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Standard1

First
Published Description

SysML® XMI® tool specific Systems Modeling Language XMI
eXpressML™ 2018 eXpress Diagnostic Model Markup Language

DiagML™ 2001 Diagnostic Markup Language
IEEE 1641 2004 Signal and Test Definition

IEEE 1671.1 2009 ATML2 Test Description
IEEE 1671.2 2008 ATML Instrument Description
IEEE 1671.6 2008 ATML Test Station Description
IEEE 1636.1 2007 Test Results and Session Information

1SysML and XMI are registered trademarks of the Object Management Group®

  eXpresssML and DiagML are trademarks of DSI International, Inc.
2ATML is the “Automatic Test Markup Language” family of IEEE standards

The digital integration of test and diagnostic engineering practices is not a new idea. In 1989, DSI International 
and the TYX Corporation demonstrated what we would today call a “digital thread” in which data from design da-
tabases was imported into STAT (DSI’s diagnostic engineering tool at that time) and used to generate diagnostic 
test sequences which were then transferred to TYX’s Professional ATLAS Workstation (PAWS) to create test 
requirement documents and test program sets—a process that was described back then as “From CAE to ATE”.

Early attempts at digital integration relied mostly on proprietary interfaces between tools. Widespread adoption, 
however, would not occur until data could be interchanged using standardized formats. In 2015, Reston Software 
and Spherea Technology spearheaded the unprecedented “ATML-enabled, Standards-Powered, COTS-Based 
Solution” to diagnostic development and deployment. In this process, test sequences generated in eXpress were 
converted into test programs for TestStand and LabVIEW, with additional guided troubleshooting provided by DSI 
Workbench—all based on a single digital thread. Significantly, this integration was achieved entirely using COTS 
tools and open formats (such as ATML and DiagML).

The introduction of the eXpressML format in 2018 (and its subsequent translation from SysML) ushered in a new 
age of MBDE (Model Based Diagnostic Engineering). Then, in 2021—with the incorporation of trend analysis from 
historical test results—the loop was finally closed. A team of four companies demonstrated a cyclical diagnostic 
engineering process based on a composite digital thread. This process—again based entirely on open formats—
is outlined in this brochure. 

Closed-Loop Digital Thread for MBDE

The table at right lists all the open and 
standard-based formats used by this 
process. The various IEEE formats 
were first used (along with DiagML) in 
the 2015 solution described above.

The SysML XMI & eXpressML formats 
were added to this process in 2021, 
effectively transforming this diagnos-
tic development paradigm into full-on 
Model Based Diagnostic Engineering. 

© 2022 DSI International, Inc.



“Digital Integration – Design to Sustainment” 
Virtual Demonstration Participants

This image by Unknown Author is licensed under CC BY-SA

DSI International (Orange County, CA, USA)

Reston Software (Reston, VA, USA)

Spherea Technology (Christchurch, Dorset, UK)

NI (Austin, TX, USA)

Tool1 Provider Formats / Standards5

CATIA MagicDraw® Dassault Systèmes3 SysML XMI
ATML Pad™ Reston Software, LLC SysML XMI, eXpressML, IEEE 1671.1, IEEE 1641
eXpress™ DSI International, Inc. eXpressML, DiagML
STAGE™ DSI International, Inc. DiagML

newWaveX™ Spherea Technology, Ltd. IEEE 1641, IEEE 1671.2, IEEE 1671.6
OSA Runtime System (OSA-RTS)2 UK Ministry of Defence IEEE 1671, IEEE 1641

NI TestStand® & LabWindows™/CVI NI (National Instruments)4 IEEE 1671.1, IEEE 1636.1
Run-Time Authoring Tool (RTAT™) DSI International, Inc. DiagML, IEEE 1636.1

DSI Workbench™ DSI International, Inc. IEEE 1636.1
Diagnostic Aid Spherea Technology, Ltd. IEEE 1636.1

1The software listed in this brochure are all trademarks of their respective providers. Please contact these companies for additional information about their tools.
2OSA-RTS is Crown Copyright © 2014. This software has been made available as “open source” to facilitate use of the ATML standard within Runtime systems.
3Although CATIA MagicDraw was used to produce the SysML XMI in this process, Dassault Systèmes was not a participant in the multi-tool demonstration.
 There are ongoing efforts to translate SysML generated by other MBSE tools (e.g., Capella™) and to support project-specific SysML extensions and stereotypes. 
4The other companies and software programs referenced within this brochure are not affiliated with, endorsed by, or sponsored by NI (National Instruments).
5The formats described in this brochure are limited to those used within this demonstration. Please contact tool providers for a list of all supported formats.

The entire process described in this brochure 
has been demonstrated virtually under the title 
“Digital Integration – Design to Sustainment”. 
In this demo, representatives of four different 
tool vendors (each located in a different city) 
integrated their respective test and diagnostic 
engineering efforts by passing data back and 
forth over the internet using the formats listed 
above. Videos of the 06-23-2021 demo are 
available from DSI International.

The industry-leading tools depicted in the diagram above are widely recognized in the design, test and diagnostic 
communities. However, because integration is achieved using data stored in published standards and formats, other 
tools that support these formats can be added or substituted within this process. Moreover, this is only an indicative 
example; different projects may result in alternative process flows that utilize these same tools and formats. In fact, 
most of these tools have a number of useful features that are not being represented in this sample process.

The following chart lists these tools, along with the formats utilized in the process depicted above:
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www.restonsoftware.com
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Process 
Notes

• The SysML design follows a set of rules that 
ensure compatibil ity with the eXpress 
importer. 

• Stereotypes from the eXpress profile are 
assigned to items that are imported into 
eXpress (ex. Blocks, Ports, Connectors, States). 
The properties defined in stereotypes are set.

• eXpress-specific items are created (ex. 
“eXpress Output Functions”)

• The imported model must be precise & 
complete

• Manual verification & validation of imported 
data

• Automatic validation against the eXpressML 
schema

• The imported data contains Components, IO Flags, Nets and States; 
hierarchical models are supported

• Missing information can be added during eXpressML import
• Diagnostic development (after import from SysML) consists of

(1) Specifying failure data for Components 
(2) Describing Tests
(3) Auto-generating a Diagnostic Study 
(4) Evaluating performance of fault 
      detection & isolation
(5) Iterating until requirements are met
(6) Validate diagnostic procedures, to ensure suitability for deployment

• DSI Workbench operates in in “Health 
Monitoring Mode”, with the “pass/fail” 
Test Results from the ATML Test Results 
documents. When any test fails, it displays 
a red horizontal bar and highlights the 
suspect items. 

• From this point, the technician can 
continue with any additional testing as 
needed to isolate to smaller fault groups or 
to a single component (depending on 
diagnostic design)

Workbench™ 
Project File

• The imported data contains Tests, Test Groups (“fault tree” sequences), 
Fault / Failure data, and UUT data (Components, Ports)

• Test development (after import from DiagML) consists of:
(1) Describing stimuli, measurements, and limits 
(2) Describing Test behavior using sequences of 
      Operations
(2) Describing commands used to control UUT state 
      during testing
(3) Describing preconditions for Tests and Test Groups

• Signal-based, UUT-oriented models make possible the targeting of 
different ATE platforms and test languages / executives

ReportsHTML 
Reports

• The default translator creates an initial test program, which is completed 
manually, following the ATML information imported into code comments

• The OSA-RTS Custom Translator auto-generates complete, runnable test 
programs through:

(1) Translation of signal-based ATML Operations into calls to a hardware 
      control API (commands, instrument drivers, “Hardware Abstraction 
      Layer”)
(2) Resource allocation (automatic, manual, or mixed) – requires 
      signal-oriented models of ATE resources and their capabilities 
      (ATML Test Station Description)
(3) Switch path calculation (manual or automatic; static or dynamic) 

ATML Test 
Station 

Description

• Analysing historic test results allows for the actual 
reliability and availability of a system to be compared 
against contractual and predicted performance.

• Changing our models will adjust past predictions, 
aligning the new model predictions with current 
performance will represent a more accurate model of 
the system.

• Changes to the model will reflect true performance 
and can be used to address better designs and 
updates to meet original or adapted system goals
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ATML is the “Automatic Test Markup Language”, standards IEEE 
1671 and IEEE 1636.1

eXpress™, eXpressML™, Desktop Fault Insertion™, DiagML™, DSI 
RTAT™, DSI Workbench™ and DSI STAGE™ are trademarks of DSI 
International, Inc.

TestStand™ and CVI™ are trademarks of National Instruments. The 
other companies and software programs referenced in this 
document are not affiliated with, endorsed by, or sponsored by 
National Instruments.

ATML Pad™ is a trademark of Reston Software, LLC. Reston 
Software is an NI Partner.

newWaveX™ is a trademark of Spherea Technology Ltd.

The OSA-RTS software is Crown Copyright © 2014. It is “Open 
Source” in the sense that is provided to allow members of the 
ATML Community to make best use of the Standard

UML®, SysML® and XMI® are registered trademarks of the Object 
Management Group®.
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This demonstration and the underlying integrated solution were 
developed jointly by the following companies:
• DSI International (eXpress, RTAT, Workbench, STAGE)
• National Instruments (TestStand ATML Toolkit)
• Reston Software (ATML Pad)
• Spherea Technology (newWaveX, Diagnostic Aid)

Note: This diagram represents the process flow of the referenced 
demonstration. It is not intended to describe the entirety of 
functional and interfacing capabilities of the software tools. These 
capabilities support many other process flows. Please contact the 
tool vendors for detailed information:

Custom TD 
Translator

DSI STAGE™ Visual 
Output

Model Simulation 
Results

Model 
Simulation

STAGE™ 
Simulation 

Study

Simulation 
Results 
Analysis

This drawing is licensed by Reston Software, LLC under a Creative 
Commons Attribution-NoDerivatives 4.0 International License. 

ATML PadATML Pad
TestStand ATML ToolkitTestStand ATML Toolkit

newWaveXnewWaveX

DSI International ProductsDSI International Products
newWaveX™-PD

ATE Model 
Develop-

ment

DSI 
Workbench™

ATE-based 
and 

Interactive 
Diagnostics

Visual 
Output

Fault 
Remediation 

(with 
Workbench)

Workbench™ 
Project File

Reports

• Performs a turnkey sustainment simulation using 
diagnostic model data from eXpress.

• Uses a Monte Carlo process based on modeled failure 
rates and distribution functions.

• Supports "cocktails" of diagnostics, prognostics & 
scheduled maintenance.

• Provides a mechanism for validating model accuracy 
based on simulated performance 

• 130+ scripted calculations analyze different aspects of 
sustainment-related behavior over time-including critical 
failures, false alarms, RAMS-T metrics, prognostic 
performance, etc.

• History database collects diagnoses 
and the corresponding failure 
resolution

• Historical Resolutions from the 
history database can be displayed 
in DSI Workbench as an empirical 
complement to the engineering-
based diagnostics developed in 
eXpress.

• The Workbench models developed 
in RTAT contain

(1) Diagnostic information 
(2) System topology diagram
(3) Optionally, system images
    mapped to topology through 
    overlays
(4) Messages & callouts
(5) Configuration information 
    for mapping to ATML Test 
    Results
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• The SysML design follows a set of rules that 
ensure compatibil ity with the eXpress 
importer. 

• Stereotypes from the eXpress profile are 
assigned to items that are imported into 
eXpress (ex. Blocks, Ports, Connectors, States). 
The properties defined in stereotypes are set.

• eXpress-specific items are created (ex. 
“eXpress Output Functions”)

• The imported model must be precise & 
complete

• Manual verification & validation of imported 
data

• Automatic validation against the eXpressML 
schema

• The imported data contains Components, IO Flags, Nets and States; 
hierarchical models are supported

• Missing information can be added during eXpressML import
• Diagnostic development (after import from SysML) consists of

(1) Specifying failure data for Components 
(2) Describing Tests
(3) Auto-generating a Diagnostic Study 
(4) Evaluating performance of fault 
      detection & isolation
(5) Iterating until requirements are met
(6) Validate diagnostic procedures, to ensure suitability for deployment

• DSI Workbench operates in in “Health 
Monitoring Mode”, with the “pass/fail” 
Test Results from the ATML Test Results 
documents. When any test fails, it displays 
a red horizontal bar and highlights the 
suspect items. 

• From this point, the technician can 
continue with any additional testing as 
needed to isolate to smaller fault groups or 
to a single component (depending on 
diagnostic design)
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Project File

• The imported data contains Tests, Test Groups (“fault tree” sequences), 
Fault / Failure data, and UUT data (Components, Ports)

• Test development (after import from DiagML) consists of:
(1) Describing stimuli, measurements, and limits 
(2) Describing Test behavior using sequences of 
      Operations
(2) Describing commands used to control UUT state 
      during testing
(3) Describing preconditions for Tests and Test Groups

• Signal-based, UUT-oriented models make possible the targeting of 
different ATE platforms and test languages / executives
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• The default translator creates an initial test program, which is completed 
manually, following the ATML information imported into code comments

• The OSA-RTS Custom Translator auto-generates complete, runnable test 
programs through:

(1) Translation of signal-based ATML Operations into calls to a hardware 
      control API (commands, instrument drivers, “Hardware Abstraction 
      Layer”)
(2) Resource allocation (automatic, manual, or mixed) – requires 
      signal-oriented models of ATE resources and their capabilities 
      (ATML Test Station Description)
(3) Switch path calculation (manual or automatic; static or dynamic) 
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• Analysing historic test results allows for the actual 
reliability and availability of a system to be compared 
against contractual and predicted performance.

• Changing our models will adjust past predictions, 
aligning the new model predictions with current 
performance will represent a more accurate model of 
the system.

• Changes to the model will reflect true performance 
and can be used to address better designs and 
updates to meet original or adapted system goals
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RTAT™, DSI Workbench™ and DSI STAGE™ are trademarks of DSI 
International, Inc.

TestStand™ and CVI™ are trademarks of National Instruments. The 
other companies and software programs referenced in this 
document are not affiliated with, endorsed by, or sponsored by 
National Instruments.

ATML Pad™ is a trademark of Reston Software, LLC. Reston 
Software is an NI Partner.

newWaveX™ is a trademark of Spherea Technology Ltd.
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Management Group®.
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This demonstration and the underlying integrated solution were 
developed jointly by the following companies:
• DSI International (eXpress, RTAT, Workbench, STAGE)
• National Instruments (TestStand ATML Toolkit)
• Reston Software (ATML Pad)
• Spherea Technology (newWaveX, Diagnostic Aid)

Note: This diagram represents the process flow of the referenced 
demonstration. It is not intended to describe the entirety of 
functional and interfacing capabilities of the software tools. These 
capabilities support many other process flows. Please contact the 
tool vendors for detailed information:
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• Performs a turnkey sustainment simulation using 
diagnostic model data from eXpress.

• Uses a Monte Carlo process based on modeled failure 
rates and distribution functions.

• Supports "cocktails" of diagnostics, prognostics & 
scheduled maintenance.

• Provides a mechanism for validating model accuracy 
based on simulated performance 

• 130+ scripted calculations analyze different aspects of 
sustainment-related behavior over time-including critical 
failures, false alarms, RAMS-T metrics, prognostic 
performance, etc.

• History database collects diagnoses 
and the corresponding failure 
resolution

• Historical Resolutions from the 
history database can be displayed 
in DSI Workbench as an empirical 
complement to the engineering-
based diagnostics developed in 
eXpress.

• The Workbench models developed 
in RTAT contain

(1) Diagnostic information 
(2) System topology diagram
(3) Optionally, system images
    mapped to topology through 
    overlays
(4) Messages & callouts
(5) Configuration information 
    for mapping to ATML Test 
    Results
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The SysML database represents the 
authoritative source of truth for most 
Model Based System Engineering 
(MBSE) implementations.

MBSE design data from MagicDraw 
is brought into eXpress (facilitated by 
ATML Pad translating the SysML XMI 
data to eXpressML). 

Diagnostic test sequences 
developed in eXpress are 
exported as DiagML.

This is used by STAGE to 
derive simulation-based 
maintenance predictions 
that take into account 
diagnostic performance.

The eXpressML format allows  
design topology, reliability pre-
dictions and project-specific data 
to be imported into eXpress, 
where it is used to develop test 
sequences, validate them using 
Desktop Fault Insertion™ and 
perform diagnostics-informed 
assessments of the design. 

ATML Pad translates the DiagML 
into the ATML Test Description 
format (IEEE 1671.1), thereby 
creating the test model used for 
signal and test development.

ATML Pad and newWaveX-SD are used to develop 
signal and test descriptions, which are stored as 
IEEE 1641 TSF Libraries and in the IEEE 1671.1 
ATML Test Description document (with embedded 
signal descriptions encoded as IEEE 1641 XML).

The NI TestStand ATML Toolkit and 
newWaveX-PD, integrated within 
the OSA-RTS framework, are used 
to generate complete test programs 
for TestStand & LabWindows/CVI.

NI TestStand & LabWindows/CVI 
run the test programs, storing the 
test results in IEEE 1636.1 format.

DSI Workbench reads 
in the generated IEEE 
1636.1 test results and 
displays instructions to 
the maintainer using its 
image-based GUI.

The Run Time Authoring Tool 
(RTAT) uses DiagML data 
from eXpress to develop 
IETM (i.e., troubleshooting)  
projects for DSI Workbench

The History & Feedback Module 
of DSI Workbench records histor-
ical diagnostic and maintenance 
data in a database to be used 
as an empirical extension of the 
engineering-based diagnostics 
developed in eXpress.

Diagnostic Aid analyzes historical test results (IEEE 1636.1), 
allowing the actual reliability and availability of a system to  
be compared with contracted and predicted performance.  
This knowledge can then be used to improve the design or 
update diagnostics/testing to better meet system goals.


