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70 Monitoring Operators in Stressing Conditions

High consequence for poor performance, both physically and cognitively
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YEARS

7% Enabling Mission Success Through Human Performance

Requires warfighter data

Physiological Data
* Physical

+ Cognitive

+ Social-Emotional

* Health

Individualized and team
analytics

Task Outcome Data

* Doctrinal success
criteria

* Subjective success
assessment

* Objective success
assessment

Human e@? @
Performance o/l 'O

¥4l
Model 9@%{ VO

Requires Relationship Models

Task
Performance

S T B

Providing actionable information for

performance decisions

Task selection

Team selection

Performance prediction

Skill assessment

" Readiness assessment

| Training requirements

Tactical mission
decision making

Performance enhancement

Increasing mission success through improved human performance requires validated models that
relate measurable human characteristics, task outcomes, and recommended actions
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Strategy for Improving Human Performance

S&T / Acquisition / Training / Operation Leads provide source

requirements for recommended military strategy

High-Level Concepts and Strategies

Military High-Level Concepts and Strategies
Military Initial Capabilities Documents
Military Capability Development Documents

Mission Planners

provide use cases

- METT-TC

- Goal

- Tasks

- Tactics

- Techniques and
Procedures

- Actors

Human Performance
MBSE-SA Model

RDT&E Developers
Research Efforts, wearable system
descriptions and implementation

o B &

Research results, human and task performance
relationships

Xl

Human Performance MBSE-SA model, together with the INCOSE 2021 Wearables model, can find human
performance research gaps and suggest wearable systems to use for research into that gap area
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70 uman Performance MBSE-Syst

em Architecture Framework
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Research
Efforts

o

dictive Risk Prioritzation = Shakirs,
d PRP.

‘Shaktt's covid P
Covid PRP

R Standard encoded relationships give

=" automated results for users to make

Algorithm : Covid
Presymptomatic Algorithm
physiological Measurement = Oura
Ring Heart Rate, Oura Ring HRY.
Oura Ring Skin Temp, Oura Ring
Respiation Rate, Oura Ring
Accelerometry

informed decisions about present
and future research applications

Encoded
Model
Relationships

Use Case to

Research
Traceability

|

4 Physical Functional Libraries
4 X —

Alert

= Acute COVID Infection Alert—[]
State Alert

= Blood Pressure Alert:
E Cardiovascular Alert

= Chest Pain Alert

E Cold Stress Alert:

£ Altitude Acclim:
= Cough Alert:
= Dyspnea Alert:

25.2.5 Use Case Instances
= Example Airborne Training Exercise : Airborne Training Exercise
= Example Land Navigation : Land Navigation Training Exercise
= Iragi Desert COVID Use Case : Iragi Desert COVID Use Case
= Naval Ship COVID Use Case : Naval Ship COVID Use Case
8 5.3.5 Functional Instances
= Notional Acute COVID Infection Alert : Acute COVID Infection Alert
=) Notional Post COVID Infection Alert : Post COVID Infection Alert
= Notional Severe Acute COVID Infection Alert : Severe COVID-19 Infecti
= Pre-symptomatic COVID Alert (TemPredict) : Presymptomatic COVID-1
= PTT Algorithm Blood Pressure Alert : Blood Pressure Alert
5 5.4.3 Wearables Instances
= Amazfit GTS 2e Wearables System : Amazfit GTS 2e Wearables System
= Astroskin Wearables System : Astroskin Shirt Wearables System
= Ava Wearables System : Ava Bracelet Wearables System
= EQ-02 Wearables System : EQ-02 Wearables System
= Fitbit Charge 4 Wearables System : Fitbit Charge 4 Wearables System
= Fitbit Sense Wearable System : Fitbit Sense Wearables System

= = Cognitive Readiness Alert

=

RhAW RrrRrooo RRol

B[] 4.3 Research Efforts
Traceability |
?s
£ 531
& §E8c8$
2 c ® B G2
g§ £ 322 2% o
[ BB E
o3 cag O
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25382is
s 3 2 23 é 2
§22585 3
y25%53%
353314
OooDOomo
+=[=J 318 Human Performance Req 1.7 3 e 'd 7
1= 319 Human Performance Req 1.8 3 'd 4 '4
=] Human Performance Capability 1.9 3 e "4 'd
=] 321 Human Performance Capability 1.10 2 a4
r= Human Performance Capability 1.11
= Human Performance Capability 1.12 1 4
= Human Performance Capability 1.13 1 V4
B Human Performance Capability 1.14 1 "4
[ 331 Human Performance Capability 1.15 1 P4

an

Requirement
to Research
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Encoded Relationships of the Human Performance
MBSE-SA

» Relationships provide traceability among research efforts, source requirements, and use cases

— Identify research and capability gaps
— Minimize research redundancy by detecting areas for collaboration
— Understand human performance needs of the DoD & how to quantify human TSS

* Relationship Options

— DIRECT: Trace research directly to requirements or use cases

# — INDIRECT: Trace source requirements and use case capability needs via human performance structures and
functions (TSS) to the research focused on the TSS

|

Mission Capability }
Use Cases : ’ Needs + »  Human |
|

Research
Efforts

Source - . Skil
Requirements

Indirect encoded relationships allow for development of solution agnostic human performance requirements where
multiple research efforts can address needs
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@ Use Case Relationship Example

* Focus on capturing highly leveraged “scenarios” (aka capability requirements); use cases
will be built from libraries as needed.
Use Cases

Mission _ |
Capability Need Human Trait/State/Skills

“require...”

’ iy
'\ el )
ol -
Ll

E
Airborne Operations

| /

Airfield Seizure

Encoded Relationship Matrix

e —— e —

L — — — ——
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@ Use Case Relationship Example

* Focus on capturing highly leveraged “scenarios” (aka capability requirements); use cases

will be built from libraries as needed.
Use Cases

Mission _ |
Capability Need Human Trait/State/Skills

“require...”

’ iy
'\ el )
ol -
Ll

E
Airborne Operations

Airfield Seizure

Source Req

«Custom Req Attributes»
Human Performance Capability 1.9

Id="320"

Text = "Human Performance research

shall quantify measures of stress."

Encoded Relationship Matrix

e —— e —
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Mission Capability
eds

Use Cases I Nes

{0 Use Case Relationship Example

YEARS

* Focus on capturing highly leveraged “scenarios” (aka capability requirements); use cases

will be built from libraries as needed. Research Efforts

Use Cases

Field study
endurance research

Mission _ _
Capability Need Human Trait/State/Skills

Performance
prediction research

MSI research

Cognitive fatigue
research

~
®

Airfield Seizure

I
I
I
I
I
I
I
I
I
I
J

X . Performance
Source Req (j readiness metric
«Custom Req Attributes» . research
Human Performance Capability 1.9 Performance
Id ="320" = prediction research
Text = "Human Performance research
shall quantify measures of stress."
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Overview of Human Performance MBSE-SA
Methodology

1. Create a conceptual architecture to identify and relate use case, , and
solution architecture elements

2. Create model libraries containing specific use cases, TSS, and research efforts from
military mission planner and RDT&E developer inputs

3. Capture military strategic source requirements

4. Create relationship models between the following:
— Source requirements and research efforts via the needed human TSS
— Use case elements and research efforts via the needed human TSS to accomplish the mission

5. Generate analysis products that compare required TSS to ongoing research focusing
on those areas
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Needs = Human \

} Mission Capability |
\

Y 1. Conceptual Systems Architecture Framework |[.=+

ablocks
Human Performance Domain
mission Unique Use Case algorithms
bosle  |METT-TC B oo Case El ’ o,
METT-TC S - ssion Unique Use Case Element gorithms
parts parts
Missi parts goal\ 1 framew ork Application Algorithms : Framew ork Application Algorithms
Enssuon «blocks framew ork Population Algorithms : Framew ork Population Algorithms
e S other Algorithms : Other Algorithms
Terrain Sub-mission Goal
Troops & Support |atraces |«traces
Time values 3 3
Civil Consequences Mission MOE Score . .
R — Mission Success Criteria «blocke «blocks
Task Outcome Measure Human Physiological Measure
task ,1 = Human Physiological l.(’és’s;.lv\e
eblocks o
Task =
constraints
MOE Equation : MOE Equation
S Criteria Equation : Success Criteria Equation
values
Task MOE
Cost s
Binary Acheivemsnt trait state |,
i G instrument sopcks
I Trait
'— «blocks —
Instrument I e
& values skill : Skill
strategy/1..* actor(1.* technigue & Procedures asUrenant
«blocks ablocke «blocks 1 LeE
Tactic Actor Technique & Procedures
S pa TR I <blocks
observe erve [0.7] TP Outcoms Measure k Outcome Measure N . P
orient : Orient [0.."] ’ PhySIcalAssessmentr» Training Eval
decide Decr?e [0.7]
=t ' L IBiosample
|Cognitive Task or Questionaire
skill | sub-Task =24
ablocks «blocks —€W ";r‘:";
Sub-Task Self-Report Survey e esensor
parts
training : Training
Skil Outcome Measure - Task Outcome Measure

Enables straightforward integration of new capabilities
and supports automatic propagation of characteristics and requirements among branches
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Mission Capability |

Use Cases } Needs = Human |

70 Use Case Architecture Definition =T

Encoded Relationship Matrix

Use Case Library Use Case Instance

— r
«block» B-[£7 1.3.3 Use Case Library
«block» METT-TC A : : : : : : : docks
METT-TC Mission Unique Use Case D Actor Library Example Land Navigation
D r 1 TC L b e g :Land Naéll a!lf)l’l Trainin
parts " METT- iorary e wblocks — xercise
gt = Example LN METT-TC : p—
Mission -E3 Mission Unique Use Case Library mple High p——{ Land Navigation METT-TC %°§'TT.¥§VLQE§Z‘QJ§LT°
c . - High Temperature. terrain = Example LN Terrain, METT-TC
Terrain -3 Sub-Mission Goal Library
Troops & Support é < — d ary Example High T
PS PP goal1.” D Sub-Task Library IZED = troops & Support = Example LN
Time EBiccis Sub-Task Library Example LN Encapsulation : | CENTCOM, Example LN
Civil Consequences actic Library Heavy Encapsulation Encapsulation s
Sub-mission Goal D Tactic Library Navigate to the end :
values [+ D Task Library ablocks To reach the end
Mission MOE Score : . - A Example LN Terrain : point
Mission Success Criteria B[] Technique and Procedures Mountainous :_aNSIE;: T ﬁseiﬂemn'
. onsul asl
pustafa) - /7 Relations — =% ' ' ' r :
: PR -|&3| Technique and Procedures Example LN CENTCOM : e — —
P R, — «blocks Sl
Task -[&] Battle Drill 1: React to Direct Fire Contact 3-D9501) e T i fssess Tersain  Assess
Pits , ~ . - ac14) : : : : Consult map and Terrain
constraints - E] Battle Drill 2: Conduct a Platoon Assault (07-3-D9514) e actor = LN Warfighter, Ex Range
& : Exuation N AL~ - A a \ = Medical Support, Example Range
Success Criteria Equation : Success Criteria Equation - & Battle Drill 2A: Conduct a Squad Assault (07-4-D9515) zlc:ac;;;yLi‘LwNagl?:e'ewre Safety Officer, Ex Land Nav
parts 1 -] Battle Drill 3: Break Contact (0 dzi=ine aa
—= Task Outcome Measure : Task Outcome Measure [1..] ‘ ) T O SO LI ActSneaky
- - & Battle Drill 4: React to Ambush (Near) (
values
Task MOE -[E] Battle Drill 5: Knock Out a Bunker (0 ) S [ wece |
_ — Ex Land Nav Range
g:: Acheivement - & Battle Drill 6: Enter and Clear a Room (07 WACTOTT) .|~ Officer : Land <blocks
> 5 - Observe_Clandesti Navigation Range G
?"ks" Criteria -[E Battle Drill 7:Enter a Trench to Secure a Foothold o Officer Act_Clandestine
ask Success Criter| ne
- & Battle Drill 8: Conduct the Initial Breach of a Mined Wire Obs

- & Battle Drill 9: React to Indirect Fire (07-3-D9504) : : : : : : : Ex Ran‘ghleuc:\(ll’edical -
-[E] Battle Drill 10: React to a Chemical Attac u:_\':igp—;mge
-E] Battle Drill 11: React to an IED (05-3-D S

- E] Battle Drill 12: Dismount a BFV and ICV (

-E Battle Drill 13: Mount a BFV and ICV (07-3-D9434) - safey Officer Lang
- & Battle Drill 14: Execute Action Right or Left While Mounted ( i i i i i i : Safety Officer

- & T&P: Field Manual Flag Capturing
~~~~ E} Use Case Library

actorl 1.

strategy | 1."

«blockrtechnique & Procedures
Actor

parts
readiness : Readiness o ';&;srve 0.1
skill : Skill parts : e [0..
trait : Trait TP Outcome Measure : Task Outcome Measure | |orient : Orient [0.."]
state : State do:id: :QE[)gck]de [0.%]
act:Act[0."

5 «block»
«block» Tactic
Technique & Procedures

3-D9433) : : : : : . . blocks [=]
/ D9433) Example Range

ablocks

LN Warfighter :
Warfighter

Model libraries serve as a database built upon the conceptual framework abstractions,
allowing for a reusable common foundation to assess the compatibility and capabilities of real-world systems

ELino'zrzs -016 ?28/2022 LINCOLN LABORATORY

MASSACHUSETTS INSTITUTE OF TECHNOLOGY



Mission Capability

Needs Human

|
|
Trait, State, Research
Skill | Efforts
|
SRUELD |

@ 2b. Model Libraries: Human Traits, States, and ——
Skills

Conceptual Architecture Human (TSS) and Solution Library (examples)
= L-‘_l@] Instruments |E5)-[@) Trait Construct
e Q 4-mile_loaded_time_trial =] Activity
e Trat State Library Element i & Active_Spit_Alpha-Amyla [ Affect
i = BB Active_Spit_Cortisol .= Adgility
Task Outcome Measure| | Human Physiological Measure Q Active_Spit_Creatinine g Ambient Light
s sutiee buran g s B Active_Spit_DHEA_ .= Anthropometry
B & Active_Spit_Epinephrine .= Anticipatory Anxiety
BB Active_Spit_Lactate -.[= Aptitude
l .B Active_Spit_Neopterin =] Attention
el Q Active_Spit_Norepinephri .= Balance
== Q Active_Spit_Testosteron -.[=] Behavior
e Enhancement : Enhancement
—vales skl Sai eferences l -B& Actiwatch_Sensor ..|=] Behavior and Communi
— . - Affect_Grid .= Cardiorespiratory Fitne
Physical Assessment| | Training Eva 5 Aﬁrf'A$U:0_98f formanc 5 Cardiorespiratory Fitne
— prow - & Agility_T-Test - = Cardiovascular Fitness
Y Bi le H
Cognitive Task orc:::suona're °’:':: Q Anthropological_Equipme ...=] Cognitive Performance
Self-Report Survey | Wearable Sensor Q Army_Anthropometric_S .= Cohesion
Generalized Specific
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70

YEARS

3. Source Requirement Architecture

Mission Capability |
m—’ Needs [ Human |

Trait, State, Research
Source Skill | Efforts
Requirements
——

| Encoded Relationship Matrix

S&T / Acquisition / Training / Operation Leads provide source requirements
- Military High-Level Concepts and Strategies

- Military Initial Capabilities Documents
- Military Capability Development Documents

Legend
- What Trait Constructs Requirements Need

& Pain Threshold

Q Parasympathetic Autonomic System Functic-

] personality

E] physical Fatigue
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a5 &5 2 > 9 = 8 = & T 2 8 ° U
- &8 & ®8 & @ S £ = ¢ c < O I3
c = = £ 2 ¥ 8 ® 3§ T = = =
g 2 9 5 8 8 8B L & 4 T &8 &8 2 2
220 2F 2SS 2888 RE G S
ZZzZZzZ3 3838 E288 X 29 8 8 8 5 5
T @ acdc e B nnaoaah s

.- ] 45 Human Performance Req 1.5

- =] 46 Human Performance Req 1.3

- =] 317 Human Performance Req 1.6

.. ] 318 Human Performance Req 1.7

-~ =] 319 Human Performance Req 1.8

- =] 320 Human Performance Capability 1.9

.. ] 321 Human Performance Capability 1.10

Id = "290"
source = "FY Gaps"

F.
|

«deriveReqgt» ;

<Cunlom fwg AllrBumes

CDD 1

Id ="278"
source = "CDD"
Text = "Future Army requires the ability to
conduct and apply research, development and
assessment to improve the cognitive, social,
and physical performance of Army
Professionals.”

L

. Captured directly
| from source
.~ documentation

Text = "The Army lacks the capability to enhance individual and unit
readiness/resilience in order to resist the negative effects of prolonged
exposure to stress so that 80% of personnel demonstrate interpersonal
adaptive thinking, interpersonal problem solving, and coping skills in
order to maintain individual and unit effectiveness."

1oem g A dr ke

Gap 501026

N
|

| «deriveReqt»

‘ «Cuniom Heg Allrtulen s

CDD 7
Id="314"
source = "CDD"
Text = "The Army shall calculate and display
the Soldier Readiness Score (SRS) consisting
of the following indices:
- Physiological Strain Index (PSI)
- Fitness
- Wellness Status (Immunological)

L "
| |
| |
| |
| |
| |
| |

| «deriveReqt»

'Derived research targets

A «deriveReqt» «deriveReqt»

+Contorm fs Atrtistuce> ACunim fa; A drSulen>

Human Trait, State, Skill Library

’ o fae; Adreubens

Human Performance 1.6

Human Performance 1.9

Human Performance 1.11

Id="317"

Text = "Human Performance
Research shall correlate
measures of stress to cognitive
capability and resilience."

Id = "320"

Text="Human

Performance research shall
quantify measures of stress."

Id = "322"

Text = "Human Performance
Research shall determine
metric roll up into SRS indices."
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Relationship Model and Analysis = I

][ 4a. Source Requirement to Research Effort . =T

I Pt ———— bdd [Package] 2.1.3 Requirements Trees [ | &, Requirement Traceability Example ])
R . t Logical — — —
I equiremen Architecture
I «Custom Req Attributes» I
I I Human Performance
[ sa 4 Capability 1.10 |
Satisfy : Senepafzation I Id ="321" l
I I . Text = "Human
I Performance Research | =
shall quantify measures o
Trgi:m:tl:te Association > Research I of readiness and Trait Construct
skill = o resilience." . rfna""fs
| A Shte S
e B B N BN BN B N B O O OO ] |
. . | esatisfy»
* Ingested requirements are linked to the | |
architecture <bicko |
- Research addresses architecture needs giisscale| | 1 — —
° H : «block» 5 .
Indirect traceability through the i Re si(l):n oy Performance Prediction Research I
architecture enables gap identification e I'Emotional Domain |
in research or requirement set «block» |
Squad Performance Research
—— — — — — —_—— — —
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and Analysis

|
Mission Capability |
|
|

4b. Use Case to Research Relationship Model L=

Requirements

Encoded Relaticnm 1
bdd [Package] 2.1.3 Requramants Trees [ A Use Case Tracoabilty Ex
ablocks
Use C?_se Refines Use Case  (|assifier Use Case Mountai.n _Assault
Capability = = = =—» Model Instance w _pars
Need lel'al’y ;O“G‘:]nkm SC:‘O:;M'!\TQ.':::G;'\ Hgher Ground
A o -
]
Satisfy |
I M ountainous
Human Association «ma.;lrn'mrt,- wrequiremants
Trait, — ReEsf?a:tCh M ountainous Rural Environment
State, Skill S Environment & ="201"
Id="237T" Text = "Rural
Text = "Mountsinous environmants need
environments nesd communication and
communication, resiliency’
. . . . resiliency, and cardio '
Unique use case instances are built from library elements sssatye | respitory fitness” | oy esate
. . .ps I ¥
For every library element, we write capability needs — L ' -
requirements that are satisfied by the physical solution Communication | Cardiorespiratory Fitne ss Resilency
architecture
Indirect modeling relationships allow for generating _—
multiple unique use case instances that exploit the same Performance Prediction Research
library elements and associated requirements. _—
__Squad Performance Research
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]/[ 9. Model Outputs: Assess Research Portfolio gy P
and Perform Gap Analysis |

1
Mission Capability |

Source Ski
Requirements

Research descriptions and results populate the
libraries and use cases capability needs relationships

Provides traceability of research to mission needs

and requirements

Gaps can be prioritized based on mission needs

Use Case to

- [=] Squad Performance Situational Training Exercise : Squad Situational Training

8 1

Legend =T .
/" Program to Capability Need P Requirement
/" Program to Trait Construct to Research
£ Traceability
53 &Y
£ 0 < o =
el -
S &8 c
22 <5885
32322238 No number
: ( (1 (71 (1 (0 0 CW indicates a gap
Q 320 Human Performance Capability 1.9 3 ./ 7 Ve .
g 321 Human Performance Capability 1.10 2 v in researCh for a
#+[£] 322 Human Performance Capability 1.11 requirement
g Human Performance Capability 1.12 1 I
Q 329 Human Performance Capability 1.13 1 e
-] 330 Human Performance Capability 1.14 1 7
-] 331 Human Performance Capability 1.15 1 v

Blue identifies human TSS being

BB B [esearched via specific efforts

Legend EIEE Trait Construct-s -
B What Trait Constructs Programs Have P '% m Research
[ What Trait Constructs Use Cases Need L § é Traceab“ity
LR HEE:
i EIE S i - ® © 9
LHLIZIE B L L 5 6EE =
z) LESE88 s s s LS
: 322528355 88ssss8Eczt
S| &9 E S |8 E| sl ala 8 B B oS o6l B O
< <<€ <€ << < B AADOO|CT|OO|O|C|AOlD
C 1 (0 O i O 00 C C;0C0 C;C;C;oC;C;CoC;CDC;oCl
B [ 4.3 Research Efforts 0 R e S G e R 0 5 G U 0 e s R o S g |
.. [ Decision Making Research 12 .
- ] Field Study Research 15 [ ] |
.. ] Gut Biomarker Research
- ] Marksmanship Research 7 ] ]
- ] Neurostimulation Research
- 2 Performance Prediction Research 7 HEE BE BR BEER
- & Squad Performance Research 9 BE ]
£+ [ Use Case Instance Specifications 4 1 1 4 3
- [=] Mountain Assault : Mountain Assault 10 ‘ \ ] ] |
- (=] Squad Marksmanship : Squad Marksmanship 7 7\ \

H : Orange identifies human TSS needed

for a given mission use case

Model analysis can identify research gaps in areas of mission need
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Applying and Operationalizing the Framework

Advanced

Development

* Performance definitions « S&T alignment with « Warfighter training « Warfighter mission
. S&T decision making and operational needs readiness assessment readiness assessment
system analysis * Wearable system transition * Mission-specific skill » Mission-specific selection
coordination across acquisition of warfighter team

» Research portfolio

alignment and prioritization programs * Proficiency tracking * Mission alignment to
* Requirements traceability . Special Operations operational strategy
and interoperability candidate accession & readiness levels
MBSE Human Performance selection - Operational technology
Model delivered to needs

sponsoring organization On-going development of

expanded model with
sponsor

Human Performance MBSE-SA Framework is the foundation on which stakeholder applications can be built
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70 Future Work Opportunities

YEARS

« Seek stakeholder buy-in to the MBSE approach across human health and performance
communities of interest

« Expand MBSE models for transition to broader usage
— Improve tool usability for easier ingest of stakeholder information
— Host model to expand access across stakeholder and technology development communities
— Define access management, configuration management, scope, IP protection, and data security

« Populate models via stakeholder input to capture requirements, use cases, concepts of
employment, and solution architectures

 Develop and extend framework applications to meet the needs of the advanced
development, training, and operational communities
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The Human Performance MBSA-SA Framework is the reusable foundation on which stakeholder
applications can be built to streamline programs and reduce costs

Human Performance MBSE-SA successfully addresses the military's human performance framework
and knowledge repository needs by:

— Automatic traceability from end user explicit and derived needs to research objectives and results
— lIdentification of highest priority capability needs for research focus
— lIdentification of whether critical gaps are being overlooked or only partially addressed

— Tracking and traceability across research efforts

Across the DoD, the MBSE-SA can be applied to improve training, procurements, and command
decisions

This model, together with the INCOSE 2021 Wearables model, can find human performance research
gaps and suggest wearable systems to use for research into that gap area
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