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Problem Discovery during test and evaluation (T&E)
impacts on-time delivery of operationally effective systems.

Program Office identify need
for new weapon system
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Decision makers need to be equipped with crucial T&E

data to inform decisions pertinent to system feasibility.
i

What's the right How reliable is . ﬁ o
decision to take? . this data? Can this acquisition
) shift left???

How soon can
testing begin?

/ D
How do we quantify '
the risk associated |

with this acquisition?

What test capabilities are
available to test this system?

/

\\:
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The end goal is to implement robust T&E modeling
to generate data and insights for decision making.

/

£
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A test-integrated architecture minimizes project risk by
linking test capability with system artifacts.

REQUIREMENTS TEST FACILITY & TEST
VIEWPOINT SYSTEM CONFIGURATION
VIEWPOINT VIEWPOINT
ify Testin )
S_II_O:; Iglacielf‘t:/ 8? ’ Architect a Test- Configure &
System Integrated Execute model- |
Requirements Federated Model Based Test .§
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Requirements
Model

Viewpoint

Develop a requirements model to link together
system, test facility, and testing requirements

£an
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\
y
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Capture the system, test facility, and testing requirements
In a requirements model to enable traceability & analysis.

Teq [Packege] 04 Tesing Reaurements | D& Testing Requrements |

Program Requirement Legend
=] Operational Requirement

[5] Technical Requirement

[ Test Range Requirement

I Requirement Copy

[ Testing Requirement

<program requirement»
Testing Requirements

Test range requirements

—crequemens ~—<program requrements —cprogram requrements R s — J =
Missile Testing 8 Missile Test 2 Missile Testing 3 Missile Testing Program Requirement Legend .
Id ="361.8" Id = "36I1.2" . Id ="361.3" i Id ="361.4" 0 R | I f | t
Text ="Is the out of scope Text ="Is the Missile System Text ="Is the testin Text ="Is the tes] > - I I I
value less than 0.05 of :ases?” lcapable of exceeding ay:ruising i ani(udg equal to equi Tes:péoag:‘:r: r’:qengr:ir::rrx;ms [ Technical Requ\rgmenl a O W O r re a I e g a p
speed of 400 mihr?" 200 t above sea level? " Fahrenheit? " — [ Test Range Requirement
S 3?? [7 Requirement Copy . .
and impact analysis of a

“requirement> «program requirements “program requirements “program requirements
e : 5 Missile Testing

R | i | [a—" eg— test range’s ability to test

Text = "Does the sample Text = "Is the test Text = "Is the computed Text = "Is the computed Missile Test R: Envi t «program requirement»
size exceed 2007" et alative minimum Missile System minimum Missile System flight IS e;e zﬁgfﬂe:r'm""‘e" Missile Test Range Instrumentation
(flight path angle greater than path angle less than 24 q Requirement

humidity equal to 64%?" 15 degrees?" degrees?" |Tde;“35$_.r:; . Id = "359.2" a g i Ve n SySt e m C a p a b i I ity

N Text = "The test instrumentation
Environment shall be capable of

5 o system shall be capable of
testing to the Misslle System computing the correct angle of

specifications. " attack ranges for missile systems
7 w ~ under test"
’ ) N
’ N
’ 1 N N
«deriveReqt» / I«deriveReqt» > q
L7 | AN req [Package] 02-System Requirements [ 02-System Requirements | J
° e | R Program Requirement Legend
Testl n g 4 : AR TR [=] Operational Requirement
«program requirement» «program requirement» «program llechnicalRequirements [Z] Technical Requirement
H Test Environment Altitude Test Range Environment Temperature Test Environ| Id ="365" [ Test Range Requirement
eq u I re m e n S Requirement_2 Requirement_1 Humidity Re] Text="" = Requi 0t G
Id = "356" Id = "358" 1d = "357" equirement Copy
Text = "The test environment Text = "The test environment Text = "The test [ Testing Requirement
altitude shall be equal to 200 temperature shall be equal to 72.2 relative humidity|
ft above sea level." degi F it." to 64%."
Test Facility
Requirements
«program requirement» «program requirement» «program requirement» «program requirement»
Missile Speed Requil 't Missile i Range Flight Path Angle Missile Altitude
1d ="365.1" Id ="365.2" Id ="365.3" Id ="365.4"
S St em Text = "The Missile Text = "The Missile System Text = "The Missile System Text = "The Missile System
y cruising Speed shall be range shall be greater than angle of attack shall be greater | |maximum altitude shall be
. ﬁ greater than 400 mi/h" 190 mi" than 15 degrees and less than greater than 90,000 ft."
Requirements 24 degrees”

2-6 July 2024 www.incose.org/symp2024 #INCOSEIS 8



Traceability relationships are created between the
various requirement types.

req [Model] 01-R [ Missile System Req Diagram1 ]J

Program Requirement Legend

The Requirement Traceability Pattern:

«program requirements Missile Speed Requirement T [Z] Technical Requirement

Missile Speed Requirement Id ="360.1" Missile Speed [ Test Range Requirement
. Requirement Type = KPP PR et | Boonocn
Text = "The Missile _ _«deriveReqt> _ Text="The Missile shall - “°PY>  1d="354" ] b | I h b i I i b
cruising Speed shall be >be capable of a high T:XItI Z "The IE)I 'f E Sta ISNES tra ceanil Ity etwee n
s ; " shall be capable of a .
greater than 400 mi/h optimal Speed. BRI Eimial Speed.” req u I re m e n-t -ty p eS .
K

~

| ederivedTRReqts
«tracen| oo

|
I
|
I
I

= Reduces time needed to assess if a given
«pmgra““ ETE= Environment Requirement . .
«critical operational issue» Id="359.1"
Missile Test Requirement_2 Text = "The Missile Test Jfﬁ:?g(g’:;;ﬁg‘;:ﬂggﬁ;» test ra n g e C a n m e et te St I n g req U I re m e ntS .
Id="361.2" Environment shall be Missile Testing
Text ="Is the Missile capable of testing to the mequiiementzs
System capable of Missile System | [ld="361.5"
exceeding a cruising specifications. " 1 Text ="Is the test HP H
speed of 400 mi/hr?" ! environment relative " EnableS more effICIent teSt plannlng by
AN N NEEe! humidity equal to 64%?" . .
«deriveReqt» -
oemeRegy i erveReq | organizations.
1 :«deriveReqt» : | g F\I:(c)g\r i’&?i‘.‘.ﬁ'&i?’li?ﬁl»
‘pmgm" T I TS T | Missile Testing Requirement_3
Test Range Environment Test Environment Altitude Test Environment Relative « — 4 Id="361.3"
Temperature Requirement_1 Requirement_2 Humidity Requirement _3 Text = "Is the testing

Id ="358" Id = "356" Id ="357" "~ Jenvironment altitude

Text ="The test Text ="The test Text ="The test | equal to 200 ft above sea

environment temperature environment altitude environment relative | level? "

shall be equal to 72.2 shall be equal to 200 ft humidity shall be equal to ! (

degrees Fahrenheit." above sea level." 64%." : T T EETD

x w | «critical operational issue»

| — BB 85erd tomporature Traceability pattern

___________________________________ equal to 72.2 Fahrenheit?

I ) [Maste Testing Requirement 4 Requirements Model
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Traceabillity relationships between requirements and test
cases facilitate impact analysis.

System

Requirement

(&l 260.1 Missile Speed Requirement @

!

Operational
Requirements

Test Case
Scenario

~ B All Scenarios Test

.~ & Missile Speed Test Scenario
+ [V cruisingSpeed : speed[mile per hour]

(& 365.1 Missile Speed Requirement E-----+« -. """"""

. ~[Test_1: Verdictkind = inconclusive
) Test_4: VerdictKind = inconclusive

[®] 254 Missile Speed Requirement_Copy_1

[®] 259.1 Missile TestRange Environment Requirement &

*[81 361 Testing Requirements

[®] 253 Test Range Environment Temperature Requirement_1 &--

[®] 256 Test Environment Altitude Requirement_2 -+ u.;;,:_;:-.;::‘:.ﬁ.;..:._,_

/

Test Capability Requirement

\

[l 357 Test Environment Relative Humidity Requirement _3 &--

Requirements Traceability Graph

Legend
derived Requirement
Requirement Copy
........... Satisfied By

Test Range Requirement
Testing Requirement
Verified By

~ & All Scenarios Test
~ & Altitude_Test Environment Scenario
~ & Test Environment Scenario
.. =[WTest_1: Verdictkind = inconclusive
“ (M Test_2: Verdictkind = inconclusive
"‘IEITest_B - VerdictKind = inconclusive
-~ B All Scenarios Test
~ B Test Environment Scenario
u.f.'" M Test_1: Verdictkind = inconclusive
. (M Test_2: VerdictKind = inconclusive

» & All Scenarios Test

~ B Test Environment Scenario
R "-E]Test 1 VerdictKind = inconclusive
Test Results = “@Test_2: Verdictkind = inconclusive



Test-Integrated
Digital Model

Viewpoint

Develop a set of models that specify and define
the system of interest and test capability data.
)

et
Vo g
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Architect the System-of-Interest
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Create a system model to capture system-level properties
and capabilities of the weapon system.

= The Missile System Model captures relevant system properties and capabilities =i St o] Vsl ST Wil SUT)
needed to inform quick decision making at the program level.

Missile Launched

= Abstractions, simplifications and intended limitations of system properties during | | Lo
model development based on project requirements. B t—
Increase Speed L - -h;eshold] T l"Is1>'|1‘resholc‘1] [ Decrease Speed )

bdd [lode] 02-Notional Missile System Domain [ 02-Notional Missile System Context ] J

«domain»
Missile System Context

OE launch System M threat Attack System M O n i‘tor M iS S i I e Syste m U Se

«block» «block» «block» «block»
Operational Environemnt Launch System Target System Threat Attack System C a S e B e h av| O r V| eW

—————————————————————
~ 1
' I
: S 0 I missie System ’ bdd [Model] 02-Notional Missile System Domain [ 02-Notional Missile System Context ] J
I «block» |
I Missile System : «block» «block»
values e

1 e mass{kdooramg{unik = Kiogran] missie Sygtem Threat Attack System Threat Defense System
1 length : length[foot}{unit = foot} I

span : length[foot}{unit = foot}
I range : distance[kilometre}{unit = kilometre}
I : di il Kunit = kilometre} I<

maxHeight : length[foot}{unit = foot} I
I cruisingSpeed : speed[mile per hour]
I diameter : length[foot}{unit = foot} 1

|

1

Missile System Structural View
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Create test planning views to capture pertinent test
planning data required to test the system of interest.

Test planning data include
Test Plan & Metadata

Test Event & Metadata
Test Personnel & Metadata

Test Cases

System under Test

bdd [Model] 06-Exemplar System Domain| Missile System Domain ]

bdd [Model] 02-Notional Missile System Domain [ 02-Notional Missile System Context ])

OE

«block»
Operational Environemnt

1) B

missile System

1

Test and Evaluation Metadata Ref. Model Legend

=3 Test Center and Test Article Metadata Element
=3 Project Planning Metadata Element

=2 Data Reduction and Analysis Metadata Element
=9 Test Mission Metadata Element

e L L L

|}
| SOl 5-
«T&E data object»
L\ -
misshe suT Missile SUT
2y values
™.* |cruisingSpeed : speed[mile per hour]
I sThreshold : speed[mile per hour] = 400.0
1 missile SUT (1. missile SUT1|1
‘——mmﬂuq————————————————————————————————

<T&E data object»

Miccila Suct

y Test Resources

«T&E data object» =)
Missile Test Plan

values

dollarCost : Dollar = 20000 dollar {redefines dollarCost,unit = dollar}
dollarCostTotal : Dollar = 65000 dollar {redefines dollarCostTotal,unit = dollar}
duration : Hour = 5 hr {redefines duration,unit = hr}

Quantity : Integer = 1{redefines supportSystemQuantity}
quantity : Integer = 2{redefines quantity}

2

Missile System
Test Resources

{redefines test
test Event} | Event missile SUT Test Event|1
«T&E data object» =
«test event»
{redefines], Missile SUT Test Event
«testCase» properties
Missile Test Case Scenario StartDate : date = 11/1/23{redefines StartDate}
- StopDate : date = 11/15/24{redefines StopDate}
attributes
+TestID : String = 4.3.2 values
: String = D if the system requirement can be met by the current design.{redefines objective}

3

«T&E data object» =)
Missile test Event Personnel Information
values
numberOfPersonnel : Integer = 4{redefines personnelSize}
numberOfPs ays : Hour = 3 hr {redefi duration,unit = hr}
personnelDollarCost : Dollar = 2400 dollar {redefines personnelDollarCost,unit = dollar}

_———

Missile test Event
Personnel Information
by

)
testNumber : String [1] = 4.3.2{redefines testNumber}
testType : TestTypeKind [1..*] = Developmental Test (DT){redefines testType}
QFY : QFYKind = Q1FY24{redefines QFY}
testBudget : Dollar = 50000 dollar {redefines testBudget,unit = dollar}

- 1
missile Test Engineer

1 missile SUT Test Event1

«T&E data object»
«Test Personnel»

Missile Test Engineer

=)

«block»
Missile System

values
weight : masskilegram}{unit = kilogram}
length : length[foot}{unit = foot}
span : length[foot}{unit = foot}
range : distance[kilometre}{unit = kilometre}
MaxRange : diameter[kilometre}{unit = kilometre}
maxHeight : length[foot}{unit = foot}
cruisingSpeed : speed[mile per hour]
diameter : length[foot}{unit = foot}

«block»
Threat Defense System

«block»

! Threat Attack System

missilepystem

Missile

Missile System

Contextual View

2-6 July 2024
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=

Develop Model-based Representations of Testing

Cagabilities
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Develop a model-based representation of the testing
capabillities required to test the weapon s.ys.tem.1

Test range capabilities include the types/forms of tests a

test facility is capable of executing.

Defining test range resources & their properties enable

construction of holistic and integrated test case
configurations.

uc [Mfodel] 04-Exemplar Test Range [ Missile System Test Range Capabity ] J

=3 Test Center and Test Articl
=3 Project Planning Metadata

Test and Evaluation Metadata Ref. Model Legend

=3 Data Reduction and Analysis Metadata Element
=3 Test Mission Metadata Element

e Metadata Element
Element

«T&E data object» =
Missile Test Range Facility

Perform Missile
System Test

«system under test» =
«T&E data object»

Missile System

bdd [Model] 04-Exemplar Test Range | 04-Exemplar Test Range ]

«TE data objects

Missile Test Range Facility

= Testand Evaluation Metadata Ref. Model Legend
£ Test Center and Test Articie Metadata Element
£ Project Planning Metadata Element

references

mSUT_TE : Missile SUT Test Event [1]
missile SUT : Missile SUT [1]

(=5 Data Reduction and Analysis Metadata Element
(55 Test Mission Metadata Element

|

{redefines rme}
rme |0..*

«T&E data objects
Missile Test Environment

values

altitude : Real = 200.0
rHumidity : Percent = 64.0 % {unit = %}
rThreshold : Percent = 64.0 % {unit = %}
aThreshold : Real = 200.0

testEnvReady : Boolean = tr
testComplete : Boolean

envTemp : Fahrenheit Temperature = 72.2 °F {unit = °F}

tThreshold : Fahrenheit Temperature = 72.2 °F {unit = °F}
ue

missile System Test

N\
N\

«include»
\

N\

] N

Perform Missile
Speed Test

«T&E data object» =
«Test Personnel»

Missile Test Engineer

Test Maximum
Speed Capability
within Operational
Env. Condition

«include»

«T&E data objects
Missile System Test Instrumentation

«T&E data object» =
Missile System Program
Management Office

«T&E data object»y £
Missile SUT Decisin
Making Authority

«T&E data objects

=
Test Execution Instrumentation

=
Precision Measurement Instrumentation

«T&E data objects 8
Range Control and
Instrumentation

«T&E data objects

«T&E data objects

=
Progammable Threat Emulator

«T&E data objects Ej
Programmable Threat Simulator

values
atmosphericieasurementinstrument

1

«T&E data objects

=
High Profile Threat Simulator

the “Perform M

te
TSPl

)

«TSE data objects =
Database

«TE data objects <

Data Collection and Recording Instrumentation T
- Computer Workstation
Instrumentation
— <T4E data objects (— Sl et —)
«T&E data objectr—] N - Telemetry «T&E data objects =
Photo Optics fiacking|Radar System L/ Computer Network H H h L I M 1 H I T t
Y Instrumentation G Ig -Leve ISSlie 1esS

«TE data objects

High Speed Digital Video Camera

Facility Structural View”

2-6 July 2024
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Develop a model-based representation of the testing
capabillities required to test the weapon system.2

Model view captures the diagram used in simulating the
e e Yo it e behavior of the missile test environment characteristics.

5 Project Planning Metadata Element

3 Data Reduction and Analysis Metadata Element
S Test Mission Metadata Element stm [State Machine] Missile Test Environment| Missile Test Environment ] J

TR data objects
Missile SUT Test in Progress

CnsaSpnsd spsedints por b N E— [altitude>aThreshold] ( RERest Alcnde
missile SUT|i ckage] 04-Exemplar Test Range[ 04-Missile Test Range | I
Missile Systar;:::ta Information ook A ) e
A eck Altitude | atter (15)

. Thr | (alti Thres
lattitude<aThreshol] | ~((A1MZE I o)

[ Maintain Altitude
altitude==aThreshold]

— —
bdd [Madel] 04-Exemplar Test Range [ 04-Missile Test Range | J

when
(altitude>aThreshold)

Missile System Data

Relative Humidi ™ o when
MTRF |1 «T&E gata objects = ity [rHumidity<rThreshold] | Adjust Humidity Level | (-humidity>rThreshold)
TS data obiects = o . test events Test Env Ready
T . _'_;;—Im‘RF Missile Test Mgt Information mSUT_TE
issile Tes! ange Facilr - —
g ‘ 1 «blocks =~
«T&E data objech»

3 Missile Test Range Facility

“Bocks
‘ Missile Test Mgt Information

[ Check Relative | [rHumidity)rThreshold]I
o after (1s) o
when (testComplete==true) Humidity | > when hre
shold)
[rHumidity==rThreshold] | Maintain Humidity Level |

[envTemp>tThreshold] when (envTemp<tThr
(envTemp==tT eshold)
hreshold)

0.* {redefines rme}

«blocks =

«T&E data object»
Missile Test Environment

[ Maintain Temperature
evel

[[envTemp==tThreshold]

b |

|

1

|

1

I

Missile test planning data required envTemp - Fahrenhed Temperature - 722 (unit = ) | |
for adequate testing of the system I
|

1

|

1

|

1

is specified in the test range model.

altitude : length[foof] = 200.0 f {uni = foot}
rHumidity : Percent = 64.0 % {unt = %;}
rThreshold : Percent = 64.0 % {unt = %]
aThreshold : length[foof] = 200.0 f {unit = foot]

Model view captures the
<« temperature, altitude and

humidity of the operational

environment”

fThreshold : Fahrenheit Temperature = 72.2 °F {unit = °F}
testEnvReady : Boolean = true
testComplete : Boolean

2-6 July 2024 17




Test
Configuration

Viewpoint

Perform Model-based Testing of system
and testing capabillities.

el 1}
I .§. % § S
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Setup the Model-Based Test Configuration
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The tailorable model-based test configuration pattern
shown describes the testing context for the SUT.

= The Model-Based Testing Context enables the verification and validation of system-level
requirements while providing visibility into test range capabilities.

MB-Test Pattern links together

m od e I re p res e ntati o n s of: bdd [Package] 04-SUT Context Pattern[ Test Configuration Pattern ]J 7
6 T:;stt Elve;lt 8
= System under Test (SUT) - o e S
oy efog e Metrics Valies Key Program Decision
= Test Facility Capabilities / = ] i
Resource ]
= Operational Environment cback box st contet
; System under Test Configuration Context
= Test Case/ Test Scenario —— = ,
= Requirements e :
= Metrics 2 y -
. Te St EV e nt «'Ie':sta;:esource» (systz;t'l under test» st HJ - ablocks | !
P estRange ™ | .. |  System Under Tes t Support System |
" Key D eCI S I O n S mEvenl:Tej! EventR - ‘ - ® ‘estOrganization ss‘:ngte \ s § : : 5
= Test Personnel [ 3 - 4
«testCase» ; y? ]
= Test Plan £
Operational / Mission Environemntq] Text="

| Model-Based Test Configuration Pattern - |

QbELINoT) | N122100 EVANOLSINL =
l162{ p|su gq=.323

162 926
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The missile speed test context highlights key elements
participating in each test run instance.

Utilizing the model-based test configuration facilitates quick analysis of required capabilities using
virtual test range resources.

ibd [Block] Missile Speed Test C Context[ Missile Speed Test Configuration_1 ]J
———
test Resource : Missile Test Range Facility -, SUT MTR-SUT
th
TE1 TE1-TR «block»
] ) n d Missile Speed Test C Context
™ TE values
TE-TR
. «program requirement»
'} Missile Speed Requirement
MTE : Missile Test Environment M_SuUT Id ="360.1" «deriveReqt
st Site achine] s TestEnvrannert[ 5 s TestEnvrannent] ] test_Conductor {redefines test Article} |1 Requirement Type = KPP~ <« =~ = === - -
. 1 {redefines test Personnel} !
e o o = «T&E data object» s Text = "The Missile shall be H
« iata object» Missile SUT i i
or eTost Personsels =D capable of a high optimal :
issil i eed.
Missile Test Engineer MTREF : Missile Test Range Facility [1] P |
references : Missile SUT Test Event '
suT issile SUT Test Event : Missile SUT Test Event [1] MTR Domain : Missile Test Range Facility{redefines trDomain} '
{1 issile SUT Test Event1 : Missile SUT Test Event [1] missile SUT Test Event : Missile SUT Test Event [1] «program requirement»
‘ test_Conductor : Missile Test Engineer [1.."] issile SUT Test Event2 : Missile SUT Test Event [1] test Support System : Nuclear Submarine [1}{redefines test Support System} sicases «verify» P «%mgm"? R
. - stm [State Hachine] Missie Test ngineer [ 5 Wissie TestEngneer ] ] ptm Stete Mschine Missle Test Enphoor ) Waske Test Enginer ) | values All Scenarios Test| ~— - -~ - - -~ --—-- -~ > Missile Speed Requirement < csatisfy»

Start Test Complete Set Environment Level
do/ Set Levels do / Begin System Test

| Start Test |

cruisingSpeed : speed[mile per hour]
sThreshold : speed[mile per hour] = 400.0

Sim [Stte Hachinel sl SUTI 5 Wasie SUT

Complete Set i Level |

‘do 1 Set Levels

Missile Speed Test

Configuration

Missile Speed Test

Context

ovmd
@ > o/ Launch Mesie

do / Begin System Test

Jissite Launched

values
lenvTemp : Fahrenheit Temperature = 72.2 °F {unit = °F}
altitude : Real = 200.0
rHumidity : Percent = 64.0 % {unit = %}
rThreshold : Percent = 64.0 % {unit = %}
aThreshold : Real = 200.0
tThreshold : Fahrenheit Temperature = 72.2 °F {unit = °F}
testEnvReady : Boolean = true
testComplete : Boolean

Sim [Site iachine] issie Test Envronment] 5 Hasie Test Envronment] ]

Launched

Check Missie Cruising Spesd
@ o/ Specasists
cruising speed

feruisingpeedesT
e

feruisingSpeed>
Shoia) rhresno)

tEvent
{redefines Event}

«T&E data object»
«test event»
Missile SUT Test Event

properties

StartDate : date = 11/1/23{redefines StartDate}
StopDate : date = 11/15/24{redefines StopDate}

values
lobjective : String = Determine if the system requirement can be met by the current design.{redefines objective}
testNumber : String [1] = 4.3.2{redefines testNumber}
testType : TestTypeKind [1..*] = Developmental Test (DT){redefines testType}
QFY : QFYKind = Q1FY24{redefines QFY}
testBudget : Dollar = 50000 dollar {redefines testBudget,unit = dollar}

estCase» . o
Missile Speed Test Scenarlo|_ _ _ «verify» __cruising Speed shall be

«verify»

Id="365.1"
Text = "The Missile

greater than 400 mi/h"

«program requirement»
«Program Risk »
Test Range Environment
Temperature Requirement_1

“«satisfy» ~

5ld ="358"

Text = "The test environment
temperature shall be equal to 72.2
degrees Fahrenheit."

«testCase»
Altitude_Test Environment Scenario

«program requirement»
«Program Risk » |
Test Envir ive | [«satisfy» -
Requirement _3 fy } :
Id ="357" ' }
Text = "The test environment . ! |
relative humidity shall be equal to wsatisfy»- T L
64%." [
«satisfy» : [
!
«program requirement» [ :
«Program Risk » [
Test Environment Altitude : : 1
Requirement_2 e
Slid = "356" «satisfy» :
Text = "The test environment g--=-=--- - :
altitude shall be equal to 200 ft «satisfy» |
above sea level." e o
[ «satisfy»




Create Test Cases and Test Case Scenarios
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Develop model-based test cases and test scenarios for
the system capability being tested.’

W~

1

'sd [Test Case] All Scenarios Test[ All Scenarios Test] J

«T&E data object» =
«Test Personnel»

test_Conductor : Missile Test Engineer

«T&E data object» =
MTE : Missile Test Environment

«T&E data object»
M_SUT : Missile SUT

=

2

Test Environment & Test System Test Case Scenario
Missile Test Environment Test Case Scenario
Test Environment Altitude Test Case Scenario
Missile Cruising Speed Test Case Scenario

3

sd [Test Case] Altitude_Test Environment Scenario [ Mission-Environment Altitude Test Scenario ] )

! H
Start Test i
E Preparing for Test
H
H

1: Set Relative Humidity Level

H

| 2: Complete '
H | 3: Test Env Ready
H

i
1
|
Test in Progress

{altitude==aThreshold}
j

i
E
Set Environment Level
T
H
H
H

(rHumldlty::trThreshold)
H

1
{envTemp=+{Threshold}
H
H

H
4: Launch Missile
T

d
| 5: Missile Launched
h

T
'
{cruisingSpeegd>sThreshold}
i

Test Environment Scenario [ Test Environment Scenario ])

KT&E data objects =
«Test Personnels =

MTE : Missile Test Environment

«T&E data object» =

or : Missile Test Engineer

«T&E data object» =
«Test Personnel»
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ductor : Missile Test Engineer

I
Start Test

«T&E data object»

[0}

MTE : Missile Test Envir t

1: Set Relative Humidity Level

Preparing for Test

2: Complete

Set Environment Level

3: Test Env Ready

[ A

Test in Progress

|
{altitude==4Threshold}
|
{rHumidity=1:*-rThreshold}
{eanemp:%tThreshold}
|

|
Start Test

1: Set Relative Humidity Level

Preparing for Test

2: Complete

‘ =nvironment Level

w

: Test Env Ready

. 2

Test in Progress

{altitude==4Threshold}
|

4

\Test Scenario ] J

3

Test Engineer

=

)

Complete

: nt Level I

2: Launch Missile

«TSE data object =
M_SUT : Missile SUT

3: Missile Launched

g

|

|
{cruisingSpeed==sThreshold}

|




the system capability being tested.

Test Cases simulate not only the behavior of the SUT but also the behaviors of the
test facility and test personnel responsible for performing the test.

Develop model-based test cases and test scenarios for

—l

bdd [Package] 02_BB Missile Test Configuration [ 02-Missile Speed T%

:
3

«testCase»
Speed
-]

«testCase»
All Scenarios Test

—
stm [State Machine] Missile Test Engineer [ Missile Test Engineer ]

Test Conductor Behavior

Complete Set Environment Level |

Start Test
do / Set Levels

do / Begin System Test J

sd [Test Case] All Scenarios Test[ All Scenarios Test ]/'

Test Conductor

Test Env. SUT

«T&E data object» =
«Test Personnel»

test_Conductor : Missile Test Engineer

«T&E data object» =
MTE : Missile Test Environment

«T&E data object» =
M_SUT : Missile SUT

1: Set Relative Humidity Level

T T
' 1
' 1
1 1
' 1
'

'
Preparing for Test
'

2: Complete

1

[Set Environment Level ]

When (testComplete==true)
e

'
'
5
'
| 3: Test Env Ready
:

stm [State Machine] Missile Test Missile Te 1)
. . I Test in Progress
Alttitiude I 3 ‘when
Missile Test
.
Environment
.
Behavior e
Relative Humidi - rv— ‘when
. o [rHumidity<rThreshold] | Adjust Humidity Level | (rumidity>rThreshold)
Preparing for Test Test Env Ready
do/ Begin

[rHumidity>rThreshold]

[rHumidity==rThreshold] | Maintain Humidity Level

[envTemp<tMreshold] [Adjust Temperature Level when (
envTemp>tThreshold)

when
(envTemp<tThr

[envTemp>tThreshold] ]
eshold)

when
(envTemp==tT

hreshold)

[ Maintain Temperature
[[envTemp==tThreshold] Level

Test in Progress

'
(altitude::a:l'l'hreshold}
'

{rHumidity==rThreshold}

'
4: Launch Mi:ssile

5: Missile Launche

1

H

1

1

1

1

1

H

i H
{envTemp=%tThreshold} H
i |
1

1

1

1

1

H

1

{cruisingSpeed>sThreshold}
1
1

1

E A/
1

1

i

]

]

]

:

stm [State Machine] Missile SUT[ Missile SUT ]J

( Stowed
do / Launch Missile

Missile Cruising
Speed Behavior

Missile Launched

Launched

|' Check Missile Cruising Speed |

H do / Speed Status

p 3 [cruisingSp
Increase Speed | hreshold]

Cruising Speed

[cruisingSp -
sThreshold] | Decrease Speed
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“Missile Speed” Test Case Scenario view

when
cruisingSpeed==sThreshold

( e = ) when
Maintain Cruising Speed L(cruisingSpeed=s'n1resholdj
\ —J

[cruisingSpeed
==sThreshold]




Execute Tests & Evaluate Test Results
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Executing the test configuration generates four
test results per test run instance.

Execution of the test context behavior (Activity Diagram) generates four test results per test run
instance.

{act [Activity] Missile Speed SUT Test Execution Context Behavior Diagram [ Missile Speed SUT Test Execution Context Behavior Diagram | )

«testéase» 1 ( «testCase» ) 2 ( «testCase» 3 ( «testCase» l
5 verdict Vo = . i i — . Al . T Pt _ E—————
- All Scenarios Test Test_1=v | - + .Tests E:;lar:i::ment verdict v Test2=v | . - ﬂ Envi'rﬁ::::::a?:_s.l::eesr:ario verdict v Test_3=v ‘ - .‘ .Mlssgzesn;;iie: Test | yergict v Test_4=v ‘
h
th th h

v
( : MissileReset ]‘
th

Y

PR A—
: Reset Env ‘ : AltitudeReset ‘
h)j— === === == - - - — h|l— — - - - - = —

ibd [Block] Missile Speed Test Configuration Context[ gij Missile Speed Test Configuration_1 ] ) sd [Test Case] All Scenarios Test[ fiiy All Scenarios Test ] J sd [Test Case] Test Environment Scenario [ |6 Test Environment Scenario 1) sd [Test Case] Alttude_Test Envi Scenario [ [ifp Missi i ‘Alttude Test Scenario 1) sd [Test Case] Missile Speed Test Scenario [ iy Missile Speed Test Scenario ])

TostResourca - Misaile Tos{Rangs Faciiy vt e o MSUT: e SUT e = i a e S e T
A «Test Porsonnels 5 MTE : Missile Test Environment s & MIE : Missde Test Environment
..... — test_Conductor : Missile Test Engineer T test_Conductor : Missile Test E ngineer

e T
Start Test

3: Tect Env Resey i 1: Set Relative Humidity Level 4 | 1: Set Relative Humidity Level | Lt Complete

Fresarng et H : T :
’ I (et ! Start Test :
1: 3ot Reiative HumiaRty Level T L i
Y 2: Compinte H [Preparing for Test o Preparing for Test

MITE : Missile Tost Environment o )
T e

| 2 Complete

( ] | 2: Complete
= :

2: Launch Missile

q . ] (et Envronment Leve) : H : 3
: — i Set Environment Level B 3: Missile Launched
4 Launon wigsle I H Test in Progress | ——Test in Progress | !
e ] i siusemsirvesh | 1 :
(oo | [ — ‘
@ (mw.auy:%rmEmm ' : :
s S ! {cruisingSpeed==sThreshoid}

{envTemp==t

Missile Speed Test Case Scenarios
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Execute the test configuration instance for each test run
and evaluate test results.’

Time-stamped results of each test run are captured in the test configuration results table, and a
pass or fail verdict highlights whether the requirement is satisfied.

# Name (@ Test_1: Verdictkind | [3 Test_2: VerdictKind | [0 Test_3: VerdictKind | [ Test 4: VerdictKind [ ptr.decision : String QE:;I.S: d’ (R:.Ist:d g:::::::g&:::g::
IS THE MISSILE ABLE TO MAINTAIN
1 = Missile Speed Test Run pass fail pass fail MINIMUM SPEED BASED ON ITS High High Mandatory M&S
FUNCTIONAL DESIGN?
IS THE MISSILE ABLE TO MAINTAIN
2 =] Missile Speed Test Run 2 pass pass pass fail MINIMUM SPEED BASED ON ITS Low Medium Mandatory M&S
FUNCTIONAL DESIGN?
IS THE MISSILE ABLE TO MAINTAIN
3 = Missile Speed Test Run 3 pass pass pass pass MINIMUM SPEED BASED ON ITS
FUNCTIONAL DESIGN?
Four requirements are
Legend evaluated during A
RO : Il WY /!
/" Satisfies — axecution of Test 1 : HEE
B B B B Missile Speed
B ] 02-System Requirements 1 1 Testing Context View = e comn |
& [®] 355 Technical Requirements
.. (8] 365. 1 Missile Speed Requirement V4 V4
.. (8] 355.2 Missile Maximum Range
. (8] 365.3 Flight Path Angle
.. [R] 365.4 Missile Altitude
& [ 03-Test Range Requirements 3B 1
[(®] 356 Test Environment Altitude Requirement_2 < IV "4 \ o — et
.. (8] 357 Test Environment Relative Humidity Requirement _3 |2} ./ |/ Req uirements to Test o g el 200 -
[(®] 358 Test Range Environment Temperature Requirement_1| 21 ./ L/ .

E [®] 359 Test Range Requirements

Traceability View




Execute the test configuration instance for each test run
and evaluate test results.”

The Test Context Dashboard offers an efficient way to execute and visualize model-based tests.

&) Missile Speed Test Configuration Context

ion Context

Missile Speed Test Config;

«program requirement»

Test Range Environment
Temperature Requirement_1

Id ="358"
Text = "The test environment

— B S SN BN BN B BN BN BN AN B Ry

temperature shall be equal to
72.2 degrees Fahrenheit ."

*—-—-—-.-“-q-‘-m“----i
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A\

Missile Test Environment

Test Environment Altitude

ALTITUDE 200.0000

S0 75 100 125 150 175 200 225 250 300 325 350 375 400 425 450

System

- Re «program requirement»

Missile Speed Requirement
Ild ="365.1"

Text = "The Missile

—

7 «
Test_1 Test 3 Test 4
0 25 s0 1 jLost=2
© pass O pass © pass
| Test Environment Temperature 4 fail 3 fail 3 fail
‘TEMPERA‘I’URE 72.2000 3 inconclusive inconclusive 3 inconclusive
0
10 35 60 )
THRESHOLD 72.2000
Maintain Cruising Speed
' Increase Speed
Decrease Speed
0 25 S0 7 100 & = 21
‘ Check Missile Cruising Speed Crudlogbpeed
- Launched |
. Test Envir t Humidity Stowed | %
HUMIDITY 64.0000 ‘
&
' ‘ Maintain Temperature Level
20 45 70 95 . I
Adjust Temperature Level
2221ps
Check Temperature i~
WD 64.0000 Maintain Humidity Level
] Adjust Humidity Level
0 25 s0 7 100 | B CheckRelative Humidity s

|
L

www.incose.org/symp2024 #INCOSEIS

cruising Speed shallbe _

Igreater than 400 mi/h"
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28




Shifting Left: A Test-Integrated
System Architecture Approach
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Expanding traditional MBSE to include T&E modeling
enables a shift-left in system development cycle time.

Integrated Test planning & Capability Modeling:

= Allows organizations effectively plan and
manage test programs.

= Accelerates product development and fielding
through improved visibility and management
of program performance.

= Directly links system requirements and
architecture to test planning and testing
capabilities.

2-6 July 2024

A test-integrated architecture minimizes project risk by
linking test capability with system artifacts.

TEST FACILITY & TEST

SYSTEM CONFIGURATION
VIEWPOINT VIEWPOINT

REQUIREMENTS
VIEWPOINT

Specify Testing,
Test Facility &
System
Requirements

Architect a Test-
Integrated
Federated Model

Configure &
Execute model-
Based Test
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Abstract

Problem Discovery during operational test and evaluation (T&E) has a significant impact on the acquisition cycle time of systems. Aloss in
competitiveness in the marketplace due to delays in fielding systems or products can prove detrimental to the survivability of organizations, and is
a critical risk that must be actively monitored and mitigated. To achieve a reduction in the acquisition cycle time, i.e., a Shift Left, for a given
system, traditional methods of testing need to be modified to accommodate more systemic and disciplined approaches that consider T&E more as
a continuum, beginning at the conceptual phase of system design and development. Consequently, a systems engineering approach that
introduces test capability modeling as an integral part of the model-based systems modeling methodology would result in a fully test-integrated
MBSE approach to descriptive system modeling that emphasizes alongside the system-of-interest’s (SOI) architecture, a test capability
architecture, i.e., the necessary test resource artifacts required for verification and validation.

This proposed approach differs from most Model-based T&E approaches reviewed in literature due to the specification of testing capabilities as an
inherent part of a model-based test context and configuration. Most traditional model-based approaches usually capture a tester model element
within the test context as the model element initiating a given test case. However, our approach specifies within a test capability model, the test
facility and test resources required to perform testing of the system and/or specific capabilities as part of the test context. This approach
accomplishes several T&E goals: firstly, it alerts the system architects and decision makers to the suitability of a specific test facility’s ability to test
to the system requirements and/or operational capabilities due to the availability of either adequate or inadequate test resources.

Secondly, the approach utilizes a model-based test environment which could significantly reduce the overall T&E costs for the actual system by
enabling the exploration of multiple test case specifications using testing techniques such as simulation via model execution, and analysis in order
to identify the right tests and methods that could be deployed in testing the actual system. Performing verification and validation of a system using
system models is a cost-effective way to show theoretical compliance of the system architecture prior development. Accordingly, in this work we
demonstrate how a model-based test integrated configuration can improve a system’s acquisition cycle time with a specific use case. A notional
Missile System constitutes the SOI/SUT for our exemplar and is modeled using SysML. The notional test facility, i.e., the test capability model is
defined as a model-based representation of required test resources — including representations of the system’s operational environment —
required to enable testing of a given set of system capabilities.
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