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CHAPTER
ONE

INTRODUCTION

1.1 Introduction to Custom Devices

VeriStand is an open software environment you can use to configure real-time testing applications, including hardware-
in-the-loop (HIL) systems.

With VeriStand, you can complete the following objectives.
 Configure real-time input/output (I/O), stimulus profiles, data logging, alarming, and other tasks.

* Implement control algorithms or system simulations by importing models from a variety of software environ-
ments.

* Build test system interfaces quickly with a run-time editable user interface complete with ready-to-use tools.
For more information on VeriStand, refer to the NI Developer Zone tutorial What is NI VeriStand?

You can customize and extend the VeriStand environment with LabVIEW to meet application requirements. This
document provides the background, design decisions, and technical information required to understand and develop
custom devices in VeriStand.

Before you begin creating a custom device, you must understand the VeriStand Engine. For more information on the
VeriStand Engine refer to the VeriStand Manual.

1.1.1 What is a Custom Device?
While VeriStand provides most of the functionality required by a real-time testing application, the environment can be
customized to meet application requirements.

Custom devices are one way to extend VeriStand. For more ways to customize NI VeriStand, refer to the NI Developer
Zone tutorial Using LabVIEW and Other Software Environments with NI VeriStand.

Developers can use custom devices to dictate how VeriStand executes. Any LabVIEW callable code can be made into
a custom device. Custom devices allow customization to the operator interface within System Explorer.

Custom devices can display many different configuration experiences. This include simple controls on a VI front panel,
pop-up windows and silent routines to scrape the configuration from a database.

A custom device typically consists of an XML file and two VI libraries. The following chart displays the organizational
structure of a custom device LabVIEW project.



https://www.ni.com/en-us/shop/data-acquisition-and-control/application-software-for-data-acquisition-and-control-category/what-is-veristand.html
https://www.ni.com/documentation/en/veristand/latest/manual/vs-engine/
https://www.ni.com/ro-ro/innovations/white-papers/09/using-ni-veristand-with-other-software-environments-to-create-re.html
https://zone.ni.com/reference/en-XX/help/371361R-01/lvhowto/lv_file_extensions/
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The XML file tells VeriStand how to load, display, use and deploy the device. The VI Libraries define the behavior of
the device. One library is for configuration and the other is for the engine.

Custom devices can be created by NI, 3rd parties, and in-house developers. The developer builds the configuration and
engine library, and the XML file from Source Distributions in LabVIEW.

Most custom devices begin as a LabVIEW template project. The latest niveristand-custom-device-wizard release
scripts the template project based on user inputs. You can then modify the template project to fulfill the requirements
of the custom device.

A LabVIEW project is needed to build a custom device, but only the configuration library, engine library and XML
file are required to use the custom device in VeriStand.

After obtaining (or building himself) the custom device’s libraries, the operator places them in the VeriStand
<CommonData>\Custom Devices directory. This directory location varies with the host operating system.

1.1.2 Table of Directories and Aliases:

The following tables list paths to common VeriStand directories by operating system. The heading before each table
indicates how NI documentation refers to the directory. For directories with aliases listed, the alias is the text that
appears with a relative path in an API or XML file. This text defines the directory that the path is relative to.

<Common Datay | Alias: To Common Doc Dir
Windows <Public Documents>\National Instruments\NI VeriStand <xxxx>

<Application Data> | Alias: To Application Data Dir
Windows <Application Data>\National Instruments\VeriStand
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<Base> | Alias: To Base
Windows | <Program Files>\National Instruments\VeriStand <xxxx>

<Custom Device Engine Destination> | Alias: To Base
Linux c:\ni-rt\NIVeriStand\Custom Devices\<custom device name>\

Note: <xxxx> is the VeriStand version number.

VeriStand parses Common Data\Custom Devices for custom device XML files when it first launches. You must
restart VeriStand to recognize newly added or modified custom device XML files.

Add the custom device to the system definition in the configuration tree by navigating to System Definition » Targets
» Controller and right-clicking Custom Devices.
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Custom devices consist of three parts.
¢ Custom Device Framework
¢ Custom Code

¢ Custom Device XML File

1.1.3 Custom Device Framework

The custom device framework consists of type definitions, specifically named controls and indicators, template VIs
and a LabVIEW API. Together these items form the rules, or framework, that allows any conforming VI to interact
with VeriStand. There are several prebuilt types of custom devices. Almost any requirement can be accomplished by
adding or modifying code in one of the prebuilt devices.

The prebuilt devices start with the niveristand-custom-device-wizard. The developer specifies the type of custom device
before running the niveristand-custom-device-wizard. The wizard generates the LabVIEW Project for the new custom
device. The exact resources in the project depend on the type of custom device selected.

1.1. Introduction to Custom Devices 3
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The project is pre-populated with VIs, LabVIEW Libraries, an XML File, and two build specifications. These resources
provide the framework upon which almost all custom devices are built.

VeriStand evolved from NI Dynamic Test Software (NI-DTS). NI-DTS evolved from 3rd party intellectual property
(IP) called EASE. The IP made basic provisions for add-on LabVIEW code.

These provisions could be considered the first custom device framework on which several “custom devices” were built.
If you find a custom device that does not fit the niveristand-custom-device-wizard framework, you may be operating
an EASE based custom devices.

For each type of custom device in the LabVIEW source project, you will find the following.

e An NI VeriStand APIs virtual folder containing two VI libraries called Custom Device API.Ivlib and Custom
Device Utility Library.Wiib.

* A <Custom Device Name> VI library.
* A <Custom Device Name> Shared.lvlib VI library.
* A <Custom Device Name> System Explorer.lvlib V1 library.

The following image displays a new custom device template project.
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The Custom Device API library and Custom Device Utility Library contain most of the type definitions, template VIs
and LabVIEW API needed to interact with VeriStand data and timing resources. They allow the VI to behave as a
native task in the VeriStand Engine.

Note: Some of these VIs also appear on the LabVIEW palette in NI VeriStand » Custom Device API.

The API library contains the custom device’s configuration and real-time engine VIs. These correspond to the con-
figuration and engine VI libraries (LLBs). The front panel and block diagram of these VIs are populated with objects
from the Custom Device API libraries.
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1.1.4 Configuration

The custom device configuration defines how the operator adds and configures the custom device through a user inter-
face (UI). The Custom Device Template Tool provides the Initialization VIs for configuration purposes. You can add
more VIs during development.

When a custom device VI's front panel is presented to the operator in System Explorer, that VI is called a page. Pages
are a subset of the VIs that make up a custom device.

1.1.5 Initialization VI

The niveristand-custom-device-wizard adds the Initialization VI.vi. inside the Dinamically Called virtual folder of the
<Custom Device Name> System Explorer library. This VI runs in the background when the custom device is first added
to the system definition. The initialization page does not run again unless the operator removes and re-adds the custom
device.

While you may rename certain objects in the custom device’s LabVIEW Project, it’s important to understand the
ramifications of doing so. For example, the Initialization VI is referenced by name in the custom device XML file.

This file is generated when you first run the niveristand-custom-device-wizard. If you rename the Initialization VI after
running the wizard, you’ll need to manually change the path to the Initialization VI in the custom device XML file.

The Initialization Page runs each time a new instance of the same custom device is added to the system definition.
VeriStand retains state information for each instance of a custom device in the system definition (.nivssdf) file.

State is defined by the value of each control, indicator, and property of the page. The system definition is human-
readable XML, so you can open the file with a text editor.

Note: You can use the .NET API to programmatically modify the system definition.

1.1.6 Main Page

The niveristand-custom-device-wizard creates Main Page.vi inside Dynamically Called virtual folder of the <Custom
Device Name> System Explorer library. After the custom device has been added to the system definition, the Main
Page runs whenever the operator clicks on the custom device’s top-level item in the System Explorer configuration tree.
The following image displays the top-level item.
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1.1.7 Engine

The niveristand-custom-device-wizard creates the RT Driver.vi. inside the <Custom Device Name> Engine library.
This VI defines the behavior of the custom device on the Target.

The RT Driver VI runs on the Target regardless of the operating system. VeriStand deploys the engine when the operator
runs the project from VeriStand or when the system definition is deployed using the VeriStand Execution API.

The engine runs after the custom device deployed to the execution host. You can usually add initialization, steady-state,
and shutdown code to the engine template. There aren’t any hard boundaries on what code you can put into the engine,
but each additional code that is added can increase the size of the engine, and the time required to deploy your system.

Each of the five prebuilt custom devices has a different engine VI. Each engine VI executes at a different time with
respect to other VeriStand components. The timing requirements of a custom device, and thus the type of device
selected, are functions of when the device needs to execute with respect to other VeriStand Engine components.

Not all requirements can be satisfied by one of the five types of prebuilt custom devices. Some custom devices will
require multiple engine libraries. For example, a device may need to support different real-time operating systems. The
NI VeriStand — Set Custom Device Driver VI allows you to programmatically change the driver library for a custom
device.

Some custom devices use the prebuilt template as a launching pad for multiple parallel processes or complex frame-
works. For more information, refer to Beyond the Template Frameworks.
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1.1.8 Custom Code

Custom code performs any functionality desired by the custom device developer. While the initialization and engine
frameworks provide access to VeriStand data and timing resources, you must implement the code to meet specification.

For example, custom code can perform a single A/D conversion on a 3rd party digitizer. The framework provides the
means for sending the digitized value to the rest of the VeriStand system so that it can be mapped to a channel or used
in a stimulus profile.

1.1.9 Custom Device XML

Each custom device has an XML file that contains information used by VeriStand to load, configure, display, deploy
and run the device. The basic information includes VI and dependency paths, page names, action items, menu items,
and meta data for the various pages that make up the custom device.

The niveristand-custom-device-wizard generates an XML file in the template LabVIEW Project. Any properly format-
ted XML file will be parsed by VeriStand. After the XML file is created by the Custom Device Template Tool, all
updates have to be manual.

The custom device XML file does not automatically synchronize with changes to the LabVIEW project. Also, the file
does not automatically deploy. You must modify the XML file in the LabVIEW Project directory when making changes.
Building the initialization specification overwrites the XML in the <Common Data>\Custom Devices folder.

The XML file alters the appearance and behavior of the custom device in System Explorer. For example, you can add
a right-click menu to a custom device by adding tags to the custom device XML file.

VeriStand parses <Common Data> for custom devices when it launches. A corrupt custom device XML file can affect
the overall VeriStand system. You should exercise care and make a backup of the custom device XML before modifying
it.

1.2 When do you Need a Custom Device?

VeriStand provides the general functionality required by most real-time (RT) testing applications. However, NI has
designed the VeriStand environment to be customizable to meet any additional application requirements.

The built-in components of a VeriStand Project are listed in the VeriStand Help topic VeriStand Environment. If these
components do not fulfill your specifications, try one of the customization methods in Using NI VeriStand with Other
Software Environments to Create Real-Time Test Applications.

There is a collection of VeriStand add-ons that have been gathered from internal NI developers and the VeriStand
community. You should check for an existing custom device before building one.

There are three specifications that are best-suited for a custom device.
1. 3rd Party Hardware
2. Unsupported Measurement or Generation Mode

3. Feature

8 Chapter 1. Introduction
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1.2.1 3rd Party Hardware

Determine if your hardware is natively supported by VeriStand. For more information, refer to the VeriStand Help topic
NI Hardware Support. If your application requires other hardware, it can be implemented in a custom device.

Note: Several hardware vendors have created custom devices for their hardware. Contact the manufacturer before
building a custom device.

1.2.2 Unsupported Measurement or Generation Mode

Determine if the required measurement or generation mode of your hardware is supported. For more information, refer
to the VeriStand Help topic Adding and Configuring Hardware Devices.

If not supported, it can be implemented in a custom device. For example, single-point hardware-timed analog acqui-
sition on NI-DAQ devices is supported in VeriStand. Continuous analog acquisition can be implemented as a custom
device.

1.2.3 Feature

Determine if VeriStand’s built-in functionality meets your needs. Most RT testing application features, such as host
interface communication, data logging, and stimulus generation, are provided.

If a required feature is not built-in, it can be implemented by extending VeriStand. For a list of ways to customize
VeriStand, refer to Using NI VeriStand with Other Software Environments to Create Real-Time Test Applications

Certain features are best implemented as custom devices. To determine when a custom device is the most appropriate
mechanism to meet a specification, you should be familiar with all the customization methods available. A general rule
is that custom devices implement features that require or use VeriStand channel data on the execution host.

For example, a TDMS File Viewer is built into the VeriStand Workspace. If you need to log VeriStand channels
to TDMS without first sending it back to the Workspace (as with high-speed streaming), a custom device called the
Embedded Data Logger fulfills this requirement.

If you need to display previous test results on the workspace while a new test is running, a custom workspace object
may be more appropriate. For more information, refer to Creating Custom Workspace Objects for VeriStand.

1.2.4 Custom Device Risk Analysis

The open nature of VeriStand is a strong advantage over other RT/HIL testing solutions. You can take advantage of
this extensibility by using custom devices written by other developers. Writing your own custom device incurs a set
of manageable risks. This section provides a list of risks that should be considered before custom device development
begins.

1.2.5 LabVIEW Application Development

Custom devices are written in LabVIEW. The framework generated by the NI VeriStand Custom Device Wizard is
single-loop or an action-engine VI. This architecture may be suitable for simple custom devices. Advanced custom
devices will require more complicated architecture.

A prerequisite for custom device development is thorough knowledge of LabVIEW programming and application ar-
chitectures. This knowledge represents NI Certified LabVIEW Developer (CLD) level expertise. You can obtain this
experience through NI's Training and Certification program by completing the LabVIEW Core 1, Core 2, and Core 3
courses.

1.2. When do you Need a Custom Device? 9
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VeriStand custom devices are typically not large LabVIEW applications. Custom devices are designed to be modular,
self-contained add-ons that add a specific functionality to VeriStand. While custom devices are typically developed by
a single programmer, large application development best-practices may still apply. For more information, refer to the
LabVIEW Help topic Best Practices for Large Application Development.

1.2.6 LabVIEW RT Application Development

Custom devices are typically designed to execute on RT systems. This allows the operator to perform deterministic
HIL and RT test procedures.

Programming for an RT system requires knowledge of real-time operating systems (RTOS) and specialized LabVIEW
development techniques. This knowledge is typically obtained through NI's Training and Certification program by
completing the Real-Time Application Development course and refined by working on several LabVIEW RT applica-
tions.

1.2.7 VeriStand Background

Familiarity with the VeriStand Engine is crucial to successful custom device development. Selecting the appropriate
type in the Custom Device Template Tool is difficult without understanding each type. For more information, refer to
the VeriStand Help and the Understanding the VeriStand Engine topic.

Experience with VeriStand from an operator’s perspective is helpful. This experience enables you to build operator-
friendly interfaces that conform to the standard look and feel of other VeriStand components. Familiarity with VeriStand
allows the developer to build a complex system definition, which allows thorough testing and benchmarking.

1.2.8 Hardware Driver Development

The custom device must call a hardware or instrument driver to support 3rd-party hardware. All NI hardware comes
with a LabVIEW Application Program Interface (API) that can be used in the custom device. However, just because a
LabVIEW API exists does not guarantee the custom device can be easily implemented.

Consider the following points when evaluating the feasibility of a custom device for 3rd-party hardware.
1. Does an Instrument Driver exist? For more information, refer to Instrument Driver Network.
2. Is a hardware driver available?
3. Is the driver well documented?

4. Can the hardware requirement be met by passing LabVIEW double data type (DBLs) to and from the custom
device during steady state operation?

VeriStand uses channels to pass data between different parts of the system, including to and from custom devices. All
VeriStand channels are LabVIEW DBLs. For more information on LabVIEW data types, refer to the LabVIEW Help
topic Floating Point Numbers.

If the hardware driver returns a vector, structure, or any non-DBL data, that information cannot be passed directly from
the custom device to the rest of the VeriStand system. The developer is responsible for finding a way to pass data.
For more information on available communication mechanisms, refer to the LabVIEW Real-Time Module Help topic
Exploring Remote Communication Methods.

VeriStand also exposes its TCP pipe through dynamic event registration. This pipe may suite your remote communi-
cation requirements. for more information, refer to Custom Device Engine Events section.
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1.2.9 Testing

A custom device is one part of a VeriStand system. The complete state of the operator’s system is seldom known by
the custom device developer. System state includes the following information.

1. Target and host computer specifications.

2. System definition components.

3. Computational intensity of the simulation models.
4. Required loop rates.

5. System health and resource utilization.

Ideally, the custom device is implemented to be minimally burdensome, extremely efficient, and easy to use. Depending
on complexity, it may become necessary to test, debug, and optimize the code on systems representative of the operator’s
system.

Consider the following example. A custom device developer needs to benchmark a 3rd-party hardware custom device.
They add the custom device to the VeriStand Engine Demo and deploy the system definition to a quad-core PXIe-
8880 Controller. Adding the custom device to the system increased the target’s CPU load by 10% per-core and RAM
utilization by 120KB.

If the operator is deploying the same custom device to a single-core PXIe-8821 Controller, with an average CPU load
of 60% because of a computationally intense model, it’s unlikely the operator will achieve the same loop rate. Their
system may be incapable of running the custom device at all.

Time to test, debug and optimize the code must be factored into the development timeline. If you are developing for a
specific operator, test on a representative system. If you are developing for unknown systems, include the benchmarked
system specifications and timing information with the custom device documentation.

1.3 Planning the Custom Device

The most critical phase of custom device development is planning. Several VeriStand idiosyncrasies require more
thorough planning than smaller stand-alone LabVIEW applications.

As the use-cases and flexibility of a custom device increases, so does the complexity of planning and implementing the
device. The design tradeoff of this increase is a more robust device that requires less customization by the operator.

There are five areas to plan before you begin implementing.
1. Channels
2. Properties
3. Hierarchy
4. Pages
5. Device Type

In the following discussion, we will refer to a hypothetical 3rd party analog to digital (A/D) converter called the AES-
201. The device was chosen to simplify the discussion.

1.3. Planning the Custom Device 11
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Note: For an actual device, refer to the VeriStand Manual topics under Creating Custom Devices.

The AES-201 has eight 32-bit analog input (AI) channels. The device can digitize on 1V or £500mV. The card has
a single software trigger line. Each channel has a software enable that is ON by default and a 6Hz low pass filter that is
OFF by default.

A call to the hardware API makes a single A/D conversion on the specified channel and returns raw data. The range of
the device cannot be changed after the device has been initialized.

1.3.1 Channels

Channels are used to exchange data between the custom device and the rest of the VeriStand system.
All channels are 64-bit floating point numbers. There is no built-in mechanism for other channel data types.
There are three common use cases for planning a custom device channel.

1. Data generated by the custom device after it is deployed. This data can be required by other parts of the VeriStand
system.

2. Data originating elsewhere in the VeriStand system. This data can be consumed by the custom device after it is
deployed.

3. Dynamic properties that can change after the device is deployed. These properties can be implemented in chan-
nels.

Note: Custom devices should be designed for generic use. Just because your customer does not use all channels and
settings of the hardware does not mean you should hide anything from the operator.

Given these use cases, the AES-201 custom device should have one channel each for ADDataFromCh<1..8>. The
digitized data is going to change while the device is running. The operator may need that data to be available to the
rest of the VeriStand system. For example, operators often map data from hardware to simulation model inputs.

The operator may need to map the AES-201 software trigger to another channel in System Explorer, such as a calculated
channel. The developer should create a channel for SWTrig.

The operator may need to disable a channel or toggle the input filter or the AES-201 while the device is running. The
developer should plan an additional 16 channels for FilterEnCh<1..8> and ADEnCh<1..8>.

VeriStand channels are always LabVIEW DBLs. It may be easier to flatten data to DBL than it is to implement a
background communication loop that passes native data types to the rest of the system. While the AES-201 LabVIEW
API calls for Boolean data to enable the channel or filter, you can use a DBL channel with the assumption that 0 =
False and /0 = True.

Channels are created with the Add Custom Device Channel VI. A channel is either an Input or an Output. Channel
type is determined by the custom device in the following situations.

* If the custom device passes data to the rest of the VeriStand system, it requires an output channel.
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* If the custom device receives data from the rest of the system, it requires an input channel. For example, the
AES-201 may have eight output channels (ADDataFromCh<1..8>) and 17 input channels (ADEnCh<1..8>, Fil-
terEnCh<1..8>, and SWTrig).

Once the custom device is loaded into VeriStand, the operator can map each input channel to a single data source. The
operator can map each output channel to an arbitrary number of sinks. For example, you can map ADDataFromChl to
several simulation model inputs. SW7rig can be mapped to a user channel or a model output, but not both.

Add Custom Device Channel VI

Use the NI VeriStand — Add Custom Device Channel VI to add a channel to the device.

nghhght? (F:] .................................
GUID (Default Channel)
Parent Ref in a:t VET] Parent Ref out
Channel Name - : _.+ |_ Mewly Created?

Channelﬂ

error in (no error)
Property names
Property Values

L_ Channel Ref
error out

The device or device subsection is specified by Parrent Ref in. If the Channel Name you specify already exists, the VI
overwrites the existing channel settings without affecting any custom properties. The VI can be called from any VI that
runs on the host computer.

Other Useful Channel Vis
There are other VIs in the NI VeriStand » Custom Device API LabVIEW palette that operate on custom device
channels.
* Configuration » Get Custom Device Channel Data VI
¢ Configuration » Rename Custom Device Item VI
¢ Configuration » Remove Custom Device Item VI
* Channel Properties » Set Custom Device Channel Default Value VI
¢ Channel Properties » Set Custom Device Channel Faultability VI
* Channel Properties » Set Custom Device Channel Scalability VI
¢ Channel Properties » Set Custom Device Channel Type VI
¢ Channel Properties » Set Custom Device Channel Units VI
* Driver Functions » Get Custom Device Channel List VI

In addition to these channel-specific VIs, any VI from the Item Properties palette can be used with a custom device
channel.
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1.3.2 Properties

Properties are used within the custom device to communicate state information.
Property names are case-sensitive strings. Unlike channels, property values can be any standard LabVIEW data type.

For one-time instances, you should use properties to transfer configuration and state information from the configuration
to the engine. This transfer occurs when the system definition is deployed to the target.

After the system definition deploys, the engine can still read and write properties on the execution host. However, the
engine cannot exchange properties with the host computer using the property VIs.

Because the AES-201 range cannot be changed after the card initializes, you should implement the AES-201 range
setting as a property. The configuration routine on the host computer can set the Range property of the card based on
operator input.

When the operator deploys the system definition, the engine can read the Range property. The engine can then call the
hardware API to set the range.

After the AES-201 starts, the range cannot be changed. If the operator wants to change the range setting, they will need
to use System Explorer to reconfigure the custom device and redeploy the system definition. The engine can still read
and write the Range property, but the update is not reflected in System Explorer.

You can also implement the filter setting as a property. In System Explorer, the operator can enable or disable the filter
on each channel page.

Doing so would allow the device to require eight fewer channels. However, the operator would no longer be able to
toggle the input filter while the custom device is running.

Note: To illustrate several aspects of custom device development, we will implement the filter setting as a property.

Set Item Property VI

The NI VeriStand — Set Item Property VI can be called from any VI in the custom device.

Item Ref in THET Itermn Ref out
Property Mame ,,j""'"“‘"'" 1
i error out
Value ..... H
......................... REplacEd

error in (no error)

Properties can be applied to any channel or section. In addition to this VI, properties can be set when a channel or
section is created by using Property Names and Property Values.

A property must be read from the item to which it was set. For example, if you set the Filter_Enabled property on the
ADDataFromCh1 channel, you cannot read the value of the property directly from the parent section or any reference
other than ADDataFromCh1. Properties do not inherit.

Get Item Property VI

The NI VeriStand - Get Item Property VI returns the value of a specific item Property Name.

Item Ref in CREY [tern Ref out
Property Name = ; fL__; Value
Default Value & error out
errorin |:r||:| Errl:lr:] O, Found?
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If the Property Name does not exist for the specified item, Value returns Default Value. Use the Found? output to
check that the intended property name was found on the item.

Remove Item Property VI

The NI VeriStand — Remove Item Property VI removes the property name from an item.

Item Ref in COEY [tern Ref out
Property Name 2] ™ [ Removed
error in (no error) (S error out

The Get Item Property and Remove Item Property VIs may be called from any VI in the custom device.

Other Useful Property Vls

There are other VIs in the NI VeriStand » Custom Device API LabVIEW palette that operate on custom device
properties.

Item Properties » Get Item Description

Item Properties » Get Item GUID

Item Properties » Get Property Names List

Item Properties » Set Item Description

Item Properties » Set Item GUID

Device Properties » Get Custom Device Decimation
Device Properties » Get Custom Device Driver
Device Properties » Get Custom Device Version
Device Properties » Set Custom Device Decimation
Device Properties » Set Custom Device Driver
Device Properties » Set Custom Device Version

Device Properties » Specify Custom Device Execution Mode

1.3.3 Custom Device Decimation

You can set the decimation for any type of custom device. However, decimation is handled differently for inline and
asynchronous custom devices.

An inline custom device is called when indicated by its decimation. For example, decimating an inline custom
device by 4 causes the Primary Control Loop (PCL) to call the custom device on every fourth iteration. Note:
The device must execute in a short enough time for the entire PCL to complete its iteration in addition to device
execute time.

Asynchronous devices have their channel FIFOs read on the Nth iteration of the PCL. N is the decimation rate
of the asynchronous device.
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1.3.4 Hierarchy

VeriStand allows each custom device to be presented as a hierarchy in System Explorer. A hierarchy allows developers
to organize and present a custom device to the operator.

Within a Custom Device hierarchy, there are sections and channels. All items in a custom device configuration tree are
either channels or sections. Sections provide a way to group items in a hierarchy.

The following rules apply to channels and sections.
1. You cannot create additional levels of a custom device hierarchy from channels.
2. You cannot map sections to other items in VeriStand.
3. You cannot use sections to exchange data during run-time.

Use the NI VeriStand - Add Custom Device Section VI to create sections.

The default section glyph (icon) is a folder. You can change the glyph by modifying the custom device XML. A
collection of glyphs that install with VeriStand is found in <Application Data>\System Explorer\Glyphs.

Add Custom Device Section VI

The NI VeriStand — Add Custom Device Section VI adds a section with the Section Name to the device specified by
Parent Ref in.

Highlight? (F)
GUID (Default Section)
Parent Ref in q@‘ Parent Ref out

[ .
Section Name ~ |L'£.'-:+ —|_ Mewly Created?

error in (no error) == ; E Section Ptr
Property names error out
Property Walues

If the name you specify already exists for that device, this VI updates only the GUID of that section without affecting
any properties or child items.

This VI can be called from any VI that runs on the host computer. You build-up the custom device hierarchy by using
the Parent Ref out and Section Ptr outputs.

Parent Reference is the level of the hierarchy that will contain the new section. Section Pointer is the reference to the
new section, one level deeper in the hierarchy than the Parent Reference.

Hierarchy Examples
You should plan a custom device to use the minimum number of sections necessary to make the hierarchy well-
organized, intuitive, and user friendly.
There are two types of hierarchies.
1. Flat
2. Nested

We will examine these hierarchy types in relation to AES-201 and discuss the advantages and disadvantages of each.
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Flat Hierarchy

The following is an example of a flat, or single-level, hierarchy for the AES-201.
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|
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. |
e -G Frocedures |
(= [ Custom Devices
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- = SMEBTrig |
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|
|
|
|
|
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ADDataFromChs
ADDataFromChé
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ADDataFromChe
ADENCh1
ADEnChz
ADENCh3
ADENCh4

-~ = ADEnChS

- = ADENCh&
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'T'W User Channels
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In this example, all of the channels are under the main section in the configuration tree. While it is easy for the operator
to determine how many channels are available, the type of channel is unknown. Also, the channel function is only
implied by the name.

A flat hierarchy is best suited for devices with a small number of channels that all perform the same function. The
hierarchy is less useful for devices with many channels, or when channels perform different functions. For example, a
custom device for a multifunction data acquisition board would be difficult to present in a flat hierarchy.

Notice that the same Device Item Ref in is used to create the SWTrig, ADEnCh<1..8>, and ADDataFromCh<]I..8>
channels. As a result, all of these channels appear at the same level of the hierarchy.

In the code, you should be able to identify the input and output channels. SWTrig and ADEnCh<1..8> are input channels
because the custom device sinks data from them. ADDataFromCh<1..8> are output channels because they source data
to the rest of VeriStand.

From an operator perspective, custom device inputs and outputs may seem backwards. Hardware inputs correspond to
custom device outputs. The operator is not required to interact with the custom device source code. They will work in
System Explorer. However, the channel direction should still make sense.
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Nested Hierarchy

The following is an example of a nested hierarchy for the AES-201.
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E Targets _——
=Huf) Controller |Device temRef in
(+-4? System Channels |
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-ty Data Sharing Metwork
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The channels have been organized into Hardware Enables and Hardware Inputs sections. This device is well-organized
and fairly intuitive.

The Section Ptr outputs are used to create channels beneath the corresponding section in the initialization VI. The
parent reference is also used to create the trigger channel at the same level as the two sections in the custom device
hierarchy.

1.3.5 Pages

Pages are VIs that System Explorer displays in the configuration pane subpanel.

Subpanels are LabVIEW front pane containers that allow a VI to display the front panel of another VI. For more
information, refer to the LabVIEW Help topic Container Controls and Indicators.

When you click an item in the configuration tree, a page displays in the Subpanel. Pages run on the host computer.
They define the appearance and configuration experience of the custom device.

The niveristand-custom-device-wizard creates two configuration VIs by default.
1. Initialization VI - A simple VI that does not populate in the Subpanel.
2. Main VI - A page.

When you click on the top-most custom device item in the configuration tree, the <Custom Device Name> Main Page
VI goes into the configuration pane and executes the block diagram.
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The default pages allow the operator to set a description for the section or page. VeriStand retains this data in the
System Definition (.nivssdf) file.

You cannot individually modify the block diagram or font panel of default pages. The niveristand-custom-device-wizard
allows the developer to specify extra pages. Extra pages can be used to override the default page for an item.

When the developer creates an extra page and associates it with a section or channel, item’s default page is overridden.
You can individually modify the front panel and block diagram of extra pages. The block diagram executes when the
operator clicks on the item in the configuration tree.

There are two rules for modifying custom device pages.

1. Do not change the front panel size. The front panel is loaded into a subpanel in the configuration pane. Changing
the size may make the front panel unusable.

2. Do not change the names or connector pane associations of any terminal generated by the page template or
niveristand-custom-device-wizard. VeriStand uses these objects to interface with the page. Changing these
items may make the custom device unusable.
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1.3.6 Extra Pages
Extra pages override default pages and allow you to customize the appearance and behavior of any item in the custom
device hierarchy.

You should plan an extra page for each item in the custom device you want to customize differently. For example,
to customize the page for each ADDataFromCh channel, you will need multiple extra pages. To customize all AD-
DataFromCh channels the same way, you will only need one extra page.

Note: VeriStand stores state data for each individual item in the custom device hierarchy in the system definition file.
The AES-201 may need five extra pages.
* A page for each section.
* A page for ADDataFromCh<1..8> channels.
* A page for ADEnCh<]I..8> channels.
* A page for the SWTrig channel.
* A page for unforeseen needs.
You may not need all of these extra pages. It is better to have extra pages now rather than need more later.
VeriStand requires four items to override a default page with an extra page.
1. Page
2. Globally Unique IDentifier (GUID)
3. XML Declaration
4. Build Specification

Page

A properly formed page VI must exist.

If you plan properly, you will be able to specify all the extra pages when you run the niveristand-custom-device-wizard.
An extra page is created for each element in the Custom Device Extra Page Names control.
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Create Project O *
Configure the new project: CONSOLIDATED NI VeriStand Custom Device

Customn Device Mame Custom Device Execution Mode
Untitled Project 1 Inline HW Interface ~

Use Inline-Async AP|
Project Root 4

CihUsers\nitest\Downloads\Handbook\Untitled Project 1 =

Advanced Options

rCustom Device Extra Page Mames A Insert Customn Device in submenu
A [ pisplay in a submenu
Maxirmum Custom Device Instances
v 1 =
N, w

Back Finish Cancel Help

The niveristand-custom-device-wizard generates the page, GUID, and XML Declaration. The wizard then includes the
page in the build specification. You will find the extra page template in the Page Template.vit. This file is located at
Custom Device API.lvlib\Templates\Subpanel Page VI.

If you do not use the wizard to create extra pages, you must manually add and configure them. Manually adding extra
pages to a custom device after running the wizard is difficult. Avoid this issue by creating a few extra pages beyond
what you think is necessary.

Note: Unused extra pages are not executed, but they do consume marginal space on disk.

GUID

When you associate an extra page with a channel or section, you override the default page for that item.
This can be do done in two ways.
1. Specify the GUID when the item is created.

2. Setthe item’s GUID with the NI VeriStand - Set Item GUID VI. You can access this VIin LabVIEW by navigating
to NI VeriStand » Custom Device API » Configuration VIs » Item Properties.
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The niveristand-custom-device-wizard generates a GUID for each extra page in the Custom Device Extra Page Names
control.

XML Declaration

The custom device API associates a channel or section with a GUID while the custom device XML associates the
GUID with the page VI.

The page and its GUID must be declared in the custom device XML <Pages> section within a <Page> schema.

<Page>
<Name>
<eng>Extra Page 1</eng>
<loc>Extra Page 1</loc>
</Name>
<GUID>36481013-A447-6517-7DIC-FBE21CAE1E9F</GUID>
<Glyph>
<Type>To Application Data Dir</Type>
<Path>System Explorer\Glyphs\default fpga category.png</Path>
</Glyph>
<Item2Launch>
<Type>To Common Doc Dir</Type>
<Path>Custom Devices\Extra Page Demo\Demo Configuration.llb\Extra Page 1.vi</Path>
</Item2Launch>
</Page>

If the developer planned for the extra pages before running the niveristand-custom-device-wizard, the tool makes the
appropriate entries in the custom device XML file for each extra page.

Build Specification

Extra pages are dynamically called VIs. Since they are not a part of the custom device VI hierarchy, they must be
explicitly included in the Build Specification.

If the developer planned for the required extra pages before running the niveristand-custom-device-wizard, the wizard
configures the build specifications to include the extra pages into the initialization library.

If a page must be added to the custom device after the tool runs, you must edit the configuration Build Specification to
include the extra page. You must also include any dynamically called dependencies.

1.4 Custom Device Types

The custom device type refers to its execution mode. The mode defines how the device interacts with the VeriStand
Engine.

The VeriStand Engine is the non-visible mechanism that controls system timing and communication between the Target
and Host Computer. While deployed to the Target, all custom devices run inside the engine.

The niveristand-custom-device-wizard generates a new LabVIEW Project containing one of five device frameworks.
The framework is determined by the Custom Device Execution Mode.
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The selected mode determines when the device will run with respect to the other operations performed by the VeriStand
Engine. There are five device frameworks available. Three of the frameworks are for custom devices, and the other
two are for custom timing and synchronization devices.

Custom timing and synchronization devices are the same as regular custom devices, but they can be configured as the
hardware synchronization master to drive RTSIO. For more information, refer to Real-Time System Integration (RTSI)
and Configuration Explained.

Custom timing and synchronization devices are not covered in detail in this document. For more information about
custom timing and synchronization devices, refer to the VeriStand Help topic Adding and Configuring Timing and Sync
Devices. Multi- chassis synchronization may also be accomplished using built-in features. For more information, refer
to Creating a Distributed System With NI VeriStand.

Two of the regular custom devices run in-line with the Primary Control Loop (PCL), the other runs in parallel with the
PCL. A custom device is not limited to using just one type of framework. Some developers have built both in-line and
parallel engines for a single custom device and allow the operator to select which mode to deploy.

Depending on your needs, you can alter the code within the framework. However, you must maintain the connector pane,
controls, and indicators provided by the niveristand-custom-device-wizard. VeriStand uses these objects to interface
with the custom device. If they are changed, the custom device will experience errors.
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1.4.1 Asynchronous

The asynchronous custom device framework provides a simple, single-loop architecture. There are sections for initial-
ization and cleanup before and after the loop.

Note: The asynchronous template provides a While Loop that can be exchanged for a Timed Loop.

[Use this template
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i T Target,
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The loop runs in parallel to the PCL. If proper real-time development practices are adhered to, it is unlikely to block or
slow the PCL. The rest of the VeriStand system will continue to execute as expected even if the asynchronous custom
device is latent or stalls.

The loop can be synchronized to the PCL’s timing source, making it pseudo-synchronous. This applies to asynchronous
devices that use a Timed Loop. While Loops cannot be used for this purpose.

The benefit of an asynchronous custom device synchronized to the PCL is that it will not cause the PCL to be late if
the device is late. VeriStand ticks the device clock for all Timed Loops that have Use Device Clock set to true.

The asynchronous device can run at a different rate than the PCL. You can define the rate using any execution timing
method available in LabVIEW. The rate can iterate faster than the PCL or be a decimation of the PCL rate specified
using the NI VeriStand - Set Custom Device Decimation VI. This VI can be found in LabVIEW by navigating to NI
VeriStand » Custom Device API » Configuration » Item Properties » Device Properties.

The asynchronous template uses RT FIFOs, specifically Device Inputs FIFO and Device Outputs FIFO, to exchange
channel data with the rest of VeriStand. Since the asynchronous device runs in parallel to the PCL and passes channel
data through RT FIFOs, there is a minimum of one cycle delay from when data travels back and forth from the PCL to
the custom device. These FIFOs correspond to those in the VeriStand Engine.

The asynchronous device is not guaranteed to execute at the same time as other components of the system. For example,
the first iteration may execute before the PCL processes alarms.

The input controls are specially named controls that the system will use to provide the device loop with data. The
controls are not required for the device loop to run. For example, if the device doesn’t produce any output data, then
you don’t need the Device Outputs FIFO control. If you do need these controls, they must have these exact names to
be functional.

The optional notifier status element is used to notify the engine of the last state of the custom device and to indicate the
device has completed execution. If this control is not used, a default No Error value is returned to the system when the
device finishes execution. This error state is not checked until the system shuts down. Use an output channel to send
more immediate status values to the system.

The asynchronous framework includes VIs from the VeriStand Asynchronous Device Properties VIs subpalette.
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1.4.2 Inline Hardware Interface

The inline hardware interface template is similar to a state machine architecture.

Note: Some developers will recognize it as an action-engine. For a discussion on action engines, refer to the NI
Discussion Forums post Community Nugget 4/08/2007 Action Engines.

The PCL specifies the case to execute. An uninitialized Feedback Node is used for iterative data transfer.
There are five cases defined by the Operation enumerated control.

1. Initialize

2. Start

3. Read Data from Hardware

4. Write Data to Hardware
5. Close

This custom device runs in-line with the PCL, which calls each case at a specific time with respect to the other com-
ponents in the VeriStand Engine. The PCL will not proceed until the custom device case has completed.

Initialize Case
The Initialize case executes before the PCL starts. Inside the case, you can use a device reference to extract configuration
information from device properties. Initialize data and buffers are used internally in the device.

The framework compiles the list of data references for the custom device Inputs and Outputs. This is done in advance
using VeriStand Data References VIs, specifically the NI VeriStand - Get Channel Data Reference VI.

The inline custom device RT Vl is a reentrant functional global VI with the following execution cases:

* Initialize: Executes before Control Loop starts

* Start: Executes before Control Loop starts

* Read Data from HW: Called at beginning of Control Loop
* Write Data to HW: Called at end of Control Loop

* Close: Executes after Control Loop completes

You must maintain this exact connector pane to use this V| as a custom device RT V.

i

[ "Initialize", Default Vt

Read the device configuration information from the data storage using the reference to the device. Initialize
any state data and buffers used internally in the device.

Compile the list of Data References for the custom device Inputs and Outputs in advance using Get Channel
List and Get Channel Data Reference. Allocate any necessary data buffers and configure any state data.

'You can't read or write channel values in this case.

Device Reference in

ErrorCode

Errors are considered fatal
and will shut down the
system. Set any warnings
or status information
using device outputs,
Procedures and alarms
can react to these status

Operation

Note: Because the PCL has not started, channel values cannot be read or written in the Initialize case.
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Start Case

The Start case executes after initialization but before the PCL runs. There is no difference between what code you can
place in the Initialize and Start states.

Note: Because the PCL has not started, channel values cannot be read or written in the Start case.

Read Data from HW Case

The Read Data from HW case executes at the beginning of the PCL, before other components, such as alarms, and
procedures, execute.

After processing system mappings, the data obtained in this case is available to the other components of the system for
the remainder of the PCL iteration. For a detailed timing diagram, refer to Outline of PCL Iteration.

The template contains a Flat Sequence frame named Read Hardware Channels. You can replace the code inside the
frame with the API calls necessary to obtain data from a hardware API.

[}

=
T Fead Cata from Hé™ =

denvice output dats resd From HW b the systam using Data Beferances For the output channels. Don't ever call
or Sek Channed Vake by Data Referance outside the Bnline Driver W1, Thes could cause sysbem nstabdity or ermors.
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Dervice Referance in

==

code T Code
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Write Data to HW Case

The Write Data to HW case executes at the end of the PCL, after the other components have executed.

The case contains a Flat Sequence frame named Write Input Data to Hardware Channels. You can replace the code
inside the frame with the API calls necessary to send data to a hardware device.
o}
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Close Case

The Close case executes after the PCL has finished executing. You should close references and release resources in this
state.

Note: Because the PCL has terminated, channel values cannot be read or written in the Close case.

1.4.3 Inline-Async Hardware Interface

You can generate an inline-async custom device template from the niveristand-custom-device-wizard. When creating
a project, set the execution mode to Inline HW Interface and enable Use Inline-Async APIL
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Create Project O *
Configure the new project: CONSOLIDATED NI VeriStand Custom Device

Custom Device Name Custom Device Execution Mode
My Custom Device Inline HW Interface ~
Uselnline—AS}rnc API

Project Root
CADeviMy Custom Device =

Advanced Options

Custom Device Extra Page Mames Insert Customn Device in submenu
A [ pisplay in a submenu

Maximum Custom Device Instances

-

v 1 -

Back Finish Cancel Help

By using the Inline-Async-API, the inline-async template framework can perform the following actions.
* Initializing asynchronous VIs.
* Launching asynchronous VIs.
* Cleaning up asynchronous VIs.
* Handling and reporting errors.
 Transferring data between inline and asynchronous VIs.

The RT Driver VI of an inline custom device can communicate channel data with VeriStand. While doing so, the VI
can also launch an asynchronous loop(s) to handle nondeterministic operations.

One example of a nondeterministic operation is log file data writing. The RT Driver VI of the inline custom device
communicates with the asynchronous loop(s) using RT FIFOs.

Note: While the RT Driver VI is using RT FIFOs, data may be lost if elements are not read at a fast enough rate.
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1.4.4 Inline Model Interface
The Inline Model Interface custom device template also has a state machine/action engine architecture. The template
uses an uninitialized Feedback Node for iterative data transfer.
There are four cases defined by the Operation enumerated control.
1. Initialize — Same configuration as the Inline HW Interface.
2. Start — Same configuration as the Inline HW Interface.
3. Execute Model
4. Close — Same configuration as the Inline HW Interface.

This custom device is run in-line with the PCL. The device calls each case at a specific time with respect to the other
components in the system. The PCL will not proceed until the custom device case has completed.

Execute Model Case

The Execute Model case is called and runs in the middle of the PCL.
This state takes the following steps.

1. Reads input data.

2. Performs a calculation.

3. Writes output data to VeriStand.

Using the Inline Model Interface mode enables you to process data acquired from hardware inputs and send the pro-
cessed values to hardware outputs with no latency.
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1.4.5 Inline Timing and Sync

The inline timing and sync custom device is similar to the inline hardware interface custom device. The major difference
between the two custom device types is that the inline timing and sync custom device can also function as a hardware
synchronization master device to drive the RTSI O line.

1.4.6 Asynchronous Timing and Sync

The asynchronous timing and sync custom device is similar to the asynchronous custom device. The major difference
between the two custom device types is that the asynchronous timing and sync custom device can also function as a
hardware synchronization master device to drive the RTSI O line.

1.4.7 Outline of PCL lteration

The order of operations in the Primary Control Loop varies with respect to the execution mode of the controller.

Note: You can adjust the settings in System Explorer by navigating to Targets » Controller » Other Settings »
Execution Mode.

The Data Processing Loop is responsible for executing procedures, alarms, and calculated channels. For more informa-
tion on hardware timing in VeriStand, refer to the KnowledgeBase topic Hardware I/O Latency Times in NI VeriStand.

The following diagram displays the operation of the VeriStand Engine.
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Parallel Mode

In Parallel mode, the PCL initiates execution of models and continues to its next iteration without waiting for models
to finish executing. This causes a one-cycle delay between when a model executes and when the data it produces is
available to the system.

The following are the steps that the PCL takes while in parallel mode.

1.

Gets inputs from hardware devices in the system definition. Note: If the system includes an inline hardware
interface custom device, the PCL reads DAQ digital lines and counters after the Read Data from HW case of the
custom device executes in step 3.

Reads asynchronous custom device FIFOs from the previous iteration.

Runs the Read Data From HW case of inline hardware interface custom devices. Note: If you configured
hardware scaling, VeriStand applies the scaling after acquiring all hardware inputs.

Reads previous iteration data from models in the system definition. Note: This step executes on the second and
subsequent iterations.

. Reads data from the previous iteration of the Data Processing Loop.

. Processes system mappings. Note: VeriStand components and custom devices cannot read data from a previous

step until the PCL processes system mappings. This is true even if the previous step acquired the data the
component needs.

. Runs the Execute Model case of inline model interface custom devices.

32

Chapter 1. Introduction



VeriStand Custom Device Handbook, Release 1.0.0

8

9.
10.
11.
12.
13.
14.

15

. Executes steps of running real-time sequences. Notes:

* VeriStand executes real-time sequences after input operations but before output operations. VeriStand con-
tinues to run every step of the real-time sequence until the sequence is complete, reaches a Yield step, or
completes an iteration of a loop with Auto Yield set to TRUE. If a sequence takes longer than the given time
for an iteration of the PCL, the PCL runs late.

» To avoid errors, break up the timing of the steps by placing Yield steps throughout the sequence and enabling
the Auto Yield property for any loops in the sequence.

Processes system mappings.

Writes data to models.

Initiates asynchronous execution of models.

Writes data to the Data Processing Loop.

Writes output data to hardware devices.

(Optional) For inline hardware interface custom devices, runs the Write Data to HW case.

. Writes data to asynchronous custom device FIFOs.

Low Latency Mode

In Low Latency mode, the PCL waits for the Model Execution Loop(s) to finish writing data to models before it reads
and publishes model values to the system. This occurs during every iteration of the system.

When the model completes execution, the PCL provides data from the model to other loops during the same iteration

that
The

1.

the model generated the data.
following are the steps that the PCL takes while in low latency mode.

Gets inputs from hardware devices in the system definition. Note: If the system includes an inline hardware
interface custom device, the PCL reads DAQ digital lines and counters after the Read Data from HW case of the
custom device executes in step 3.

2. Reads asynchronous custom device FIFOs from the previous iteration.

3. Runs the Read Data from HW case of inline hardware interface custom devices. Note: If you configured
hardware scaling, VeriStand applies the scaling after acquiring all hardware inputs.

4. Reads data from the previous iteration of the Data Processing Loop.

5. Processes system mappings. Note: VeriStand components (including custom devices) cannot read data from a
previous step until the PCL processes system mappings, even if the previous step acquired the data the component
needs.

6. Runs the Execute Model case of inline model interface custom devices.

7. Executes steps of running real-time sequences. Notes:

* VeriStand executes real-time sequences after input operations but before output operations. VeriStand con-
tinues to run every step of the real-time sequence until the sequence is complete, reaches a Yield step, or
completes an iteration of a loop with Auto Yield set to TRUE. If a sequence takes longer than the given time
for an iteration of the PCL, the PCL runs late.

* To avoid errors, break up the timing of the steps by placing Yield steps throughout the sequence and enabling
the Auto Yield property for any loops in the sequence.

8. Processes system mappings.

9. Writes data to models.
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10. Initiates execution of models and waits for them to complete execution.

11. Reads data from models.

12. Processes system mappings.

13. Writes data to the Data Processing Loop.

14. Writes output data to hardware devices.

15. (Optional) For inline hardware interface custom devices, runs the Write Data to HW case.

16. Writes data to asynchronous custom device FIFOs.
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CHAPTER

TWO

IMPLEMENT THE CUSTOM DEVICE

2.1 Implementing a Custom Device

We will now walk through the implementation of a hypothetical third-party custom device for the AES-201. This
example will focus on the custom device process. For more information on implementing a custom device, refer to
Implementing a Custom Device.

The specifications of this custom device are displayed in the following image.

AES-201 Analog Input Specifications

Range: +1V or £500mV
Cannot be changed while digitizing
Return: 32-bit raw

'Trigger: 1 software

SW Enable: Default on

Filter: 6Hz LPF default off

2.1.1 Determine Custom Device Feasibility

Before we begin, let us consider the customer needs, analyze any risks, and create specifications for the custom device.

Customer Needs

Our customer requires 32-bits of resolution for their real-time (RT) test system. This is the only PXI digitizer that
fulfills their requirements. After checking with NI.com and the manufacturer, we did not find an existing AES-201
custom device. We determine that a new custom device is necessary.
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Risk Analysis

The AES-201 ships with a hardware driver that’s compatible with LabVIEW Real-Time and a LabVIEW API. We have
a real-time desktop target that is identical to our customer’s platform. At our request, the customer has provided their
model DLL. This will allow us to test and benchmark on a similar structure to our customer’s system.

Development Specifications

Based on the AES-201, we create the following specifications.

Have eight output channels: ADDataFromCh<lI..8>.

Have nine input channels: ADEnCh<1..8>, SWTrig.

Have nine properties: FilterEn<1..8> and Range.

Use a nested two-level hierarchy.

Override the default channel page for ADDataFromCh<1..8>.

Use the default page for everything else. Note: We only need one extra page, but we will create several just in
case requirements change.

Use the Hardware Inline custom device to avoid FIFO latency.

2.1.2 Build the Template Project

We will begin by building a template project.

1.

Open the niveristand-custom-device-wizard from LabVIEW by navigating to Create Project » NI VeriStand »
CONSOLIDATED NI VeriStand Custom Device.

Enter the Custom Device Name. This will serve as the sub folder name.
Select the Custom Device Execution Mode.

Select the Project Root. The wizard creates the new LabVIEW Project in a sub folder inside the project root.
We do not need to specify a sub folder for the device because the wizard creates one.

5. Click Finish.
The following image displays a configured wizard that will generate a LabVIEW Project for the AES-201 custom
device.
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Create Project O *
Configure the new project: CONSOLIDATED NI VeriStand Custom Device

Customn Device Mame Custom Device Execution Mode
AES-201 Inline HW Interface ~

[ Use Inline-Async &P
Project Root 4

C\Devi AES-201 =

Advanced Options

Custom Device Extra Page Mames Insert Customn Device in submenu
ADDataFremCh ~ DDispIa}r in a submenu

Extra Page 2

Extra Page 3

Extra Page 4

Extra Page 3

Extra Page & Maximum Custom Device Instances

Extra Page 7 v 1 =

-

Back Finish Cancel Help

2.1.3 Build the Configuration

We will now modify the LabVIEW Project VIs generated by the niveristand-custom-device-wizard.

Edit the Initialization VI

We will start by opening the Initialization VI. Locate the VI by navigating to AES-201 System Explorer.lvlib » Sys-
tem Explorer » Dynamically Called. In the initialization VI, we will build-up the default channel list. For more
information, refer to Add Custom Device Channels and Waveforms.
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Add a Boolean property to each channel. This property will indicate the state of the filter on the channel. For more
information, refer to Adding Custom Device Item Properties.
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Replace the string constant with a global variable that has the same default value as the constant. Use the global variable
Constants.vi by navigating to <Custom Device Name> Shared.lvlib » Shared.

Note: You should use global variables or enum type definitions for any constants that will be reused throughout the
custom device.
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Override the Default Page

We want to override the default channel page to add a control that allows the operator to set the filter. We created an
extra page called ADDataFromCh.vi for this purpose.

Open the custom device XML to find the GUID associated with the extra page. You should update the glyph of the
channel page to default fpga channel. Operators are used to having channels associated with this glyph.

Note: You can also change the glyph of the main page to daq device.

2.1. Implementing a Custom Device
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<Page>
<Name>
<eng>ADDataFromCh</eng>
<loc>ADDataFromCh</loc>
</Name>
<GUID>B8ABAF65B-85C9-6BD6-B869-680C60278524</GUID>
<Glyph>
<Type>To BApplication Data Dir</Type>
<Path>System Explorer\Glyphs\default fpga
channel .png</Path>
</Glyph>
<Item2Launch>
<Type>To Common Doc Dir</Type>
<Path>Custom Devices\AES-201\AES-201
Configuration.llb\ADDataFromCh.vi</Path>
</Item2Launch>
</Page>
<Page>

Add the GUID to the global variable and wire the global into the GUID terminal of Add Custom Device Channel. This
will associate the channel with the VL.
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When the operator clicks on ADDataFromCh<1..8> in the configuration tree, ADDataFromCh.vi runs as a sub panel
in System Explorer instead of the default channel page.

From here-on, we will set properties when we create the item rather than using the Set Item Property VI to set them on
the item reference.

Edit the Extra Page

Now that we have linked the channels to the extra page, we will make edits to the extra page, ADDataFromCh.vi. In
the Initialization frame, we will add code to display the channel information.

Initialization code
00000000000 000000000

Name H »AMName

)
i » A Description

Operators are used to seeing channel data when they click on a channel. If the device is a channel, we will send the
channel data to an indicator on the front panel.
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Initialization code

» Description

MName |~ » A Name
Is Channi

I

e T R R T

e s e L R

EERESEERE R RS

You should use the Boolean outputs from functions in the API to make sure that you are operating on a valid reference.
In this case, we will only retrieve the channel data if we have a valid channel reference.

Another option is to specify the default property value. The default property value is returned if the property is not
found. Using the default property value does not set the property.

The initialization frame will read the name and description from the device reference. Do the same thing for the FilterEn
property so the operator can see the state of the channel’s filter setting.

VeriStand is responsible for passing the correct channel reference to the custom device and storing state data for all the
controls and indicators. The developer is responsible for acting on the reference and displaying the state.
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Initialization code

{ »ADescription |

s Name “~| » Alarmne ]
Is Channel
: True ¥
'E—EHEDE. ] Channel
[~ fnd? =
i O, -

CDEY

®FilterEn peor- GE L[> Achannel Fier |

Boolean

Add a Boolean control to the front panel called Channel Filter. Create a case in the Event Structure for the control’s
value change. If the FilterEn property is found, set the property according to the value of the control. If the FilterEn
property is not found, show a dialog box with debugging information.
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[E ld][ 2] "Channel Filter": Value Change ~ ]

b} rewval

. COEY
|ﬁFilterEn ’}“‘“““ T
W=
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If the operator does not change this control, the property is never created. To rectify this, you can initialize the property
in the Initialization VI or you can assume a default value when you read the property.

Remember, this VI runs on the host computer. We can launch a pop-up dialog box to assist with debugging.

B[] "Channel Fiter™: Vb Changs =

Now we will build a subVI that creates channels so we can reuse it for the enabled channels.

Add the default channel GUID to the Constants.vi. You can get the GUID from the front panel of Add Custom Device
Channel.
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(| Bt ER gew Project Operste Tock Window el

Default

channel GUID

OGO CEES- 1405 1 3A6-56 1 DIFFREFOCZL9

For reference, the GUID is ®©3D3BB99-1485-13A6-561D1F898F032919.

If the Override Default Channel? terminal of our subVI is true, the VI takes a GUID from the caller. If not, the VI
uses the default channel GUID.

The properties are set from the Add Custom Device Channel VI directly. You can use this subVI in many custom
device projects.
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Allow Simultaneous Calls to the Same Extra Page

Custom devices execute as reentrant on the target. This enables the operator to run multiple independent instances of
the same custom device. This would be useful if the operator has several AES-201 cards.

To preserve this capability, enable Preallocated clone reentrant execution from the subVI by navigating to File » VI
Properties » Execution. For more information, refer to the LabVIEW Help topic Reentrancy: Allowing Simultane-
ous Calls to the Same SubVI.

Final Initialization VI

The final Initialization VI creates two sections.

1. Hardware Inputs, with eight output channels.

2. Hardware Enables, with eight input channels. Note: We will also create an input channel for the software trigger.

|DB"|'II:G Item Ref in

o il

|ermr in o errar) [

reate Hardware Inputs section and
reate 8 output channels, each with
property called FilterEn. Override
he defauk channel page.

Create Hardware Enables
saction and creste 3 input
channgls.

Create a single | |
SMEBTrig input ¥
channel. :

Hardweare Inputs

| s
e
-1 LOES
,;:"' ADENCh

b

|

|

|

. Device Itemn Fef out I
PG |

|

' |

S Q| emor out |

.= e |

j |

|

Configure the Main Page

Now that the initialization routine is complete, we should configure the main page. We will use a type definition combo
box to set the range of the AES-201. Add the type definition to the AES-201 System Explorer.Vlib.

46

Chapter 2.

Implement the Custom Device


https://zone.ni.com/reference/en-XX/help/371361R-01/lvdialog/vi_properties_dialog_box/
https://zone.ni.com/reference/en-XX/help/371361R-01/lvdialog/vi_properties_dialog_box/
https://zone.ni.com/reference/en-XX/help/371361R-01/lvdialog/execution/
https://zone.ni.com/reference/en-XX/help/371361R-01/lvconcepts/reentrancy/
https://zone.ni.com/reference/en-XX/help/371361R-01/lvconcepts/reentrancy/

VeriStand Custom Device Handbook, Release 1.0.0

[ vahues match Ttams

Ttatts Vakug Tl
£1¥ One Yok g

oo ]
sy v
| Move Down |

[ allow undefined valyes sk run time

Lok | [ cocet | [ roo |

Modify the main page so the operator can set the range of the device.

Note: You do not have to override the main page with a custom page. You can modify the main page directly.

fx1v E

L ADstaPeomChec ], B b being
dptized dats from your SES-201 inba
e Wl WeriStand syshem. The bz
s s LI pamy s L e e
b el o

Lh ADErCh]. 0 o enabls o
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Add another string to the global variable for the range property.

Add an event case to the main page that sets the range property when the operator changes the value of the control.
=

M =] "Configure Range": Yalue Change

Configure Range @

[ e |
o WA

The engine will need to know how to address the board. Add another control so the operator can configure the Resource
Number.
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———— =)
{3 AFS-201 Custom Device. Ivlib:AES-201 Main Page.vi Front Panel on AES-201 Custom Device Pro... - | 05

A TR

File Edkt Yiew Project Operate Tools ‘Window Help

o =w T T ORI

3] @]E“ 13t Appiication ot |~ | |3~ T[] (5]

Resource Number = Configure Range

0 EINY ;

| Use ADDataFromCh<l,.B3 to bring
jdigitized data From your AES-201 into
\the MI YeriStand system. The 6Hz

- single-pole LPF may be toggled From
4ithe channel page.

Use ADENCh<1..82 to enable or
“disable the channel. Zero disables the
(channel. Mon-zero enables the
“channel,

|

:
N

=

Add the Resource Number as an event case to set the resource number property.
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T 4] "Resour cm Nurreer™; Value Changs ]

Read the device’s resource name and range into the corresponding controls in the initialization frame similarly to the
extra channel page’s filter property.

Initialization code

1' » ADescription |

P |Marne H » Al ame |

CDEY I coey
@®Range ) 1V |* .‘E: @ Resource Number b u_‘f:

L
]
=
™
=

String ~ 32 *

[ » A Configure Range } » AResource Number

O00000000000000000000000000000000000C

Build the Final Configuration

Build the custom device and inspect the hierarchy, sections, channels, main page, and extra pages.
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2.1.4 Build the Driver

The AES-201 comes with a simple LabVIEW API. We will use the API to build the RT driver portion of the custom
device.

41 AES-201

Pl
][]

Functions in the API call into the hardware DLL. This is typical of a LabVIEW API. This paradigm requires the
developer to post the DLL to the execution host
AT

Hmam i i

AES- 20 Al

Lol ?.t
erroe i ez eiver ) [T 18 i) & . it
Rasenscs Msster [100) I Il

|

‘ EE—

E‘ﬁ i = RES-201

i é E!umua.wm -
Range
“wm—r .

Modify the custom device to package the DLL with the custom device and deploy it to the execution host
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2.1.5 Add Custom Device Dependencies
Shared libraries are typically .dl! files on Windows operating systems and .so files on Linux systems. If you’re building
a custom device for a PXI target, you will be working with .so files.

There are two parts to packaging dependencies. First, you need to incorporate the dependency into the LabVIEW
Project.

| B3 Conliguistion Properiies =
Y Source Fles
sréormarer
l:-nlw'l: B ey st -
Sourcs Fis Jatrgn =N I AES-TR1 Man Fam.A
Wdbvaresd =3 + Custoe Deven AES-2T4 ot
ke L ul i Esb P 30
FrafPod Buld Ao B B2 Cuastom Smacs okl warable =T
P -l - P v
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] o o Exha i
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= [ ——
= P
- | ML =
L3
: Meryn ki ~
-
"
L3
ks Puree Comba Bosit
=
) st fricn ity
-
i ) w
o [ x| cees |[_res |

Add the DLL to the custom device LabVIEW library.
Modify the configuration’s Source Distribution by adding the DLL to the Always Included list.

Be sure to note the location of the support directory. In this case it’s C:\Documents and Settings\All Users\
Documents\National Instruments\NI VeriStand 2018\Custom Devices\AES- 201\Data.

e |
Cabwgory De=strations
Y L Bl
an i ey
Trarains Crdrotoe -
Soaren Pl Sattings: e e
Apegruied mreer i
Addora Lo mors T S
PrafPoa Bukd Actons Desstoraeor path e
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Cavacaa A - I0E Dk
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5

Set the destination directory for the DLL to the support directory.
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When you build the configuration, LabVIEW sends the DLL to the support directory.

The second part to packaging dependencies is in incorporating the dependency into the custom device. Use the Add

Custom Device Dependencies VI to deploy the library to the execution host.

NI VeriStand — Add Custom Device Dependencies VI
Owning Palette: Dependencies Vs

Adds dependencies to a custom device.

Device Refin J‘Eﬂ@l_ Device Ref out
Dependencies B

: L]
errar in {no error) == error out

[UedH Device Refin is the NI VeriStand reference to the custom device.

[[=-©» Dependencies is an array of Custom Device File Dependency controls.

[*—<¥ Path is the path and file name of the dependency

< H Type is absolute or relative to one of NI VeriStand’s built-in file paths. See the What is a Custom
Device for a list of built-in file paths.

[>=# RT Destination specifies the directory and file name of the dependency on the execution host

Force Download terminal must be false.

(D ﬂ SupportedTarget specifies the target operating systems that will receive the dependency

abc ¥ Version

error in describes error conditions that occur before this node runs. This input provides standard error in
functionality.

[poen]| Device Ref out is a duplicate of the Device Ref in.

error out contains error information. This output provides standard error out functionality.

There are several other VIs in the VeriStand Dependencies VIs palette that operate on custom device dependencies.

They can be found by navigating to the following locations.
¢ Dependencies VIs » Get Custom Device Dependencies
¢ Dependencies VIs » Reset Custom Device Dependencies

Add the custom device dependency to the Initialization VI.

2.1. Implementing a Custom Device
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O 2010
(__ B B SR S v R
| Create Hardware Inputs section and Create Hardware Enables Create a single Add the custom

create 8 output channels, each with section and create 8 input SMETrig input device dil |

| a property called FilterEn, Override channels, channel, dependency. |

| e default channel page.

| Hardware Inputs Hardware Enables Device Item Ref out |

| Device Item Ref in = I

|err0r n (no error) E e+ || [@ADDatarromch GUID Y, + o

| Stk {é; L ﬁﬂ 3 ﬁ‘g+ |

Custom XML |

|G

| E’ ..... T —— |

| % custom devices\aes-201\datalAES-201  dil |
Type |

| “To Common Data Dir |

| RT Destination 7
%c:'l.ni-rt'l.\te_riStand'qCustnrn Devices|AES-201VAES-201 . dl |

| ForceDownload? 7 |

| , '

L____K”______________’_’______________/

As a result, the Initialization VI adds the DLL to the project dependency list while running.

L/ Project Explorer - Blank Project. nivsproj B =%)

File Edt Operate Tools Help

% X | & 082

=i Blank Project.nivsprol

i:-[ﬁ; System Definkion File
Warkspace
SErvicEs
Prafies
Blarm Respanss

4 3 Custom Files

=7 Depandences

B} AES-201.8 5 T : 5 seiskand 2010hcustom de

[@ AES-201 Engine. B [C:Documents and SettingstAl LisersiDooumentsibiational Irstruments\NT YeriStand 20104 Custom Desvioes\AES-2011AES-201 Engine, ib]
[@ Blank Praject. nivsscreen [C:Documents and SettingsiAll LisersiDocumentsihational Irstruments\NT VeriStand 20104 Projects|Blank Project|Blank Project rivsscresn]
[@ Blank Project.rivesdf [C:\Documents ard SettingsiAll UsersiDocumants|Nationsl Instrument siNT VeriStand 201 0\Projects\Blank ProjectiBlank Project . nivssdf]
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You must direct the engine to the .so file on the target. Use either of the following methods.

* Deploy the .so file to a folder in RT’s search path. By default, the path is C:\ni-rt\system.

* (Recommended) Use a global variable that points to the absolute path of the DLL on the target.

{3 AES-201.Ivclass:Path_to_AES_DLL.vi Front Panelon AES-201 ... [~ |[O0/C3

File Edit View Project Operate Tools Window Help

13pt Application Font ivl|;,;,vl e || t;;vl
-——l———l——l———l]j—

@ '@[E

% c:\ni-rt\VeriStandiCustom Devices\AES-2011AES-201 . dI =
e e VB e LIS e

L0 9 1 0 . T 0 L U L i U U
AES-201 Custom Device Project.lvprajfMy Cnmputerl( } _ i

)

For ease of maintenance, deploy the .so file to C:\ni-rt\VeriStand\Custom Devices\<Custom Device Name>\

<library>.so.

Read the range and resource number properties from the custom device reference. Recall that you must read the property

from the correct item and that we set these properties to the top-level device reference.

Call the AES-201 API to initialize the board according to the property values.

W[Irkizkze", Default =P

rolue 'E :
Jirivsizing AES-201 board ] |
7 = i

@ecource Number

—

g 2t

[ [There was 3 problem |~
initiglizing the AES- abe
201, =

Read Item Property /

Coerce the property
value to a data for
API

Call the
hardware
API

If the operator didn’t trigger the event to set the property, there won’t be a property to read. Instead of throwing an

error, default to the value of your choice and call the API accordingly.
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@ Recource Nurmber b

Use a default value if
the property is not
found.

Note: You should print a few strings to the console to tell the operator what is happening.

The inline HW custom device uses a feedback node to pass state data between states. Add the AES-201 state data to
the feedback node’s cluster.

This LabVIEW object represents all the state data needed to use the AES-201 in subsequent states.

T e e g

—Eg oL
e[
N e
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CH&H = '— ﬂwﬂm -] TR E '— HTJ[* -
0 ] mEwes |
TEror <P
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Add the input and output channel references to the state data cluster.

[“Initislize”, Defauk

The input channel references

The input channel data :
references i

J

[ [There was a problen

| | initiskzing the aES-
201.

The output channels are for ADDataFromCh<1..8>. Check the filter property on each output channel reference and
call the AES-201 API to set the filter accordingly.

E ] "Start”

AES-201 =
=+ | Output Channel References |

Device Error

Tavannnns

/

Return FALSE if the
property is not found.

af

After the custom device has been configured and deployed, VeriStand will no longer exchange property information
between the host computer and execution host.

Since we implemented the filter as a property, we will call the AES-201 API in the Start case. If the operator wants to
toggle the filter, they must reconfigure the device in System Explorer.

After configuring the hardware, we will request an A/D sample. For this custom device, the Read Data from HW case
will be useful for this operation.
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[Read Data From MW" v

Divice Error [ Bead Hardware Channels
JooDoooopogoogoooooooooDooooone

Chervica Erro

Replace the Read Hardware Channels frame with the API call to digitize. Convert the 32-bit raw data to DBL data,
depending on the range of the AES-201.

Cutput Refs
Ly AES-201  |=LS S
Device Ermor &o” |

Query the range Digitize Convert to DBL P

Send the channel data to the rest of the VeriStand system by writing to the Output Reference.
Output Refs

|
AES-201 "RLS 5

-
Device Error :_ i

4] =0 Fa
=
£ R

l4

P EIv Defadt <P

147483647

Write N VeriStand Channels | ~

For flat hierarchies, the reference array corresponds one-to-one with channels. This is because they were created on
the host computer. The first channel created is the Oth element of the array.
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For non-flat hierarchies, the reference array corresponds top-down and one-to-one with channels as they were created.
Channels at the highest level of the hierarchy appear first in the array, then subsequent levels channels appear in the
order they were created.

Robust custom devices do not depend on any particular order of channel references. Unique properties or GUIDs
should be used to ensure the driver VI operates on the correct channel.

By default, the AES-201 inputs are enabled. You must build the custom device, enable filtering on all channels, add it
to a new system definition, and deploy the project.

File  Tools
Target MachinefIP Local Port

10.0.36.163 Ml |45 Connect | | Hold Screen | [“oisplay colors?

J Target: 10,0.35.163 Close |

Check the console for messages to determine if the non-default configuration is active. You should also map the
ADDataFromCh<I..8> channels to a simple graph to ensure they display the expected signals.
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Now we will process the software enable channels. For this custom device, the Write Data to HW case is useful.

R "veite Datato <D

Wirite Input Data to Hardware Channels
o i o i i |

Read Input Values from System

N]

b | Input Refs |.T.| —1a Dievvice Error
Deenvice Error r

. o=peb | code |

i
y
="

4
i EI z

OO OO0 DO OOOOI

The SWTrig channel is higher than the ADEnCh<1..8> input channels in the hierarchy. Even though SWTrig was

created last, it is the first channel in the input channel reference array.
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Read Input Values From System
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= | Input Ref
Device Error
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We will skip the SWTrig channel reference for now and read the eight enable channels.

Make a call to the AES-201 only if the enable channel value has changed. Enable the hardware channel if the VeriStand
channel does not equal zero.

Read Inpuk Values From System E
M

Skip the swTrig channel

Only call the API if the enable channel has changed value .

2.1.6 Channel Change Detection

You can build change detection into the custom device engine so it does not perform actions if the data has not changed.
This will cause differing execution times depending on data.

Note: This is not considered jitter unless the code fails to meet determinism requirements.

There are a variety of change detection methods. We will briefly discuss two of them. They are simple change detection
and change detection with tolerance.

The following LabVIEW code is an example of simple change detection.
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Simple change detection can fail due to floating point precision issues. Change detection with tolerance avoids these
precision issues. You should use tolerances that avoid false triggers.

The following LabVIEW code is an example of change detection with tolerance.

Tolerence

DEI P‘—I

Rebuild the device and add eight Boolean controls to the workspace. Map each control to the corresponding
ADEnCh<I..8> channel.
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& Item Properties E
General | Format & Precision | Limits & Warnings
Channel
...5tom Devices/AES-201/Hardwiare Enables/ADENChL
Control Label:
ADERCh1
Default Units: Mew Uiniks:
Boolean [#]Use Defaulk Units?
Scale Factor: Offset:
1 = 0 -
ok | [ cancel

You should now be able to toggle the channels on and off from the workspace. In this example, disabled channels hold
the last sample.

| Workpace - Blask Preject ood|
e Dok foeen e Eder 0
= - S ¥ g5 oo g 5l E-C_,
=5 e
j 'I‘w-ll.llglr\d:
[ v
ok vt e W
) ==
ok it e W
e e [ - e s | TN
Han
[ Jo s
ADECHT s ADERCHS -
ADERCH2 @l  ADERCHE e
ADERCHS & ADEnChT =
ADENCHA <& ADEnCh& S

Planning is very important. Because we thoroughly planned the AES-201 custom device before we started writing
code, it was fairly straightforward to implement.
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CHAPTER
THREE

DEBUGGING AND BENCHMARKING

3.1 Debugging and Benchmarking

Use LabVIEW and VeriStand to debug and benchmark custom devices as you would any other code during develop-
ment.

3.1.1 LabVIEW Debugging Techniques

Custom devices are written in LabVIEW code. You can develop, test, and debug this code in LabVIEW before running
the niveristand-custom-device-wizard. Use built-in LabVIEW debugging techniques during development and merge
your resulting LabVIEW code into the custom device framework.

A custom device is one of many parts of the system definition. Behavior of LabVIEW code within the custom device
framework, such as timing, will likely differ from a stand-alone LabVIEW application. You should benchmark the
custom device inside of the VeriStand Engine.

Once custom devices are added to the system definition, they are fully integrated into the VeriStand context. Built-in
LabVIEW debugging techniques will no longer be available.

3.1.2 Console Viewer

The Console Viewer is a subcomponent of the VeriStand Real-Time (RT) Engine.

You can install the Console Viewer to the target with NI Measurement and Automation Explorer (MAX). Once installed,
the component runs a small UDP daemon that allows the operator to view the console. You can access the Console
Viewer from the VeriStand Editor by clicking Tool Launcher » View Console.

Note: You cannot use the Console Viewer on NI Linux Real-Time targets. Instead, connect your NI Linux Real-Time
targets to a computer using a serial port to view the output.

The Console Viewer provides a periodic snapshot of the system definition and resulting CPU usage. The viewer can
also display debugging messages.
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B2 view Console — >
File

Target Machine,IF Local Port

localhost w 4576 = Hold Screen Display colors?

) Target: localhost Close

CPU spikes and transients may not be observable. If the system is busy, the Console Viewer may not update. You can
use other debugging methods for a more accurate indication of resource utilization.

The Console Viewer is also available as a stand-alone add-on to LabVIEW Real-Time. For more information, refer to
Remotely View Console Output of Real-Time Targets.

3.1.3 Custom Error Codes

You can define custom error codes in LabVIEW and distribute them to VeriStand with a custom device.

1. Copy acustom errors.txt file to VeriStand in the <Base>\National Instruments\Shared\Errors\English
directory.

2. Add the file as a dependency in the custom device.
3. Add the file as a dependency in the custom device XML file.

4. (Optional) For RT targets, deploy the errors.zxt file to the error directory on target. Error messages will display
in Console Viewer.

For more information, refer to Defining Custom Error Codes to Distribute throughout Your Application.
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3.1.4 Printing With the Print Debug Line VI

The recommended method of printing to the console is to use the NI VeriStand - Print Debug Line VI.

This VI works on both Windows and RT execution hosts. Use the optional Attribute input to change the color of the
text. You can also use the optional Add to log file? (F) input to append the string to the VeriStand log file.

To locate this VI in LabVIEW, navigate to Custom Device API » Utilities.

C\..Is\Custom Device Utility Library\NI VeriStand - Print Debug Line.vi

Attribute

Message ~
Add to log file? (F)

error out

Append newling? (T} -

error in (no error)

3.1.5 Printing with RT Debug String VI

The RT Debug String VI sends a string to the standard output device.

By default, this VI sends the debug string to the video port. If you have a device capable of serial redirection, the debug
string is sent to the serial port.

To locate this VI in LabVIEW, navigate to Real-Time » RT Utilities.

Skring ko write
Interface - abc

WISA resource name “j“mﬂ BT errar ouk

error in (no error)

3.1.6 Telemetry Custom Device

The Telemetry Custom Device supports VeriStand benchmarking by logging system channels and monitoring target
resources. Usage data is logged to a TDMS file on the target that is running the VeriStand Engine.

3.1.7 System Channels

VeriStand includes system channels that provide information on internal processes. Several of these system channels
are useful for benchmarking and debugging.

The following table contains examples of debugging and benchmarking system channels.

System Channel | Description

HP Count The number of times the Primary Control Loop reported being late.

HP Loop Duration | The duration of the Primary Control Loop in nanoseconds.

LP Count The number of times the Data Processing Loop reported being late.

Model Count The number of times the models have not completed their execution in time.

If the value of the count channels increase over time, the target is not achieving the desired loop rates. You can use the
system channels in conjunction with an alarm or procedure to handle events.
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3.1.8 System Monitor Custom Device

The System Monitor Custom Device tracks memory resources and CPU usage on an RT target running the VeriStand
Engine. Set the update rate (Hz) in System Explorer to determine how often the custom device checks CPU and memory
usage and sends them to the corresponding channel.

Note: The VeriStand System Monitor can only be used on an RT target.

3.1.9 Distributed System Manager
You can use the NI Distributed System Manager (DSM) to monitor the CPU and memory resources of an RT target.
You must install System State Publisher on the RT target.

This component runs a small daemon that publishes the system state to DSM. For more information, refer to Monitor
RT target resources.

System State Publisher provides a periodic snapshot of utilization. CPU spikes and transients may not be observable.
If the system is busy, DSM may not update. You can use other debugging methods for a more accurate indication of
resource utilization.

3.1.10 Real-Time Trace Viewer

VeriStand provides built-in support for the Real-Time Trace Viewer and Real-Time Trace Viewer VIs. Use the trace
viewer to capture the timing and execution data of a VI and thread events for applications running on an RT target.

To display the Real-Time Trace Viewer in a LabVIEW VI, click Tools » Real-Time Module » Trace Viewer. For
more info on how to use Real-Time Trace Viewer, refer to the LabVIEW Help topic Real-Time Trace Viewer.

3.1.11 Additional Debugging Options for VeriStand

Upon request, NI can provide advanced debugging tools to help you resolve certain custom device issues. These tools
are a last resort when all other debugging options have been exhausted. For more information, contact NI.
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CHAPTER
FOUR

DISTRIBUTING THE CUSTOM DEVICE

4.1 Distributing the Custom Device

After building, debugging, validating, and benchmarking the custom device, you need to package the device for others
to use.

As with most applications, you can streamline distribution in two ways.
* With an Installe—For more information, refer to the LabVIEW Help topic (Windows) Installer Properties.

* With a Package for Distribution—For more information, refer to the LabVIEW Help topic Creating Packages for
Distribution.
NI recommends distributing the custom device by copying the necessary files into a simple folder hierarchy. The

top-level folder should contain the following items.

1. Build folder - Contains files for operator to copy to the <Common Data>\Custom Devices\ VeriStand directory.
This will add the custom device to the system definition.

2. Source folder - Contains the LabVIEW Project used to create the custom device and any supporting libraries and
dependencies required to build the custom device. For example, the AES-201 custom device would ship with
the LabVIEW API and hardware DLL.

3. Readme file - Contains instructions for installing, licensing, using, and modifying the custom device. The file
should also contain contact information if you plan to support the device or a disclaimer if you do not plan to
support the device. The Readme file is a good place to store any benchmarking information.

Note: Do not include the Custom Device APL.IVIib files with the distribution. You do not want to replace the library on
the operator’s machine or change the library linking on your machine.

The following image demonstrates the distribution folder hierarchy for the AES-201 custom device.
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AES-201 Custom Device
File Edit Wiew Favorites Tools Help .#'
Qe - © - (T Oseacn [yrokers [ 37 X ¥) [

Address Ilf:‘) C:Documents and Settingsskarcher\DeskioplAES-201 Custom Device El 130

[ Size | Type Date Modified
File Folder 1112010 1:10PM
File Folder 11/1/2010 1:11 PM
:m I -~ |AES-201 Readme.pdf 119KE Adobe &crobat Doc...  11/1f2010 2:15 PM
FRES 01
| Custom |
{Device.zip;
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CHAPTER
FIVE

CUSTOM DEVICE TIPS AND TRICKS

5.1 Custom Device Tips and Tricks

Use the following information to help you develop custom devices.

5.1.1 Using Custom Device Engine Events

After deploying a custom device, internal channels exchange data. If the channels are insufficient or overly cumbersome,
you can implement your own communication mechanism.

VeriStand provides access to its own TCP pipe. You do not have to maintain the connection. This pipe facilitates
readable text and byte array data.

In LabVIEW, navigate to NI VeriStand » Custom Device API » Driver Functions to find NI VeriStand - Register
Custom Device Engine Events.vi. This VI provides three dynamic events that can be registered in any VI with a reference
to the custom device.

1. Shut Down
2. Message (Byte Array)
3. Message (String)

The following image displays the VI interface for registering VeriStand Dynamic Events.
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a Edit Events O X

Event case

[0] ~

Event Specifiers

Event Source Event ~
Event Sources Events
<Application» ~ ~
<This VI»
Dynamic
<Shut Down>: User Event
<Message (Byte Array)>: User Event
<Message (5tring)>: User Event
Panes
Controls
v v
v < > < >
< >
+  AddEvent Remowve [ Lock panel (defer processing of user actions) until the event case completes
[ Limit maximurm instances of this event in event queue
1 |Instances
Define the new event specifier by selecting an event source and event from the lists above.
oK Cancel Help

The two message events activate when NI VeriStand — Send Custom Device Message.vi is called. The following Lab-
VIEW code displays how to send information to VeriStand’s Dynamic Message Events.
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= (1] Serd String Comnand: Value Change

L

[Send & string message bo the Custom Device. The String Data and String Command must inchade
jonly readable bext. For instance, it cannot include any null characters. & timeout error is returned
i the Custom Device does nok send a response in the specifisd amount of time.,

|| theival |

String Response
PRREREPREREY i |uh_.'_'-:

Tirnesout e (S000)

To view an example of the dynamic event pipe, navigate to the <LabVIEW>\examples\NI VeriStand\Custom
Devices\Communication Example\ directory and open Communication Example Custom Device Project.lvproj.

5.1.2 Processing Channel Data in Blocks
For inline hardware and inline model custom devices with many channels, it is more efficient to read and write channel
data using block data references.

In LabVIEW, navigate to NI VeriStand » Custom Device API » Driver Functions » Data References to find the
following VIs to work with block data references.

¢ Get Channel Block Data References
* Get Channel Values by Block Data Reference
* Set Channel Values by Block Data Reference

The following initialization code generates a list of output channel references.
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Channel data references | :

Instead of output channel references, modify the state data cluster to obtain block references to the output channels.

[ﬂlWritg- 'Hnmn j— ‘,"'

| Block data references |
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The original version of the custom device automatically creates an index of each channel data reference.

H .
[ Cdp ek i 1 i
A1 E-m:% ] M=
e
i) . ﬁ =
- =
]

Devrices Exrie
g AT R
~JGE)

f R [E:' -

1)

Auto indexing channel data references

#’

You should modify this code to write the block reference. In the following example, the channel block data references
are written together outside the loop rather than channel-by-channel within the loop.

E :x.f.:q.ri-.l-w —Iml:J

]
Writing block data references :’”ﬂf

5.1.3 Working with String Constants

While developing custom devices, property names and GUIDs are represented as strings.

These case-sensitive strings can be difficult to use. GUIDs in particular are long and likely to produce typo errors. Use
LabVIEW global variables or a type definition combo box control instead.

These alternatives have the following considerations.
* Global Variable - Ensure that you have set the correct default value for the control.

* Type Definition Combo Box - On the Properties dialog box, use the Edit Items tab to disable Values match Items.
This control type does not auto-update from its type definition. You must completely populate the control before
using it on a block diagram.

5.1.4 Creating Custom Error Codes

You can define custom error codes in LabVIEW and distribute them to VeriStand with a custom device.

1. Copy acustom errors.txt file to VeriStand in the <Base>\National Instruments\Shared\Errors\English
directory.

2. Add the file as a dependency in the custom device.
3. Add the file as a dependency in the custom device XML file.

4. (Optional) For real-time targets, deploy the errors.txt file to the error directory on target. Error messages will
display in Console Viewer.

For more information, refer to Defining Custom Error Codes to Distribute throughout Your Application.
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5.1.5 Using Utility VIs

In LabVIEW, navigate to NI VeriStand » Custom Device API » Utilities for useful custom device development VlIs.

For information on the VIs in this palette, refer to the context help documentation.

5.1.6 Sort Channels by FIFO Location

In LabVIEW, navigate to NI VeriStand » Custom Device API » Utilities to find the Get Channel FIFO Buffer Index.vi.
This VI returns the FIFO buffer index for the input or output channel reference.

Use this function for Asynchronous Custom Device channels to determine what index to read or write in the FIFO
arrays. The VI also returns which FIFO Buffer (Input or Output) the channel will be located in.

Note: This function is only intended for Asynchronous Custom Devices.
You can use this VI in a custom device to read a list of DAQmzx thermocouple inputs.

1. Sort the channel references in the order they appear in the custom device FIFO.

[N '
- Channel References sorted by FIFG location |
e = =l [ THE

There are several advantages to this architecture. The operator is free to add, remove, and reorder channels. Only the
desired channels are configured. This makes writing data to the custom device FIFO efficient.

The following code writes multiple hardware channels directly to the custom device FIFO.
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|— = Dev, Qutputs =
RT FIFO Write
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@HE Lo BT
Analeg 1D DBL

MChan 15amp

The hardware data returns from the DAQmzx driver in the same order as the channel references in the asynchronous
custom device FIFO.

5.1.7 Triggering Within the Custom Device
You can set up a custom device to run code when a specified event occurs. Implementing value-triggering is as simple
as comparing AEEnCh<1..8> channel values to the previous iteration.

In LabVIEW, navigate to Signal Processing » Point by Point » Other Functions to find the Boolean Crossing Point
by Point VI. This VI is useful for triggering events.

Recall the Write Data to HW state that reads VeriStand Channels. Add the following code to check the software trigger.
d ~iribe Dot b HW™ 'b

Check the SWTrig channel and handle any transition accordingly.

d —iribe Dot by HW™ 'b

o gt Vohes b Sritem
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The triggering VI is useful in asynchronous custom devices that do not execute in line with the primary control loop
(PCL). An asynchronous device might iterate multiple times in a single iteration of the PCL. This triggering VI will
only assert on the desired edge of the transition.

5.1.8 Adding Extra Pages After Creating the Custom Device Project
If your Custom Device requires additional pages for sections or channels, you can specify their names before generating
the LabVIEW project for the device.
Use the niveristand-custom-device-wizard’s Custom Device Extra Page Names control. This tool ensures the follow-
ing.

» The appropriate references are available to the page.

* The necessary declarations go into the Custom Device XML file.

» The Build Specification deploys the page to the correct location.
There are two signs that an extra page has not been added correctly to a custom device.

1. The default section or channel page loads into System Explorer instead of the expected extra page.

2. A System Explorer error message appears. Custom Device Page Error: The following Custom
Device page VI is not executable. The VI might not be found at the correct location,
or it is missing dependencies that it requires to run. Please contact the Custom
Device vendor for more information on this problem.

To add a new page after the framework has been generated, you must manually perform all steps the niveristand-custom-
device-wizard takes. Use LabVIEW Project Explorer to perform the operations.

1. Ensure the device gets the appropriate device reference.
2. Create the page section in the custom device XML file.
3. Modify the configuration build specification.

Note: Incorrect changes to the Custom Device’s XML file can corrupt the system definition.

Ensure Device Has Appropriate Reference

The VeriStand API requires the correct Node Reference input. The VeriStand system is responsible for passing this
reference to the page.

Navigate to Custom Device API.lvlib\Templates\Subpanel Page VI\ for a Page Template VI.

Note: You can copy a page generated by the niveristand-custom-device-wizard, such as the Main page.

Create a XML Page Section

The Custom Device’s XML file tells System Explorer how to load the device files.
1. In Project Explorer, open the custom device XML file.
. Copy the information between Main Page’s <Pages> and </Pages> declarations.
. Paste the section immediately below the </Page> declaration that closes the Main Page section.

2

3

4. Update the <eng>, <loc>, and <Path> tags for the new page.

5. Update the <GUID> to match the GUID of the extra page you created.
6

. Save and close the XML file.
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Modify the Configuration Build Specification
The niveristand-custom-device-wizard scripts two Build Specifications that put the custom device files in the necessary
format and location for System Explorer.

1. Open the Configuration Release’s build specification dialog box.

2. In Source Files, expand the LabVIEW library for your device.
3. Make sure the new page is part of the Always Included section.
4

. In Source Files Settings, ensure the new page in the Project Files tree has the destination set to Custom Device
<Name> Folder.

5. Click OK.
6. Save the LabVIEW project.

You must rebuild the Configuration Release and Engine Release build specifications to deploy changes. You can then
use the extra page as if it were generated by the niveristand-custom-device-wizard.

Note: The niveristand-custom-device-wizard is open source. You can examine the code like any other VI.

5.1.9 Updating Custom Device XML

XML Tags define the settings for a custom device. These elements, and non-standard element types, are defined in the
Custom Device.xsd schema. You can locate this file by navigating to the <Common Data>\Custom Devices directory.
Open the file in an XML or text editor to view the schema hierarchy.

The following example line is from the Custom Device.xsd file.
<xs:element minOccurs="0" name="ActionVIOnDelete" type="Path" />

The name of this tag is ActionVIOnDelete. Adding the tag to the custom device XML runs a VI when the operator
deletes the item from System Explorer.

Note: Experimenting with an XML schema is easier in an empty custom device.

For examples on implementing XML features, refer to VeriStand’s built-in components. These components are found
in the <Application Data>\System Explorer\System Explorer Definition Files directory.

If a tag is opened, use the format </tag_name> to close the tag. If a tag must be specified but has no value, use the
format <tag_name /> to open and close the tag at the same time. This format has the same effect as <tag_name>tag
value</tag_name>.

Delete Protection

Add <DeleteProtection>true<DeleteProtection> to any section in the custom device XML to block users from
deleting that item from the System Explorer configuration tree.
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Limit Max Custom Device Occurrences

Add <MaxOccurrence>N</MaxOccurrence> to the XML underneath the device type to limit the number of instances
of a custom device in a single System Definition.

Rename Protection

Add <DisallowRenaming>true</DisallowRenaming> below the <Name> tag for any page to prevent the operator
from renaming the item.

5.1.10 Using Action Vis

VeriStand contains eight action VI templates that are triggered by different actions.
The following action VI templates are provided by VeriStand in the Custom Device API library.
ActionVIOnLoad

Executes when VeriStand loads a custom device item into memory. This template helps create action VIs that launch
background processes.

For example, if your custom device requires large amounts of data, you can customize this template to start a daemon
that runs processes or gathers data in the background.

ActionVIOnDeleteRequest

Executes when a user tries to delete an item from the custom device. This template helps create action VIs that prevent
a user from deleting a custom device item or warn a user of the implications of deleting a custom device item.

This template has the following unique parameters.
¢ Item Ref—A reference to the custom device item whose XML declaration calls this action VI.

* Refs that are about to get deleted—A 1D array of references to the items to be deleted. The 1D array will only
contain one reference. Users can only delete one item at a time in System Explorer.

* Discard reason—An output that captures the user’s reason for deleting the item.

* Discard delete request?>—A Boolean to discard the delete request after the action VI finishes executing. If
True, VeriStand will not delete the item. If False, VeriStand will delete the item.

* Additional items to delete—An array of references to additional items to delete. For example, if other custom
device items depend on the item the user wants to delete, you can use this output to automatically delete those
items as well.

ActionVIOnDelete

Executes after a user deletes an item from the custom device. You can use this template to alert users which channel
mappings break when they delete the custom device item. You can also customize the template to reconfigure hardware.

For example, if the user deletes a page that specifies custom configuration data for your hardware, you can have the VI
return the configuration to default settings.

ActionVIOnSystemShutdown

Executes when System Explorer closes. You can customize this template to close hardware connections or to close
daemons you launch from an ActionVIOnLoad VI

The template has the following unique parameters.

¢ Device Item Ref—Reference to the custom device item whose XML declaration calls this action VI.
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Unload SDF?—Indicates whether or not the system definition was unloaded. Unload SDF? is always True.

Saved?—Indicates whether or not a user saved the system definition file before closing System Explorer.
* Path—Disk path to the system definition file.

* System Explorer Shutdown?—Indicates whether or not System Explorer closed. This parameter is always
True.

ActionVIOnSave

Executes when a user saves the system definition. For example, you can customize this template to log each time the
custom device is saved.

ActionVIOnDownload

Executes when a user deploys the system definition containing the custom device to a real-time target.

Note: This action VI does not execute if a user deploys the system definition to a Windows target.

This template helps create action VIs that finalize the target configuration after you deploy the system definition.

You can also customize this template to deploy any additional files or dependencies your custom device requires. For
example, if your custom device reads and writes to shared variables, you can deploy those variables.

The template has the following unique parameters.
¢ Device Item Ref in—A reference to the custom device item whose XML declaration calls this action VI.

* ftp session—The Open FTP session used to download the system definition to the target. You can use this open
session to move additional files to the target.

 System Definition Dir—A path to the system definition file on disk.

e IP Address—The IP address of the target.

* ftp session out—An open FTP session used to download the system definition file to the target.
ActionVIOnPaste

Executes when a user pastes a custom device item. This template helps create action VIs that check channel properties.
For example, if the user pastes a page that configures a target, you can create an action VI to ensure that the new page
does not attempt to reconfigure the target.

You can also customize this template to prompt a user to enter new values for the pasted item. For example, if a user
pastes a page that will conflict with existing pages, you can prompt the user to enter new values for the page.

The template has the following unique parameters.
* Ptr in—A reference to the custom device item whose XML declaration calls this action VI.
* Parent—A reference to the parent of the custom device item whose XML declaration calls this action VL.

« All Ptrs—An array of references to the items the user pasted. You can only select one item to copy. This array
only contains one reference that matches the Ptr in reference.

ActionVIOnCompile
Executes when VeriStand compiles the system definition file.
Note: If you deploy, undeploy, and redeploy a system definition without making changes, this template does not execute.

You can customize this template to finish configuring your hardware. The system definition file compiles when a user
deploys the system definition. This means you can configure your hardware based on the final settings from the system
definition.
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You can also customize the template to quickly gather host-side settings. For example, often the custom device RT
Engine VI uses properties set in the system definition. You can customize this template to read the values on the host
side. This is faster than reading them from the real-time target.

You can then gather the properties into a single cluster, convert that cluster to a data variant, and write the variant as a
single item property.

5.1.11 Adding Toolbar buttons

A Toolbar button appears in the toolbar of System Explorer. These buttons only appear when displaying the config-
uration page associated with the button.

Within the <Page> tags for an item, you can use the <ButtonList> tag to configure the toolbar buttons that appear
with the item’s configuration page. Each <Button> must include a unique <ID> string that identifies the button. The
toolbar button displays by default.

In each page VI, you can use the Disable Dynamic Button VI and the Enable Dynamic Button VI to dynamically disable
and enable a button for that page based on its unique ID. These VIs are useful when you want the toolbar button to
appear only when certain conditions are true.

These VIs are located in the labview\vi.1lib\NI VeriStand\Custom Device API directory.

The following XML schema is an example framework you can use to implement a toolbar button.
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<RunTimeMenu/>
<ButtonList>
<Button>
<ID>A unique button ID</ID>
<Glyph>
<Type>To Application Data Dir</Type>
<Path>System Explorer\Glyphs\abc.png</Path>
</Glyph>
<Type>Type Enum</Type>
<ReferencedEUID></ReferencedEUID:>
<ButtonText>
<eng>Button Text</eng>
<locx»Button Text</loc>
</ButtonText>
<Caption>
<eng>Button Caption</eng>
<loc>Button Caption</loc>
</Caption>
<TipStrip>
<eng>Button Tip</eng>
<loc>Button Tip</loc>
Sl TipSLrips
<Documentation>
<eng></eng>
< ey logs
</Documentation>
</Button>
</ButtonList>

5.1.12 Adding shortcut menus

A shortcut menu for an item appears when you right-click the item in System Explorer.

Within the <Page> tags for an item, you can use the <RunTimeMenu> tag to configure the shortcut menu for the item.
Each <MenuItem> you add under <RunTimeMenu> includes an <Item2Launch> section. This section specifies a VI
to run when an operator selects the menu item.

The Custom Device API library includes a template for this VI. Navigate to the labview\vi.1lib\NI VeriStand\
Custom Device API directory and open RunTimeMenu Custom Item 2 Launch.vit.

The following XML schema is an example framework you can use to implement a shortcut menu.
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</ItemZ2Launch>
<RunTimeMenu>
<Menultem:>
<GUID>GUID</GUID>
<Type>Type Enum</Type>
<Execution>Execution Enum</Execution>
<Position>Position Enum</Position>
<Behavior>Behavior Enum</Behavior>
<Name>
<eng>Extra Page Name</eng>
<loc>Extra Page Name</loc>
</Name>
<ITtemZ2Launch>
<Type>To Common Doc Dir</Type>
<Path>...\Configuration.1llb\Extra Page Name.vi</Path>
</ItemZ2Launch>
</Menultem>
</RunTimeMenu>

5.2 Scripting APIs

Scripting APIs use LabVIEW VIs to configure custom devices in a VeriStand system definition file.

Depending on how much functionality was made available through scripting, users can change basic settings or fully
configure a custom device. You can develop a scripting API to create flexible and reusable system definition files.

5.2.1 NI Supported Scripting APIs

NI has developed scripting APIs for some custom devices.

One example is the FPGA Addon Scripting API. The following image displays how the API appears in LabVIEW.

4+ Q Search W Customize¥

] R T ] Al re 2]
(5

Custom Device Bitfile Resources Litilities

The following custom devices also have a scripting API.
¢ Instrument Addon Scripting API
* Routing and Faulting Scripting API

* Engine Simulation Toolkit Scripting API
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https://github.com/ni/niveristand-fpga-addon-custom-device/blob/main/Source/Quick%20Start%20Documentation/FPGA%20Addon%20Quick%20Start%20Guide.md#scripting-api
https://github.com/ni/niveristand-instrument-addon-custom-device/blob/main/Source/Quick%20Start%20Documentation/Instrument%20Addon%20Quick%20Start%20Guide.md#scripting-api
https://github.com/ni/niveristand-routing-and-faulting-custom-device/blob/main/Docs/User%20Guide.md#scripting-api
https://github.com/ni/niveristand-engine-simulation-toolkit-custom-device/tree/main/Source/Scripting%20API
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e Communications Bus Template Scripting API
* Ballard ARINC 429 Scripting API
* Ballard MIL-STD-1553 Scripting API
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https://github.com/ni/niveristand-communications-bus-template/tree/main/Source/Custom%20Device%20Support/Scripting
https://github.com/ni/niveristand-ballard-arinc429-custom-device/blob/main/Docs/User%20Guide/User%20Guide.md#scripting-the-custom-device-configuration
https://github.com/ni/niveristand-ballard-milStd1553-custom-device/tree/main/Source/Scripting%20Examples
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