - NI CONFIDENTIAL

Real-Time Modeling Environment Support

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

https://fmi-standard.org/tools/
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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
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Extending VeriStand with Custom Devices

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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Synopsys Confidential Information

Simple HIL System Definition



Manual Validation
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HIL Automation Framework

Host PC

Real-Time Engine

Hardware I/O

Data Reporting
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VeriStand Engine Architecture
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Common VeriStand Setup

Hardware-in-the-Loop Test

Controller

Ethernet TCP/IP

Windows Computer

Real-Time Software Engine

Stimulus
Logging and

Analysis

Plant Model

Simulated or Real



SIL/HIL Demo



High Performance 

Model Integration
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HIL Automation Framework

Host PC

Real-Time Engine

Hardware I/O

Data Reporting
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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 



ni.com

HDL Coder Support Package for NI FPGA Hardware



HIL with FPGA 
Demo



Automate Test 

Cases
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HIL Automation Framework

Host PC

Real-Time Engine

Test Executive

Hardware I/O

Additional Software Integration

Data Reporting



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

Control Tuning

I/O Validation

Fault Handling

State Machines Thermal Management

Parameter Variation

Performance Mapping Sensor Failure

Control Performance Analysis Control Stability Analysis

DUT Bring-Up Safe Operating Regions



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 DUTs 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



TestStand 
Automation Demo



Create a CI/CD 

Workflow
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Automation - Technical Workflow

• CI Demo 

Models
VeriStand

Project

System 

Definition 

file

Tests

Data

Bus DB

DUT

Metadata

Aliases
Custom 

Device

Default 

project

Run tests

VeriStand

MIL

SIL

HIL

Data files Run tests

Scripts

Model Ok

BuildCode Test

Commit

Repo
Trigger 
build
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SystemLink Enterprise Overview

Specification Compliance
Elaborate requirements into engineering specifications 

to drive test consistency, quickly discover product 

issues, and track test progress.

Analysis Automation & Reporting
Fully integrated Jupyter Notebook development 

environment to create Python scripts to extract, 

transform, and analyze data.

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

schedule, deploy, and remotely execute tests.

Asset Traceability & Utilization
Automatic asset tracking for NI and 3rd party LXI, 

USB-TMC, GPIB instruments to maximize utilization 

and optimize spend.

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.

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.

Specify

Plan

Schedule

Configure

ExecuteMonitor

Collect

Analyze

Report

Powered by SystemLink

SystemLink  streamlines lab operations and amplifies engineering insights as an 

integrated, scalable, enterprise solution.
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Specification Compliance
• Central repository for specifications

• Connect to and analyze measurements from across the product lifecycle

• Specification compliance and coverage reporting

• Custom measurement & specification analysis. 
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Simulation

Files from:

Cadence

Synopsis

Internal Simulators

etc.

Validation

LabVIEW 

TestStand

FlexLogger

Etc.

Production

Fils from:

NI STS

NI Optimal Plus

Teradyne

Advantest

Product 

Requirements

•Requirements 

Frameworks 
• (DOORS, Jama, Etc.)

•Excel

•Other File Formats

Central Product 

Specification 

Repository

Documentation

•Excel

•Word

•PDF

•Other Formats

SystemLink Data Management



Q & A


	Connect Title + Divider Slides
	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5: Embedded Software Test
	Slide 6
	Slide 7
	Slide 8
	Slide 9: Model Based Development
	Slide 10: HIL Automation Framework
	Slide 11: Real-Time Modeling Environment Support
	Slide 12: VeriStand Model Generation Support
	Slide 13: Extending VeriStand with Custom Devices
	Slide 14: Simple HIL System Definition
	Slide 15
	Slide 16: HIL Automation Framework
	Slide 17: VeriStand Engine Architecture
	Slide 18: Common VeriStand Setup
	Slide 19: SIL/HIL Demo
	Slide 20
	Slide 21: HIL Automation Framework
	Slide 22: FPGA Integration
	Slide 23: HDL Coder Support Package for NI FPGA Hardware
	Slide 24: HIL with FPGA Demo
	Slide 25
	Slide 26: HIL Automation Framework
	Slide 27: Testing Enabled Through HIL
	Slide 28: Reasons to Automate
	Slide 29: Early Access: VeriStand Steps for TestStand
	Slide 30: TestStand Automation Demo
	Slide 31
	Slide 32: Automation - Technical Workflow
	Slide 33: SystemLink Enterprise Overview
	Slide 34: Specification Compliance
	Slide 35: Q & A


