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Agenda

* Whatis the T&E Continuum?

* Why is an ontology needed?

* Why choose LML?

* How does it aid in integrating T&E with digital engineering?
* How can we implement this language?

* How does this provide for the T&E continuum?
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What is the Test and Evaluation as a Continuum
Concept?

* Recently, Mr. Christopher Collins and
Mr. Kenneth Senechal published an
article in the ITEA Journal* that
proposed:

*  “acritical change in how test and
evaluation (T&E) support capability

Continuum Attributes
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ENVIRONMENT WORKFORCE
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delivery.” But how can we implement this concept?
* The new approach uses T&E_ We need to understand how the data
cor)tlnually throughout the Ilfecyple collected during T&E influences
to |r.1f.orm development and fielding decisions early in the lifecycle ... we
decisions need an ontology.

*https://itea.org/journals/volume-44-1/test-and-evaluation-as-a-continuum/
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Why is an ontology needed?

* An ontology (taxonomy + @
: Identrfya-

relationships) provides a Ianguage “
for communications

Define
Classes &
Instances

* Developing one is a lot of work,
but important when you want
people to work together

* Each discipline has its own
language

* Having different languages can
cause confusion
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Why choose LML?
* Lifecycle Modeling Language, »

first published in 2013, provides
a simple ontology that covers R e e e e o ——

Documentation Model
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SyStemS engi nee ri ng d nd _— .W T e - | | SR E e | R | ER ) gset/Resource
program management | e || o | =
* The current version, v1.4, was ction Dioaram | o
released October 20, 2022 ction ’agfﬁm l us:s.mo..»,\\ T’ -----
. . s [ﬂ;‘;_ VR1Z
®* Each version includes = e R
extensions, in the form of — - = AN f" x
Appendices including extensions . i R S N
T = 3 - - F ]
for DoDAF and SysML =_ %M% N
°* LML v1.5 will provide a mapping = : ) (e e ] (35

to SysML v2 and BPMN Asset Diagram [z s Splder Diagram
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Why choose LML?

 |n March 2022, version 1.2
was released and included an NN BTN

A Test Case entity specifies a

eXte nsion fO r V&V (\-;-erhzig:t?gn Action verification/validation task, as
Event) well as its expected and actual
results.

* This extension came from
users of the language proving
it out on a number of
programs over many years

. . A Test Suite entity specifies a
Test Suite Artifact container for Test Cases.

A Verification Requirement
Verification entity specifies what is required
Requirement S e to confirm that a requirement is
satisfied

e Test Suites act as containers
for Test Cases, which are V&V
tasks
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How does it aid in integrating T&E with digital

engineering?

 The V&V extension for
LML has relationships to
requirements and other
aspects of the lifecycle
model

* You can add your own
relationships as well to
aid in searching or
reporting
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How can we implement this language?

* |Innoslate® uses LML as
1S Primary langUage e e e L —

Number Entity Expected Result 4 Actual Result 4 staus & Status Roll-Up s System Acceptance Test Suite

Te1131 1 System Acceptance Test Meets all acceptance criteria Falled @ s ey

* Innoslate®actsasa |-

He Tank Inspection

test bed for the

1, All seams properly weided

B 1 System Acceptance Test  IT
B 1.1 Propuision Module Ac... It

© 1.1.1 Propellant Tank L...

[ 1.1.1.1 Propetant Tank ... It

1.1.2 Propuision Module ... T

_EI 1.1.3 He Tank Leak Test i1

[ e Tk wsve-.. |

. |© 1.1.4 Propeliant Manag.. it
2. Marked with axes orientation =g g Iu 1.1.4.1 Line Inspection It
3. Marked with Companent identification [ 1.1.4:1.1 vaive Funet .. 1t |

4. Uses proper mechanical fasteners | 1.1.4.1.2 Pressure Tr... It
>

<
° . .
1.1 Propulsion Module Acc... Meets all propulsion module  See File full results Failed [ I —— 12 Top Panel Moduie Acc... If
acceptance criteria 1.3 Baseplate Module Acc... It
Set Up 1.4 Solar Array At a
4 Solar Array Acceptance.
1. Provide checkisis and detaled Insiructons 1.1.1 Propellant Tank Leak Test Less than 2 partsimillion 1.785 parts/million detected  Passed [ -
detected 1.5 Payload Module Accep... It

to inspectors; 2. Ready information capture in

L L]
::: :LT::: ‘am: andirain al nspeciars how!o 1.1.1.1 Propellant Tank Inspection All seams appear complete Al seams inspected using - Passed @ Passed
' Include inspecting appropriate markings ray are solic and complete.
Expected Result Tank markings correct

Meets all test criteria 1.1.2 Propulsion Module Struct... Must pass “shake and bake™  Meets all vibration and Passed @ Passed

1. Mount propulsion module to vibration table 15! temperature requirements.

. I n n O S I a t e ® S I e St e e
Mechanical fasteners were loose. 3. Identify natural frequency limits

4. Vary temperatures to match different flight
phases during test

Center provides a 1 SRS

dashboard to roll up But building test cases early in the
results lifecycle costs money!

INNOVATIONS

Approved for Public Release %SF’ED




How can we implement this language?
(continued)

®* To create test cases from
requirements has always been
a difficult task to perform early , s
in the lifecycle because it adds || wxzimmeeanes — |

The test shall conduct a modal survey (sine
sweep) of the vehicle using a vibration table.

using a vibration table can

1. Prepare the vehicle: Ensure that the vehicle is

The appropriate markings on all system structural components shall be verified by LR RGN S LD D
nspection. The

M inspection. The inspection shall determine if axes and identifications are properly
more time (and COoS e

VR.3 Altitude Accuracy

2. Set up the vibration table: Configure the
vibration table according 1o the test requirements,
including the desired frequency range, ampiitude,

©  The acouracy of the altitude detarmination system cstimates shall be veriied by and sweep rate. Ensure that the table is propery

* Recently, ChatGPT was added e e

VR.4 Battery GSE Charge Display

to Innos I ate an d ma y p rOVi d eada ettt e

VR.5 State of Charge

means to speed up the test

VR.6 Fastener Type

case development from e
requirements

With this application, we are just scratching
the surface of what Generative Al might be
able to do for us.

* Providing a verifiable
requirement to ChatGPT can
result in a suggested test case
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How does this provide for the T&E continuum?

Customers have interfaced

Innoslate® with LabView® for ==

dynamic hardware-in-the-
loop testing

SPEC Innovations has recently|

interfaced Innoslate® with
Selenium® for software test
tracking

 Uses Innoslate’s Java SDK to

make changes to entities
(editing, creating, deleting, etc.)
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¢ Back WANCHEICSINRY @Open~ [ More~  els Repors Search the Test Sulte... o
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Entity Expected Result $  Actual Result

I 7 Entity View

7.1 History Dialog

741NewEntty — Passed @ Passed
Create new action el
712Name  Pased @ Passed
Set new entity's nam
713 Number  Passed ® Passed
Set new entity’s num
714save  Ppassed @ Passed
Save new entity
71. \ange  Passed @ Passed
Change ity's number and sa\

rsionhistoy  Ppasses ® Passed

dialog modal, cispl

xxxxxx

With this integration, we have created a
seamless interface between systems
engineering and software engineering!




How does this provide for the T&E continuum?

The primary purpose

of the “V” model L o £
was to remind m— E— —
systems engineers -

that th ey have a Development ‘ndTransiion

responsibility to

create the A il ey

Verlficatlon @;zztt. o= PROGRAM MANAGEMENT
requirements for the

V&YV activities
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How does this provide for the T&E continuum?

* Now with Test Center

we can (should?) o . Py
Create the test Ca Ses Current Operations Future Operations Demolition

and Maintenance and Maintenance and Disposal

directly

* Reduces time of
developing
separate VRs

* Provides ~ e
. |
detailed test ENTCs

pla nS ea rly in the Hardware/Software

Acquisition
lifecycle

Architecture Operational T&E
Development and Transition

PROGRAM MANAGEMENT

* Will follow current
software engineering

best practice B
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How does this provide for the T&E continuum?

. 1.7 ,
* Another thing we can do - g\_nc_atsllates
% 3 igita
\\\i g%

earlier in the process is \ Ecosystem
conduct simulation to %
predict test results

* The use of simulation for
this purpose is not new, but
the modern tools provide
the capability to conduct |
modeling and simulation ...
together —

1.1
Ansys Tool Suite
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How does this provide for the T&E continuum?

® Reduces “vendor lock”
for the modeling
environment by adding
another tool

® Cloud-native and USA
owned and developed

* provides a perfect
alternative
modeling
environment .

® Adding this path to the
Hack-a-Thon only
requires that Innoslate
integrate with Ansys R
ModelCenter
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Summary

* LML provides an ontology that connects the dots between
systems engineering and test and evaluation today

* It has been tested by numerous organizations inside and
outside DoD

 The language can be implemented by any tool with an open
database schema

* [t's time to move beyond diagrams and focus on the data ...
that’s where true interoperability can be attained
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