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The Facility and the Assignment

—="T i
= Hardware in the Loop (HIL) Facility
» Focus on testing of GPS-guided precision munitions
» Desiring a cost effective means for mitigating risks

» Capable of performing component and integrated
component tests prior to gun launch testing

=  Qur Assignment
» Capture Stakeholder Requirements
» Capture System Requirements

» Capture Test and Evaluation information that the HIL
Facility offers

» Traceability of Test and Evaluation information to the
Requirements
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How to capture the information

T
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for our assignment?

Asked ourselves how to best accomplish our
assignment

Desire to capture Requirements, System Behaviors, and
Test information in one location with traceability

Desire to involve all stakeholders in the process and
develop a common understanding early in the lifecycle

Need to manage project risk

Looked to a Model Based Systems Engineering
Approach to help achieve this

Focus on early developmental activities
» Scoping the system of interest

Systems Engineering Approach




MBSE - General Definition

o | oy
= |tis about System Modeling

» System Model is a cohesive, unambiguous
representation of what the System is and does.

= |t provides a description of
» Requirements and

Past

‘ Document centric ‘

» Technical Solution and @
% Operational Scenarios <« Future
% System Behavior (including I/O) (;’_9
* Physical Architecture (Structure, interfaces) 7:@
< Dynamic Simulation (requires “executable” models) N =
» Verification Procedures
= MBSE is used to produce SE products
= |t requires a Modeling Language that is computer Minimum
interpretable Required to

Define System
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SysML Overview

= General Purpose
Visual Modeling

» Structure

» Behavior

» Requirements
» Parametric

= Supports:
specification, analysis,

Descriptive Modeling design, verification
and validation
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4 Pillars of SysML

ibd [block] MySystemDomain [Sys 180 Context] )

1. Structure

bdd [Package]

Tomain Conted biagraml )
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3. Requirements

HPTi Proprietary Information

ea [Package] Di

“Requirements

ID = FRO002

The entire system shall weigh 42 pounds or less

7
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aefiner™

@
{total_weight = piece_weight +
piece2_weight +
piece3_weight + pieced_weight

2. Behavior

act [Use Case] UseCase2 [ActivlyOfUseCase2] )

[that way]
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]

hiyAotors: Actar_2

Do this based
on decision

Do this other
thing based
on decision

yllse Cases:
T Usecasez

System Boundary Box
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ExtamalSystami
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MyBlocks: Piece
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senbutes Arbuen

B Weight kg S Weight ky
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Qsyne_message(jvoed

Sreply to syne_messagel) void

Basyne_mossage(

redasivs massageloid

MyBlocks: MySystem Weight kg

* MyBlocks::HySystem.itsPieced:Pleced
Zarbues

8 Weight g
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Capture Capabilities of the HIL

T

package Data| ‘F% HIL Use Casesu

« Eliciting Threshold and
Objective Capabilities )

. Actors ——

;%/\/_M/r,, — 7 '>>'-“(2_<)nﬁgl.|_r; T
LabSetu, Personnel\ w—’/\‘inc = Simulation
« Use Cases (Goals) o Dl

/~ Configure Lab S sinclude» 5C T
(

T
for Tesk Debug Setup

HIL System

» Used to review with team

" — — %

+  Helped to come up with — WWM

stakeholder requirements
and informally trace Lbrﬁw\x/ il

behavior to requirements e )

« Looked at HIL facility as a %t\ CPotug Acumiest 5 Stmmasts Location

i includes _ ~
roject e
Pro)  enos_ s

C

" RunTest  —sincludes e o
\___,\/ = =¥ Derive New x
S uincluw

-~

~

ST —

¢ LoglLocation

! " ReportFinal ™
:mcILlc_!em Locstion

¢ ReportMetrics
u«includew
=T
eport St
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Capture Structure of the HIL

T

bdd [Mode( Data [ HIL Hierarchy ]J

« Eliciting Structure of the

HIL
«  Whatis part of the
system
*  Whatis outside of WLSystom
system that interacts T -
with our system crssimatato L
* Logical Abstraction of —

“things” that may end up T

SixDOFProcessing

being:
AN

«  Physical Equipment R (T bainae's
«  Software
* Information (e.g.

documented

procedures/enabling

products)
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Capture Behavior of the HIL

=T

« Eliciting Behaviors of the
HIL

«  Could use Activity,
Sequence, and/or State
Diagrams

« Can look at from a
domain perspective
(which we did here)

* Here we elicit the
actions for testing a
weapon (which may or
may not be tied to a
specific capability)
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activity Domain Activities [ [j'] Domain Activities u

[ Initialize Guidance

o=

7 and Control | B SO
e
. . =
( Initialize 6DOF |
Simulation =1 e S T
| Generate Location | [ Calculate
— s = Update Locate | |
"= with GPS Simulator —— ¢ febc peceiver 1 Current
| = Location
3 - _ . ~ GetActual
¢ B L:gd'f_‘;:m:r:n Compute New Maneuver from ’*W
F"'% Dat: | Location R Guidance and < £
Location? L B Control ‘ | Maneuver
\Yes]
( Generic | ‘ -
| Metriccs | Note: We could
|add error paths if
|desired

3

A

Determine
Steering
| Solution

=
|

Te— ]
Give Steer
Command to
Maneuver

Controller

i
‘ Perform
1 Maneuver




Scope Behavior of the HIL

T

activity Scope Activities[ @ Scope Aclwitesu

HIL System Projectile GPS Receiver Projectile DSP

« Scope Behaviors of the HIL

.\ [ Initialize Guidance
Ing@alizle.zDoF \ I B & and Control )’\\> e —
= s imulation | Feenerate Location. B ] | lermine ‘
y Used the aCtIVIty = \J‘ with GPS Simulator !L—;ﬁ,‘;"g;gen';‘:g‘i‘::, /).& ——>fiitesng| |

. . ‘-\) Calculate
diagrams to review = | T

actions of a test

« Next, it helped us WT
decide what is part of g \
the system and what is ; N -
outside the system (i.e. Lo e e [ e o | j
allocation of behavior to e
structure in this case) \ -

/

/

/
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Capture Requirements of the HIL

=T

D [ Example System Level Regs B[ Descrition of Test Information | Test Method
HIL-Sysl 1 HIL Program Requirements at System of Interest Level

System Requirements in a

o HIL-Sys2 1.1 The system shall ... 1 (system level requirement) : Test1 Inspection
HILSyst i Test2 Analysis
. Capture Requirements of requirements management tool >>> 7 |15 Tow sy sl oyt v et > reas s
sgﬁ; 1.4 The system shall ... 4 (system level requirement) (O) ¥ Tests Test
t h e H I L HLSysS | 2 HIL Facility Requirements at System of Interest Level
521}9- 2.1 The system shall ... 5 (system level requirement) ¥ Tests Inspection
1 H H HIL- 2.2 The system shall ... 6 (system level requirement) ¥ Tests Analysis
N T h IS WaS .g O I n g 0 n ! n :}1:12 2.3 The system shall ... 7 (system level requirement) ¥ Test? Demonstration
p aral I e I WI th Captu rl n g si’i 2.4 The system shall ... 8 (system level requirement) ¥ Tests Test
N sg}i 3 HIL Test Requirements at System of Interest Level
th e Cap a.b I | Itl eS ] sljm:’» 3.1 The system shall ... 9 (system level requirement) ¥ Testo Inspection
t t d b h ) sg{{ 3.2 The system shall ... 10 (system level requirement) ¥ Test10 Analysis
S ru C u re ) an e aVI Or 53}51; 3.3 The system shall ... 11 (system level requirement) ¥ Test1 Demonstration
Sflslgj 3.4 The system shall ... 12 (system level requirement) ¥ Test2 Test
° Can be d o n e Wlth i n a L | 4HIL Simulation Requirements at System of Interest Level
- 521; 4.1 The system shall ... 13 (system level requirement) ¥ Test13 Inspection
m o d e I I n g too | y Sifi:; 4.2 The system shall ... 14 (system level requirement) ¥ Testus Analysis
- HL- | 4.3 The system shall ... 15 (system level requirement) ¥ Testis Demonstration
re q u I re m e nts }:’; 4.4 The system shall ... 16 (system level requirement) ¥ Test16 Test
"“'- 5 HIL Reporting Requirements at System of Interest Level
m an ag e m e nt to O I 3y 0 r :;;:1-: 5.1 The system shall ... 17 (system level requirement) ¥ Test17 Inspection
b th S%{]}l 5.2 The system shall ... 18 (system level requirement) ¥ Test1s Analysis
O s?i 5.3 The system shall ... 19 (system level requirement) ¥ Test1o Demonstration
HIL- ' 5.4 The svstem shall .. 20 (svstem level reauirement) ¥ Test20 Test

* Relation.ShipS between req [Model] Data [ Uss Case Reﬁresu
the requirements and
other model elements

[ «requirement=
can be captured 1.1 The HIL :;cility L

| «refine»

Text="1.1 The HIL facility zhall ... a'}
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Capture Requirements of the HIL

=T

« Capture Requirements of the HEEEEEREEE
SIES|E|E|E|E2|5 528
HIL 2(2|2|2|2(2|3|5(2]¢
o o o o o o £ = o o
slE1E|EE|E 5% | &]E
. R B R B A AR A R B
« Atrace view may be more HElslslz s3]0k
. OO OO OO E|E|O
appropriate and B Seon 1575 7 2
..[A 15 1.1 The system shall ... 1 (system level requirement) b
man ag ea.b | e fOI’ |al’g e ..[A 27 1.2 The system shall ... 2 (system level requirement) 2
H 1 ..[8 12 1.3 The system shall ... 3 (system level requirement) 2
p rOJ eCtS th a'n a‘ d Iag ra'm ...[A 13 1.4 The system shall ... 4 {system level requirement) (O) el
-7 Section 2 5YS 2 2!
° A trace VIeW Can be ..[A 14 2.1 The system shall ... 5 (system level requirement) ol
. -..[A 16 2.2 The system shall ... 6 {system level requirement) P
expo rted to a d el |Ve rab | e Or ..[A 17 2.3 The system shall ... 7 (system level requirement) 2
...[A 18 2.4 The system shall ... 8 {system level requirement) A
format that can be used E-£7 Section 35¥5 i
a ..[A 19 3.1 The system shall ... 9 (system level requirement) 7
e I SeWh e re (e . g . Im pO rted ..[8 20 3.2 The system shall ... 10 {system level requirement) Pl
o ...[A 21 3.3 The system shall ... 11 (system level requirement) Ve
|nt0 a S p readS h eet Or ...[H 22 3.4 The system shall ... 12 {system level requirement) A
H -] Section 4 5YS 20 2
req u I re me nts m an ag e m e nt ..[A 23 4.1 The system shall ... 13 {system level requirement) /7
tool) .1 24 4.2 The system shall ... 14 {system level requirement) s
e ...[A 25 4.3 The system shall ... 15 (system level requirement) b
...[A 26 4.4 The system shall ... 16 (system level requirement) D
«  Some tools provide tables gl oo 10 : 2.2
...[® 28 5.1 The system shall ... 17 (system level requirement) Vs
th at WO u I d al I OW yO u to ...[A 29 5,2 The system shall ... 18 (system level requirement) Pl
. ..[H 30 5.3 The system shall ... 19 {system level requirement) Vi
man ag ed req uireme ntS ..[A 31 5.4 The system shall ... 20 (system level requirement) /
within the MBSE tool (if
desired).
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Capture Verification Information

T

req [Package] Test Case Package [ Test Diagram for Section 5 of System Requirements L]

o L T e acivity Test Gase A 5 o Cae A1
-  Capture Verification TR b CR Y1
Information for the HIL = .
«  Assignment was also to 52 The sysem st 10 ymemeverurement) S .
capture how the system B s e [ )
requirements were i@

going to be verified.

«requirement» [mi]
5.3 The system shall ... 19 (system level requirement)

« MBSE can capture that

Text="5.3 The zystemzhall ... 19 [system kvel mquismsnt)'}

| . wverify»
] "1 «TestCase»

information (e.g. relating -~ BB
verification to ety _ =
requirements). ] £

5.4 The system shall ... 20 (system level requirement)

fid = "1,

»  This can be captured om0 et iy
and displayed in
requirements diagrams,
trace views, and
behavior diagrams).

17 2.3 The system sh...
22 3.4 The system sh...
23 4.1 The system sh...
25 4,3 The system sh...
26 4.4 The system sh...
28 5.1 The system sh...
29 5.2 The system sh...

“FE
=B

30 5.3 The system sh...

E 15 1.1 The system sh...
H 27 1.2 The system sh

[ 12 1.3 The system sh...
[ 12 1.4 The system sh...
@ 142.1 The system sh...
[ 16 2.2 The system sh...
B

[ 182.4 The system sh...
B 193.1 The system sh...
@ 203.2 The system sh...
[ 21 3.3 The system sh...
E 24 4.2 The system sh...

=]
]

B
B
N=|E

~|[E 315.4 The system sh...

[E-F7 Test Case Package
L4 Test Case &

Test Case B

L. [ Test Case C

N

N
N
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Capturing Parametrics

—=="T 3
bdd [Package] Addition [ AdditonB0D 1]
« Capturing equation data for
your system of interest F
 Interface with solvers to v =
solve your equations iea ™
bdd [Package] Additoninstance01 [ Instance01 Ll
« Can create instances to ﬁ :

look at different possible
solutions (e.g. trade
comparisons)

Some examples of possible
use: timeline analysis,
failure analysis, reliability
analysis, budgeting (e.g.
weight, cost), aeroballistics
model, optimize test set,
model risk
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par [Bhck] Gamma [ Gamma ]

 wbiocke i
alpha01 : Alpha

a="150"
«blocks |
a1 =alpha01
b1 = Beta01
c="350"
bicks [ ‘
Betao1 : Beta

b="200" |




Capturing Parametrics

=T

bdd [Package] NyStructureDiagrams [Analysis of Parametics] )

« Simple example here is for (e JE=
a weight budget. o e
- . B
« The datafor the equation is — 'y \ B
gathered in the block e e e, P
definition di agram. e b —

« The “wiring” together of
weight equation is done
within a parametric et e B e i ]
diagram.

Amiies
‘ MyBlocks::MySystem Weight kg

weightd:kg

« The datacan now be [ |,

analyzed (which may mean P
interaction with a plug-in to ’j

the MBSE tool that serves a
equation solver). ‘ ]

Attributes.

....... -

MyBlocks: Pieced Weight-kg

Attributes Attributes

B Weight-kg B Weight:kg B Weight kg

Operations

‘ Operations Operations
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Capturing Parametrics

=T

° FO r' 0 u r H I L taS k bdd [Package] Block Diagrams [Input Outputs of HIL] )
assignment, we did some 7
capturing of parametric e s & e sywem

Attributes Flight History

Point of Impact

Hardware Under Test

data (informal). Aeroblisics Dta

GPS P

Histol
Operations v

* Interfaced with System
Analysis team to explain
the HIL testing related to
the simulated projectile
flight information. B Pele Yo AL

«blocks ] «block, System of Interests

Analysis Context | 4 1 HIL System

« Thediagrams to therightis
a high level abstraction of Gpss;mmpm/ o

that information \

Attributes

(representative example) e
p p Aeroballistics Info
Attributes
«blode
Fire Mission 1 Operations
Attributes e
B Muzzle Velocity-void Meteorological 1
= Aim Elevation:void Attributes ==
= Aim Azimuth-void = Range Wind:void Hardward Under Test
= Cross Wind:void Attributes
B Air Temp:void
Operations
Operations
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Model Animation and Execution

=T
= MBSE tools can be used to animate/execute behavior of your
system of interest
= EXxecuting an Activity Diagram
= EXecuting a State Machine Diagram
= Executing a Sequence Diagram
= Model animation can help with gap analysis

= Model animation identify interfaces within your system and
domain

= Model animation can be used to prototype your system (or
prototype different solutions/alternatives)

= An executable model provides the potential to auto-generate
useful model artifacts

18
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Planning Considerations

=T
= Scoping the effort (and where modeling fits in for specific
project)
= Need a MBSE process to follow (an approach)
= Common Modeling Language (e.g. SysML, UML)
= A Modeling Tool to capture the information

= Who is going to model the information (and be able to convey
the information to the reviewers who aren’t expected to be
system modelers themselves)

= Who is going to review the information (impacts the scoping
of the effort as well)

19
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Conclusions/Lessons Learned
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Developed a common understanding of our system and
what we needed to verify

Assisted in defining and confirming: capabilities,
requirements, structure, interfaces, and test information

Formally documented the system and related verification
iInformation

Didn’t cause extra work (was part of the work; modeling
assisted in delivering on schedule and quality work)

Provided confidence to leadership that the project was
meeting requirements and being verified
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