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ABSTRACT

While automated design methods based on madetn design have produced enormous strides in efficiency and
reduced lifecycle costs, human factors experts baditionally performed separate but complementary analysis not
accommodated by modeling tookhis paper describes a major effort funded by the U.S. Marine Corps to integrate
human modeling into modelriven design. Example applications are to analygectbw space in a vehicle, aircraft,
tank, etc. for issues ranging from ability to accommodadéviduals ina range of sizg account for gear worn by
warfighters, examine both static position and dynamic movement of human occapdidsntify safetyissues.

We describe the Human Systems Integration (HSI) Engineering Analysis Tool, or. HEAT provides advice for

engineers using materidksign software on how their design choices affect HSI domains. While thexiglatid S|

domain® Environment, Habitability, Human Factors Engineering (HFEManpower, PersonnelSafety,

Survivability, and Trainingd th a t HEATG6s design can ac crecemtworkl@antHeaman we di s
Factors Engineering, Survivability/Safety, and HabitabiHiEAT is designedn a modular fashion to integrate with

the U.S. Marine Corps (USMC) Framework for Assessing Cost and Technology (FACT). We present a scenario of

use for HEAT illustrating the derivation of potential HSI risks for a crew space, and the use of HEAT tur auaahit

detect changes in the engineering model that are made to address another concern (couatdszyertently have

an HSI impact.
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MOTIVATION

Systems that have a human component carry significant risk to the success of a program if Human Systems Integration
(HSI) impacts are not detected and resolved as early as possible in the system lifecycle. Usability problems that are
not exposed early engh to address in design changes can result in pain points of reduced human performance (e.g.,
due to fatigue or too many steps to load a weapon), higher training costs to tedctuitiva procedures, and even

loss of life. Currently the U.S. Marine CarpUSMC)lacksmethods to consider HSI during engineering as they do

other impacts (form factor, cost, safety, et€9nsequentlythe baselin@approacHor Department of Defense (DoD)
acquisition programs in charge of bringing new systems from desfigiding is to use manual methods and/or niche

tools that:

A Silo usability data in their own formats that lack traceability to design changes

A Do some evaluation late at the stage of test and evaluation (T&E), such as HSI expert evaluation or
usability tesing, when few program dollars remain to fix major usability issues

A Do not perform usability analysis at all (e @n attitude arising when a program reasons that if they have

no money to fix problems, then why spend money identifying them)

This paper decribes asystemcalled the HSI Engineering Analysis Tool (HEAThose goal is tmvercome the
limitations above by integrating HSI analyso design and development processes earlyoétieth throughout a

pr ogr ambo sThat imtdgratoryicachéed by coupling HEAT to a modeling and simulation tool. The coupling

of HSI analysis to modeling and simulation is a powerful combination because it allows HSI considerations to be
evaluated and HSI risks to be identified in the earliest stages of desitredmore, it gives credibility to HSI experts
participating in the early design phase so that they may influence fundamental system design decisions to benefit
human users, rather than providing input later in the lifecycle when few options remain.

HEAT implements of a set of algorithms to identify HSI impacts from a physical model (e.g., a CAD or SysML model
containing geometric relationships between components). Examples include determining if a human of certain size,
gender, | i mb ntoaphgsicdl mode of a crew Bplaadied nedsuring the field of vision of an operator

allows viewing of d displays within parameters. We use guidelines and parameters from various standards such as
MILSTD1472 revision G, ASTM 1166nd Section 50&f accessibility.

HEAT is intended to be integrated with a modeling tool used by engineers who may have little or no formal training

in HSI. HEAT will then use the user interface style of the modeling tool, so that an engineer user does not have to
learnhow to use a second interface to access HEAT. Our vision of HEAT is to augment such modeling tools with an

HSI Afadvisoro that transparently runs in the backgroun
For model driven designtooMEAT6s execution can be triggered by a cha
component in the crew space is relocated, HEAT can recompute whether a human operator will still fit the space. This
example is illustrated later in a sample scenario.

Furthermore, HEAT assists Engineers not trained in HSI methods to understand impacts of their design choices on
HSI in simple terms to highlight when there is a risk and the source of the risk. Once a risk is identified, the Engineer

will then know it is ime to engage an HSI expert to apply human guidance that no machine can replace, and help the

user address the risk. Therefore, a secondary goal of HEAT is to seamlessly integrate HSI experts into engineering
teams via a fjust i discoveryrotariskp Omedirdligoahis tq applydesspns frgmonoidents
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(as serious as loss of life) in deployed systems to future designs, and alert users of new systems to the potential for
those incidents to recur

Application of HEAT to the USMC FACT System

The principles discusseaboveare illustrated in this paper, where we present an integrate of HEATRwithdeling

tool developed by theISMC: the Framework Assessing Cost Technology (FACT) system. FACT was created to

allow users toconcurrenty consider design trades andi sual i ze a systemb6s potenti a
performance, reliabilityand other factoréEnder et al, 2015). Although FACT aids impact analysis for engineering,

such as the impact on cost, it does not consider HSlIdrapa

HEAT canto helpFACT userddentify, pinpoint, track, and resolve HSI impacts early and througthe@ngineering
lifecycle as they us¢he FACT systemThe benefits aréo saveacquisitionprogram ownership costs and improve
usability and safetyfor system operators.

OVERVIEW of HEAT

HEAT informs FACT users who are designing a system (e.g., a military vehicle) in near real time of how their design
decisions impact humans. HEAT integrates human models (e.g., to overlay a physical model of agxirntma
vehicle image in FACTO&6s Model -expereuserstd traceHiEsiyiqudiigdl ps e x p
potential risksacrossone or more of theeight HSI domains:Environment (e.g.shock, vibration, extreme
temperatures, or pressurizatjpidabitability (e.g., workspace parametersvorking conditions, personal space

Human Factors Engineering (HFE, including biometrics, ergonomics, aneéxsetience parameters), Manpower
(e.g.,workload type and demand parameters), Persoprglser ypes, skills, abilities)Safety (e.g., personnel and

system safety along with security parameters), Survivability @sgaping from harm, fatigue, strgs&aining €.9.,

type, frequency, and results parameters).

HEAT is designedo enable FACT used who may know little about H8I to identify HSI deficiencies, risks, and
metrics for a wide variety of engineering systems acros®tiie HEAT uses modebased design. Each time an
engineering model in FACT is updateither in System Model (SysML) orGomputer Aided Design (CAD) model,
HEAT traces fromthe engineering modeb check HSI rules and detects HSI impacts, providing the following
functionality:

1. HEAT serves as a constantly vigilant adviiwat scrutinizes each change in the maturing des@n & set of
HSI rules and lessons learned. HEAT advises the designer when a design change adversely impacts HSI (e.g.,
design change has created a safety problem, will lead to poor ergonomics, will change the habitability of a crew
space, etc.).

2. HEAT aids novice and expert users in detecting HSI risksomatically or manually), collaboratively tracking

and resolving these risks, reusing their knowledge |
libraries to increase impact detection, whadhwork together to ensure reduction in HSI risk across USMC
systems.

3. HEAT extends the moddiased engineering approaatmderlying FACT to permit the HSI impact analysis in #2
above. Alsgby leveraging models, HEAE designed to integrabeto FACT so that users see one unified system

4. HEAT tailors its User Interface for ease of aepending othe role of the logged in user, specifically Engineer
versus HSI Expert versus Program Managke roles are extensibM/e have striven in the HEAT Usknterface
toexplainresultsi n | aymands ter ms stainedimbdl$l t he user need not be

5. HEAT provides roldailored functionalityto manage HSI requirements, integrate and manipulate the human
model with the system model, and visualize the scope aatityqof HSI and its domains (e.g., Habitability,
Safety, etc.).

HEAT also addresses needs stated by the DoD Magé&liSimulation (M&S) discipine These i ncl ude: A
t he military operational ef f ect i v eaquali,sinteepedhbilitg, landt abi | it
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supportability
models in HEAT. It enables data to be understandable, which HEAT accomplishes by pravidsegssimply

worded alerts of HSI problems, even for novice users that have no exposure to HSI. HEAT can support satisfaction
of these goals through the creation of the HSI module, but more so through creation of highly usable interfaces, reuse
of technology and funinality, presenting meaningful and usable data, and through various suggestions for
enhancement to the existing FACT interfaces.

Summary o f

HEATOGSs

of fielded

Capabilities

capabilities.

MODSIM World2017

0 HEAT

promotes

We summarize next the capabilities of a prototype version of HEAT that we have completeshby of the
illustration in Figure 1. The yellow overlays in Figure 1 describe ways in which an EngamekiSIExpert or a
Program Owner can use FACT with the HEAT module to identify, track, and resolvienp&tdts.

SCENARIO OF USING HEAT

We discussén detail next a scenario of using HEAT to analyze HSI impacts of variants of a model of an ACV with a
Water JeiR submoduleWe consider the roles of an Engineer, who is doing the design and has limited experience
with HSI, an HSI Tester who at one pointthe scenario will be enlisted by the Engineer to conduct tests with end
users/human subjects that are the Operators who would use the system once implemented afidhdieddenario

here can be conducted at an early stage in the systems enginéeciradel when the first SysML or CAD models

have been created that include human interface points and crew spaces.

Before thescenaridoelowstarts,a FACT usemwill have entered a Work Breakdown Structure (WBS) for the system
under desig((tree structure on left of Figure, e requirements that the system must implement (which are associated
with the WBS), and associated their SysML or CAD models with FAGIE startiig point in our scenario is for the
HEAT user to then identify which requirements are HSI related (e.g., crew space, gear worn by OpénatevVBS

In our scenaripwe first evaluate if a given design varigas is satisfies HSI requirement$his will reveal that the
angle of view of the Operator in the crew space must exceed HSI recommendedsaeghesttom center of Figure

istir;tj FACT interfaces and workflow is
maintained, HEAT is a module to be loaded as

neededl.

4 Show HS! Indication

) rerspW

.

[
HEAT captures
whatis HSI from
the vendor
requirements
allowing it to
show users here
where their HSI
resides in the
system, where it
does not, and
perhaps where it
is missing.
Icons change
their state as
parameters are
satisfied.

—H‘

User can manage
pre-defined
human
parameters such
as envelopes,
different gear, or
from a 95

percentile male to - g weasures

a 90% female.
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can set their degree of confidence in their
HSI such as inserting pre-defined HSI

__—and request user-tests

Human and system
models are integrated
and tools are provided

in order to visualize
and measure HSI

impacts.

Users can see what risks
have been automatically and
manually found, track them,

and export them.

B Present R
Unknown Absent Present
L] 200
ntrols  90° below 15 0 15* above 90°

horizNy System and HSI parameters show up in much
the same way with similar looking controls. As
parameters are changed, the user sees if it is
satisfied or not, if it incurred an HSI risk, users

values, and access options to help them with

parameters derived from universal standards,

i .

\g \
' 9
tomanage the human %3

manage these alerts.

Users are quickly shown what
HSI domains are impacted by
their design and if any risks
have been detected.

O O

Human Factors Engineering
Parameters Satisfied

# User X changed the Water jet thrust of the
Water Jet System IR to 16.8K Ibf.

2 User Y changed the Water jet thrust of the
Water Jot System IR to 27.0k Ibf USers receive comms
o, informing them of
changes to the system
model that may have
affected the human
model and what they
can do about it.

9 UserX
@ UserY

ser Y changed the &
of the Hull Frame Structure ||

(Corrosion model from 9° to 37°.
un new collision detection?

=5

Figure 1: Capabilities of HEAT in Gold Call-out Boxes
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1); a display is located too low in the crew spatieen we consider a situation in which an Engineer changes the
design(bottom right of Figure 1)Specifically, the Engineer will also use a Corrosion Model in FACT, and due to a

desire to protect certain parts of the system from corrosion will make a change in their geometry (e.g., changing the
angle of a part to allow water toll off rather than pool)At that point in the scenario, HEAT wilirom monitoring

changes to the SysML/CABode| detect the change in part geometry and compuat#lision model that will show

that the part will i mpa E&ATthiskhang©mag hagetbeen indetedtesl Lniila late stagé t h o u
in the system lifecycle.

Capture HSI Requirements

The FACTsystem is strong on using requirements with traceability to de$té@aT importsvendor models that link

requirements and their ssftiction criteria tdhosesystem componenthat realize the requiremenSACT 6s abi | i t )
to help users assess the impact of changes provides a foundation for HEAT to analyze the HSI impact of changes
starting with requirements.

HEAT includes a library bkeywords to help identify which requirements are H&ated and to which HSI domain

they belongUsers can add keywords to this library to help capture more requirements as FACT and HEAT mature
Once requirements are tagged as HSI, the normal FACT gwro¢elefining them as parameters ensues using screens
already provided by FACT.

With parameters defined, usentered values per HSI parameter can be compared againscttegited criteria (e.g.
acceptable values or ranges of valuEgchHSI requirementhat a user can document as being satisfiedrfigeting
the criteria)in HEAT will reducethe overall risk to HSI for a design

——(3)a] Perspectives e ]
[ Show Hs! Indication
— Water jet [ 27000 » Form Factor
i ACV 2012 thrust 10.0k 40.0k
& ACVIR Iof Habitabili
i Vetronics IR . 'tAbnllty o
i Hull Frame Structure IR LR B Fresent A Parometers Satisfied NE':::::’
_ status Unknown Absent Present 0
i Armament IR display . O O @
s [Soure o7 vaie e
: ?::: ts:;:rwm B Slouhe Parameter is outsde of 0 . . 5 OpenRisks
& Fire Control System IR e E—n recommended range & Fittvfs Engineering G
& Marine Drive Train IR of controls  go* pelow 15 0 15° above 90° 1] Fardineters Satisfied Porameters
o i+ I water Jet System IR horiz. line of sight .1 O O
1 > il Marine Drive Shaft System IR 0 9 Open Risks
\_. i@ Other Marine Drive Train Parls IR Safety o
= ::;i“;;z(em " Parameters Satisfied Parameters
- Entered
i Automotive Drive Train IR C]
i Land Suspension System IR 6 Open Risks
i Hydrodynamic Appendages IR
& Vehicle System Software IR » Safety
& Communication System IR ;
E venicle Appvta"m Software IR # User X changed the Water jet thrust of the @ UserX
n z:?“:i:ip':tznm' :2 Water Jet System IR to 16 8k Ibf § Usery
3 NBCQIR y # User Y changed the Water jet thrust of the
i ACV 083 IR Water Jet System IR to 27 .0k Ibf.
& Human Model
m Biometrics
i Envelopes
i Gear @
i Measures
& Perspectives 1

Figure 2: FACT Workspace updated with User Interface Components for HEAT

Figure 2 illustrates a main user irfare for HEAT that will be discussed throughout the scenario bélbe/content

by Circle #1 illustrates system components that have one or more HSI requirements traced to them using a small blue
icon of a person(The blue icons are to the left of varidus nes i n the tree view in the
Assembly | RO and @ Ve hiMeliprg syStgns tomponer8® dortrelladr tlrough R doggle

checkbox at the top of the WBS pane. As requirements become satisfied, the color of thaigges to green.

A WBS could be quite long when expanded, depending on the complexity of the system and the degree to which the
system has been decompadedrthermore, users looking to consider HSI impacts in their design may have a specific
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goal in nmind, such as user safefyherefore, the user interface (Circle #2Figure 2 provides an ability to search
through the WBS and find parts using keywords and partial text matching.

Incorporating a Human Model

The FACTsystemhas a capability to imporhodels of a system under designg., an amphibious vehicle), $uas

SysML or aCAD model. HEAT augments FACT with an ability to superimpose a model of a human into such models,

if the models specify size and geometry, because HSI is concerned withyHieaparrangement and dimensions of
controls, crew spaces, etc. HEAT augments the visualization capability of FACT, as shown in #7 of Figure 2 to reveal

human/machineollisionsBy fAcol | i si ond we mean that theapOpgratorcal v
and their gear intersects some part of the physical
Operator fAdoesnét fit.o For the Operator to dAafit, o t

componentsThe HEAT user can alsapply the viewing pane capabilitiesn FACT such as zoom, pan, wireframe
mode, and a distance measuring tool.

To implement this superposition of a human model in the SysML/CAD ddsBAT provides an open application
programming interfee (API) to connect ta human modeling toob¢ HMT). The use of an open API continues the
approach used iRACT of allowing 3" party tool integration.Some examples are Jack (Siemers)manBuilder
(CAD/CATIA), andSantos Pro (by Santos Human Inc.)eWave found Jack to be the most capateAT is agnostic

to the HMT usedHEAT uses the API to import a 3D model of a human of specified proparfibesuser can define
the gender, size (e.g."ercentile, or 95 percentile), and pose of the humandal within the HMT. HEAT also
imports humanattributessuch ageach envelopes, joint movement, gear that is worn, etc.

Figure 3 illustrates the design for interfacing withHMT. The FACT tool with HEAT is in the center aiglcapalbe

of exporting some dimension information in several formats (e.g., JT (Jupiter Tesselation), CAD, BiyeM&er of

the HMT (leftof Figure 3 then creates a human model with appropriate podeseale for the modeHEAT will

then import the resulting HMT files and display the intersection with the system under design in a FACT integrated
visualization in the viewer (right of Figure 3).

Export Geometry API

(e.g., CAD/JIT File)

HM

LA Import Human Model API
(e.g., CADAIT File) FACT

Figure 3: Interface Between HEAT and HMT to Derive Human Geometry for Viewer

Engineer Manipulates HSI Parameters and the Human Model

The existing FACTsystem on which HEAT is buidupports the review and entry of system parameter vidues
engineering model being designétEAT leverages this existing functionality and enhances it for the purposes of
viewing and entering values f&tSIl parametersThe content shown around # Figure 2is an example of an HSI
parameter that was defined from an HSI requirement tagged by HEAT Wadter Jet System IR subsystehte
Engineer can use the slider just like for system parameters, stich first parameter shown.

When entered values meet the criteria set by the underlying requirements, HSI is satisfied for the related parameters,
and as shown in the content aroundrbigure 2 the number of parameters satisfied increasésn entezd values

do not meet the criteria, exemplified by the bottonost parameter shown, it creates an HSI risk that is detected
automatically by HEAT (and logged anHSI Risk Repositoryhat HEAT provide} the number of HSI risks being

t racked aageddirtidat the righhof the Human Factors Engineering domisio note that the color of the

HSI person icons change in the WBS and the parameter panes (green is satisfied, red is unsatisfied).
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HEAT keeps track of the HSI parameters fq
a design because of the requirement
tagging and definition proces3hus, the o~
summary of HSI at the tOp I’ight Eigure 2 Lighting type Lighting type of habitable space(s) [Artificial bright,
(see 75) is a status of,at least in this artificial dim, natural, absent]

example, all 9 HFE pe}rameters even thou Space type Habitable space platform type [Facility, Office,

only 2 of then pertain to the Water Je Outside, Shipboard]

System IR Users can hover over thg

Select or search an HSI requirement to insert:

—

Human Factors Engineering

parameter tracker G ) to see a synopsiq
of all 9 parameters (2 afhich have been Display visibility This is the visual angle of displays relative to the
entered in this examplelhreeHSI domains horizontal line of sight of the operator

shown at the right ifrigure 2(Habitability,

Human Systems Engineering, and Safef Control visibility This 1:s the visual ar}gle of a'ny phys.ical controls
B relative to the Horizontal line of sight of the
were relevant to the exampl®ther designs Dt v

analyzed in FACTmay have alleight
domains some may havedewer, it just el ’ e ‘
depends on which domains are applicable : ’
the requirements set specific to eachigies
variant.

Figure 4: HSI Requirements Selection Dialog

We are investigating an enhasroent to the parameters pane: confidence |&alh parameter, whether a system or

HSI parameter, should support the selection of how confident the user is in the values they haveTéigeed
particularlyimportant when values have been estimated, when the values that have been entered are predicted, and/or
when users are entering values for parameters that they do not have expérises@lection of confidence wid be

skipped, but if used3 simple skectioncan be made by the ufeom a dropdown of three choices: LoMedium, or

High. Since confidence itself is subjective, so too are the chditesher words, each user determines how confident

they are in the values based upon how they derived eap a r a valeid. A Préogsam Manager can use overall
confidence scores to help them evaluate designs, windghotherwise beery similar.

Adding HSI Parameters to Increase the Fidelity of HSI Impact Detection

If vendor requirements do not include H&Quirements or their requirements are not detailed sufficiently tbae.
high level), HEAT includes a library of 92 pdefined HSI requirements applicable to any type of system and
Operator The parameter noted bg#h Figure 2(Visual Angle of Contrts) is an example of such a parameter

Users can add requirements from a control widget provided forpgaameterthe resulting dialog is showin Figure
4. The Engineer (or any user) can search through this HEAT library and select redepargments (e.gvisibility
of controls to an operator) to be added to the currently selected system component

These HSI requirements are treated just like system requirements (enter values, satisfy thresholds, see impacts)
because they come with raatata for everything needed to create the parameters, to add it into the existing FACT
interface dynamically, and to present default values if desleelHSI requirementin HEAT were created by HSI
expertson our teanand are based upon military stardkasuch aMILSTD1472 revision GDepartment of Defense,

2012) ASTM 1166(ASTM, 2013) Section 50§General Services Administration, 201@nhd commerial standards

such as best wetbesign practicesThis has created a wide range of relevant HSI reqeinésm HEAT applicable

across hardware, software, users, environments, processes, and operational contexts

Using the Human Model and Modeling Tools to get Parameter Values

Selecting any of the Human Model children in the WBS papensa control panebver theFACT SysML/CAD

vi ewer with options such as taking distance measur emen:
forth. By using these tools on the integrated human/system model, experts aexpeots alike can derive values to

enter into HSI parameterBigure 2 at #7 illustratesthat the Engineer turned on a vision cone to help find the angle

to the bottorrmost controlsn front of the operator, and evaluate if it satisfies the aforementioned requirement for

visual angle of antrol. In Figure 2 the yellow cone at the bottom displays an angle of 0 to 20 dddregsHEAT
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di splays a message (Figure 2, above #6) AParameter is
is-15 to 15 degrees.

Engineer Requests Usefest to Check HSI

One goal of HEAT{Figure 5)is to foster closer collaboration betwdemgineerglesigning systems and HExperts
Therefore,
HEAT USER-TESTING | ‘ P 1 program has user-feedback requested, 1 tool connected
provides an By program By tool

icon for each
parameter ( Program Name Variant Name Test Tool Description of need Test Details ~ Tester Import Date Desired Action

,at#6in | - acv
Figure 2

which wher s e ..
clicked  will lgnore
requestthat a Include in analyses
qualified HSI

Tester Figure 5: Dialog Box to Display Status of Requested User Tests

perform a

user test with real end useEAT provides to HSI Testers the user interface shown in Figure 5 to display a queue
of requested tests. Any FACT user can accesintheace in Figure 5 to view the status of test requests., &iso
Engineer requesting the test has authority to decide, via the drop down menu in the lower right of Figure 5, if feedback
from the tests conducted should be deleted (e.qg., if no longesarglto the design), ignored for the time being, or
included/aldedthe feedback into the program/design variant for the purposes of HSI impact detection.

The goal of a test might be used to measure endsatisfaction, meaningfulness, cognitieading, task timingetc.
Endusertesting alsdelps to identify HSI impacts, to check that HSI impacts have been mitigated/resolved, provides
insight to the severity of HSI impacts, and most importantly gets HSI values that cannot be determinediwith ano
method.When requested to perform a test, the HSI Tester cawhstever test article is available to them (eag.

vi sualization of the system und e cogndive svalkghrough af thendgsigh, ACT 6 s
wireframe models, a moap, prototype)

DetectingDesign Changesind Updating HSI Impacts

During thedesignprocess, users may be collaborating, and the existing FACT communication panel provides a
method to be informed of changes and for discussions betweenTussris anarea that HEAT leverages to inform
users of changes that might have an HSI impact and provides a vehicle to do something about it.

For example, a user makes a change to the geometry of the cockpit because they are attending to a requirement or
issue relad tq say,corrosion Since system models of FACT (i.€orrosionand HSI models) can share dada,

geometry change to the cockgésign that an Engineer makes to address corrosion (e.g., relocating a modahpart)

be detected bIHEAT and flagged as potentialimpact on ehabitabé spaceFACT has a middle layer that supports

custom code writindused in the pador logging and authentication) that HEAT coulskt 0 61 i st end f or an
HSlI-related changes

The messag#1l in Figure 6is a commuication sent by the FACT/HEAT system describing what change occurred
and asking the user if they want to run collision detection, which would detect collisions between the human and
system model based upon this geometry change.

The user can run the calion detectionand HEAT will present the useiith a dialogbox (Figure 6#2)to show the

progress and report (#3) if any collisions were faund-igure 6a collisionwa s det ect ed: AHEAT det ¢
between system model and human model of thé Ftaine Structure IR0 The wuser can then el ec
(#3) tolog the collisionasan HSI riskandto usethe integrated systemhuman modeproducedo show the impacts

in the SysMLCAD viewer.
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Figure 7
illustrates the
result of
clicking both

checkboxes in
the dialogbox
and closing it.

Comparing
Figure 7 to
Figure 2

earlier, one
changas at the
grey circle A,
where a
honeyxomb
shaped hull
frame bracket
is now present
(this is the part
whose
geometry was
changedbased
on the
corrosion
model).  The Figure 6: Assessing the HSI I mpact

hull frame part

now intersectsvitht h e o p e r . &hesecdnd changea(gtey circle B) is for thember of risks for the design
increase reflecting the userds choice to |l og the i mpac
Habitability domain

Summarizing HSI Impacts
across Different Design
Variants

Figure 8 illustrates how
HEAT augments an existing

FACT display for comparing

design variants with an
assessment of how well the
design satisfies HSI
requirements. The green
blue, and gold regions shov
three design variants for an
ACV.

174

The FACT systemprovides @
comparison of  degn
variants by rolling up system
parameters into impact sub
groups Similarly, HEAT
groups # HSI parameters,
whether they arose from
vendor HSI requirements o
from HSI requirements
added from HBATO6s |ibrarvy,

by HSI domain In Figure 8 Figure 7: Running Collision Detection (Fig.6) Produces Changes at A and B
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