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Act like someone’s life depends on what we do.
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SOLDIER AS A SYSTEM

Problem: The U.S. Army has historically focused on the development and optimization of Soldier
equipment, leading to integration challenges between Soldiers and their equipment.

Best Load Carriage
Best Helmet

Best Body Armor

Best:

« Unmanned aerial vehicles
Operational rations
Organization/leadership
Quality of life standards, etc.

Best Uniform

Best Boots

It's not just about Soldier equipment. We must also understand and predict the performance of the
full system, inclusive of the Soldier, his/her equipment, and the tasks he/she must perform.

i
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Us. ARMYy

RDECOM’ SOLDER SYSTEM ENGINEERING ARCHITECTURE (@ ):

Objectives: Create a principle-based Soldier architecture and framework to enable a system
level tradeoff analysis of the Soldier as a System (SaaS) domain.

HUMAN
VIEWPOINT

* Create the foundation for design parameters
for the next generation of Soldier systems and e
subsystems, which considers the complete '
Soldier as a System with the full complement
of equipment, the human performance

capabilities, and the mission tasks. COMPATIBILITY
5 . - HUMAN SYSTEM SOLDIER
Anticipated OQutcomes: /' INTEGRATQJ CAPABILITY
.. . . A .. SOLDIER'C”
* Increased efficiencies and optimized SYSTEM
performance of the Soldier as a System. T % ‘
. . . S EQUIPMENT
» Enterprise approach across Soldier-Small Unit \ CAPABILITY

Science and Technology (S&T) efforts, combat
developers, and acquisition communities.

UTILITY
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Purpose: Utilize Systems Engineering tools and processes to allow stakeholders across the
Soldier Enterprise to manage the overwhelming complexity of the Soldier as a System domain.

SET Framework

Equipment

Soldier

Soldier System Engineering Architecture
(SSEA) is integrating these tools and
processes for the Soldier Enterprise.
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Model Based Systems Engineering (MBSE):

A Systems Engineering practice that uses models

as the primary means of information exchange “_describes governs

between engineers, rather than document-based. 'Shfﬁl‘-:L ?f Methodology
systemj

 MBSE allows for: hm

implements manages leverages

— Graphically rich architectural product development
of complex systems.

— Relationship visualizations.
— Interactive traceability handling.

. . . +« NoMagic
— Commc_Jnallty of data and mformat_lon throughout MagicDraw
the project and across related projects.
— Movement from document centric to model centric. MBSE Framework

MBSE provides graphical views of SE products to inform SSEA trade analysis.
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SOLDIER AS A SYSTEM MODELS

* The System Model:

— Characterizes the Soldier as a System (SaaS) domain in
terms of the human dimension, materiel solutions, and
operational environment (i.e., the Soldier, Equipment, Task
[SET] framework).

— Formalizes the definition of the SaaS domain.

— Elements of the Soldier, Equipment, and Task, along with
their interactions and interrelationships.

« System Modeling Language (SysML):

— Captures the system model and defines the boundaries of
the system space.

— Enables decomposition of the SaaS domain and
establishes a common vocabulary.

— Provides a common underpinning for SSEA, allowing
stakeholders to further understand their piece of the SaaS
domain and its impact points over the full system space.

i
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1. Comprehensive Reference Model

— Provides a centralized focal point to understand the elements and relationships
within the Soldier as a System (SaaS) domain.

* Enables SSEA stakeholders/users to know where their products, decisions,
and solutions fit in the domain and what they impact or what impacts them.

2. Standardized Soldier as a System Documentation

— Common language to translate between technical, programmatic, and user
communities.

« Supports understanding and communication to facilitate informed decisions.
3. Starter Model for Model Based Systems Engineering (future)

— Reduces rework, acclimates new team members, builds on lessons learned, and
supports sharing of knowledge across communities.
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Soldier Model

Defines: Anthropometric,
Physiological,
Behavioral, and
Intelligence Elements

Equipment Model

Defines: Structural and

Behavioral Elements

Task Model

Defines: Physical Environment,
Relevant Actors,
Operational Behavior, and
Unified Land Operations

£

Interaction Model

Defines: Connections,
Ports (structural),
Interfaces (behavioral), and
Flow (parametric)

Integrate into the SaaS Reference Model

J

Fully-Integrated
Reference Model

Soldier Model

Equipment Model

Task Model

\

TeamWorks Server
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SAAS MODEL STRUCTURE

» Purpose of the Model Structure:

Define the domain/system space
(SaaS) and boundaries.

— Serve as a central hub for the

25 OCTOBER 2017

defined SaaS components and
relationships.

« Comprised of the soldier system
within an operational context.

* Displays any interrelationships
between the primary model
components.
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us. ARmMy

RDECOMNM SAAS MODEL STRUCTURE
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RDECOM SOLDIER, EQUIPMENT, AND TASK SEGMENTS

Purpose: Define the elements and relationships contained within Soldier, Equipment, and Task

(SET) segments of the Soldier as a System (SaaS) model.

SET Framework

Operating
Platform

Soldier

Soldier Segment

Y i
{ Physical, Cognitive, and Social

Parameters

Z & %

e/ A28 P
3 Uy S o e
4%%,% ", N o
@Dfri(,-, 5\‘4
Material
Development

. Mitigation, Sense, Affect, & Communicate
Equipment Task
MOPs MOEs
1) Applicability A. Suitability
2) Utmtv“ B. Effectiveness
3) Durability

C. Survivability
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uUs. ARMY
SOLDIER SEGMENT OF THE MODEL

RDFCON

Purpose: Define the elements and relationships within the human dimension, which includes
cognitive, physical, emotional, and social parameters to further characterize the Soldier.
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SET Framework —

Platform

Soldier

Soldier Segment

Y i
/ Physical, Cognitive, and Social

44 Parameters 5
Z) & oR
<) (/450@ L £ > %4. %ﬁ‘e &
3y sy, S, 3 = ® @ ¥
e, é’/fq, K2 S & % N o @
(Y é'b “5, 1\\ 5\)%
& )
X
%
2
36
2
)
©

Material
Development

Mitigation, Sense, Affect, & Communicate

MOQPs MOEs
1) Applicability A. Suitability
g) gtm;r B. Effectiveness
) Durability C. Survivability
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SOLDIER AS A SYSTEM: SOLDIER SEGMENT OF THE MODEL

i

Soldier Block Definition Diagram

«block»
«Characteristic»
«Soldiers

Cardiovascular System

Specific Classifier =
ElUnhealthy
ElSusceptible
ElHealthy

: Blood VesseI; %
: Heart

Physiclogical Loa
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Four Main Components:
1.
2.
3.

Anthropometry — Physical structures of the human

Physiology — Internal regulatory systems of the human

Behavior — Voluntary (i.e., cognitively founded) and reflexive (i.e.,
‘hard-wired”) behaviors

Intelligence — Fluid (i.e., creativity and learning), crystalized (i.e.,
prior skills and knowledge), social, and emotional intelligence

Component Classifiers:

» Size and shape

* Health state

* Response

+ Creativity and learning

« Education and experiences
« Communication style

« Emotions

Ports / Interactions (examples):

» Shoulder / Support, Stabilize

« Hand / Support, Secure

+ Finger / Control Magnitude, Actuate
« Eye/ Signal Sense

» Body / Support, Secure, Attach
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e S s Pk VanPutte CL, et al. Seeley’s Essentials of Anatomy and Physiology, 9t Ed. 2014.

liver : Liver oroperties
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Gordon CG, et al. 2012 Anthropometric Survey of U.S. Army Personnel. NSRDEC. 2012.
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SOLDIER AS A SYSTEM: SOLDIER SEGMENT OF THE MODEL

Segmented Body Internal Block Diagram
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ibd [Block] Segmented Body [ Segmented Body D ]

: Head and Neck

‘Eyes
<Ears r_L

head : Head

: Cervical Region |

left Upper Extremity : Left Upper Extremity E— e e

e | thoracic Region : Thoracic Region

shoulder : Shoulder |
lumbar Region : Lumbar Region
1
|~ upper Arm: Upper Arm
elbow : Elbow sacral Region : Sacral Reg:onj‘
-

wrist: Wrist |———

L hand : Hand

pelvis : Pelvis

left Lower Extremity : Left Lower Extremity | ‘

hip : Hip

ﬁ‘ upper Leg : Upper Leg

knee : Knee ‘

E——]
lower Leg: Lower Leg |

ankle : Ankle

foot : Foot ‘

right Upper Extremity : Right Upper Extremity
scapula : Scapula
shoulder : Shoulder |

upper Arm : ulppet Arm ’_|

[elbow : Elbow |

right Upper Extremity : Right Upper Extremity
scapula : Scapula

“shoulder : Shoulder |
u;;ée;r Arm: Upper Arm ‘L_I
i elbow : Elbow

forearm : Forearm |
)
I—‘ wrist : Wrist

hand : Hand -

right Lower Extremity : Right Lower Extremity

["hip : Hip |

upper Leg: Upper Leg —]

lower Leg: Lower Leg
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Purpose: Provide a decomposition
of the physical anatomical regions
of the human body and the
connections between those
regions of the human body.

Application (future): Show the
“connections” between the
anatomical body regions and allow
for further parameterization and
alignment to support future
modeling capabilities.
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SOLDIER AS A SYSTEM: SOLDIER SEGMENT OF THE MODEL

Human Subsystem Internal Block Diagram

u,.—jﬂynxy» [ J-BroXy> ] %Proxy» Fy-eRroxys [A]__«proxy»

ibd [Block] Human Body System[ b Human - simple )9 Body :Ears I~ :Nose : Eyes LI Mouth P P . d b kd f

| | , i — | urpose: Provide a breakdown o
Nerve Signal (HEAR) Nerve Signal (SMELL) Nerve Signal (SEE)

Nerve Signal (FEEL) § Nerve Signal (TASTE)
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tegumerySysem | | [N | P S Y p— — | within the human body and the
| { : e | ‘ - = e e = R corresponding anatomical
= | | = f| ==lie s == | = | =T [ connections between the systems.
: i ‘W priceeee | ‘ ‘:Hamﬂone} Il ;:Aneriesl %aﬁ;\ IiL ‘ i
S Endacuing: Systelf & - _% ; | ‘!mlﬁ i

__* : Thyroid ’.—1 / 1 [ — ‘
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__i : Pineal body ’ TR }

: Laréé lntestin;

:Rectum j‘

==

Application (future): Model the

‘7:’7} : Thymus L[ \ R .
e \ connections between the outside
i)

world and the internal regulatory
== e systems of the human bodly.
FOvaries [ ‘ _ﬁ' —
e _ =

/ ‘ : Testes ‘ ( : Urethera

: Muscular Skeletal System : Cardiovascular System
: Muscular System : Connective : Skeletal System ] : Heart
‘~_S_l;éle_t;l~ ’ : Ligaments t...._ : Bone : Blood Vessels

| : Smooth \ : Cartilage f sorangey Bone [ | :veins
: Cardiac l ..»{ : Tendon } { S Bone : Arteries
S | s J
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SOLDIER AS A SYSTEM: SOLDIER SEGMENT OF THE MODEL
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Soldier Block Definition Diagram

Explore the dynamics of Soldier
behaviors and intelligence and how
these components interact with the

Equipment and operational Tasks.
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Soldier Behavior

Soldier Intelligence

«Soldiers «Soldiers «Soldiers iy
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ablocks «blocks ablocks RS s
Empathy Trust Autonomic Response Learning <Characteritics
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«Soldiers aSoldiery
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Muscle Actuation and Sequencing Problem Solving ~ ablocks
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i «Soldiers =
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n paris Creativity
S Breathing Competency
ablocks
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1 Relloe Beavior e
Nervous System =
Muscular Skeletal System =
<Soldiers «Characteristics
«Characeristios ablocks
«Soldiers Intelligence
= C! Education
«Soldiers «Soldiers ablocks
e sCharacterisiics Pattern Recognition Civiian Education prr—
CII=D [Speciic Classifier= | Hitary Ecucaton <Characterstcs
= i Fast
Specific Classifier= | [Specific Classifier = ESI wSoldiers
low
JFast SlFast =] Choracterat
Eslow Eslow ablocks
Training
Confidence
<Soldiers. Readiness Training
«Characteristics * Skils Training
ablocks
Behavior
«Soldiers
«Soldiers «Soldiers
! o CHT «Characlerisics «Characleristos
wCharacterstics ablocks ablocks
«Solders Movementheiicms Experience C
«Characteristics Observe —
«block = Personal Experience
A Soldier Sk .
Voluntary Behavior = o HorkExperence
ek e Achievemen
Orient
«Soldiers
«Characteristics «Soldiern
«Characteristice
Decide ablocks
Sense of Belonging
«Soliers e «Soldkrs
C Reltive Age e
ablocks Group Affinity s cks
o Social Intelligence
<Soldiers ;
c
ablocks
Conscientiou
1 1 . Psychological Safety
oldier Behavior:
Verbal
1. Voluntary (i.e., cognitively '
wSoldiers
«Characterisiics
ounde i
Social Rules
2. Reflexive (i.e., “hard-wired”
. eriexive (|.e., ara-wire
I _ «Soldier> «Soldiers
Characteris Characterist
ebiacks eblocks —
Awareness of Emotions ~[Emotional Intelligence
«Soldiers «Soldiers
aCharacterisiics «Characteristics
ablocks
Harness Emotions Manage Emotions

Soldier Intelligence:

hwnN e
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Fluid (i.e., creativity and learning)
Crystalized (i.e., prior skills and knowledge)
Social

Emotional
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Uus. ARMY =
RDECON EQUIPMENT SEGMENT OF THE MODEL

Purpose: Define the elements and relationships within the material development dimension,
Including the type, form, and function of the equipment and how it relates back to its requirements.

SET Framework —

Platform

Soldier Segment

Physical, Cognitive, and Social

44 Parameters 5
< - o
< (;4%@& N 3 = %%, %\0@5 oo
3 Ysy, “Sip, 3 T @ 2t
e, é//fé‘j, ///[Jf & \{;9 N (,O@Qa\(\?’b\
‘b, ® N
dy 2\

Material
Development

Mitigation, Sense, Affect, & Communicate

Equipment

MOPs MOEs
1) Applicability A. Suitability
2) Utmtﬁr B. Effectiveness
3) Durability C. Survivability
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SOLDIER AS A SYSTEM: EQUIPMENT SEGMENT OF THE MODEL

Two Components:

» Equipment Form — Integrated weapon system,
clothing, and individual equipment

» Equipment Function — Combat casualty care,
mobility, protection, mission command,
lethality, logistics support

Equipment Block Definition Diagram

* Forms of Equipment
* Body-worn
« Carried
« Consumed
* Head-worn
* Operated

Component Classifiers:

Ports / Interactions (examples):

 Buttstock / Support, Secure

Improved Outer Tactical Vest / Support, Stop, Protect
Rucksack / Provision, Store, Hold

Close Combat Optic / Channel, Import, Allow

Eye Protection / Control Magnitude, Regulate
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RDEFCONI TASK SEGMENT OF THE MODEL

Purpose: Define the elements and relationships that the Soldier will encounter within a specific
operational environment. This focuses primarily on doctrinal mission elements and parameters.

SET Framework —

Platform

Soldier Segment

Physical, Cognitive, and Social
Parameters

Z ) b, £ 0Q >

2 04%@5 Qn; L £ %% % & o
3 ) g St ¥ o k] by g@’a e r\\&‘{
. Lo = S A
'q(‘ce éf/f (9% (92 éﬁc = % AN ('0‘(&)3\\“3\‘J
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Task
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1) Applicability A. Suitability
2) Utl|ltz‘ B. Effectiveness
3) Durability C. Survivability
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SOLDIER AS A SYSTEM:
Four Components:

— Task Block Definition Diagram. 1. Physical Environment — Tgrrain, climate, structures (man-
o ,_ made or natural), and regional areas
1 = 2. Relevant Actors — Organizations and people
=_\ ey 3. Operational Behavior and Activity — Coalition, host nation,
. and enemy activities, along with civil considerations
- 4. Unified Land Operations — Characterizes decisive actions,
o warfighting functions, and doctrinal tasks
2 = = ,
4 Tasks o TR —-— N :
= ) ; T s Component Classifiers:
e | Warfighting Functions » Types of:
= ‘ Specific Classifier = « Terrain and climate
p e « Physical structures and areas
'”S“E.'.““'k L _ « Groups and personnel
Eg: ;:;ueﬁ;fnutppm e . Operat!onal var_ia_b_les (HAMO)
a3 Movement and Maneuver » Operational activities

s aFires * Threats and actions
4Intelligence . _ Tasks and functions

o~ W
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Purpose: Standardize methods and elements to depict the relationships between the Soldier,
Equipment, and Task segments of the SaaS model.

Interaction: Soldier Shoulder to Rifle Buttstock in an active “engagement” position.

Human Force
Surface for Physical Contact

Soldier Rifle

Mechanical Force
Surface for Physical Contact
Tactile Signal

Otto K and Wood K. Product Design: Techniques in Reverse
Engineering and New Product Development, 15t Ed. 2000.
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RDECONM SOLDIER SYSTEM INTERACTION APPROACH

Implementation of
Relationships into SysML

UNCLASSIFIED//DISTRIBUTION A

Approach to Capture Relationships in SysML:

» Represented the interaction information in SysML as
model elements.

» Created a library of common interactions which
consisted of reusable relationships.

» Provided a reference of the details of the interaction
mechanism that the database will leverage for their
configuration building.

Interaction Library

uman Position Alignmen
«interfaceBlocks
Human Auditory
winterfaceBlocks =] =]
Describe a wide
=interfaceBlocks
Tactile/Human Support ar ray Of S E I
wblocks 1 H
Tactile/Human Stabilization re a I O n S I p S
ainterfaceBlocks A A
using Interaction
zinterfaceBlocks -
Equipment Wear I rary_
winterfaceBlocks
Human Tactile Actuation

winterfaceBlocks
Enhance Human Visual

winterfaceBlocks
Soldier to Equipment Interface

Otto K and Wood K. Product Design: Techniques in Reverse

Engineering and New Product Development, 15t Ed. 2000.
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CONCLUSIONS

« A MBSE approach can be used to capture and
display the meaningful content and relationships
within a complex system of systems (i.e., the SaaS),
which include elements related to the Soldier,
equipment, and task capabilities.

 Human systems integration aspects are captured to
further depict the relationships between the Soldier
and their equipment in an operational context.

« SaaS SysML models can be used as a tool to
Improve decision making through a better
understanding of Soldier-equipment interactions,
leading to the optimization of future Soldier systems.

i
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THANK YOuU

QUESTIONS?

25 OCTOBER 2017 UNCLASSIFIED//DISTRIBUTION A. APPROVED FOR PUBLIC RELEASE: DISTRIBUTION UNLIMITED.



UNCLASSIFIED//DISTRIBUTION A

BACKUP SLIDES
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Role of Systems Engineering in SSEA: The SE processes developed for SSEA have been
selected to analyze, design, integrate, and evaluate Soldier as a System solutions.

l i Framework

Strategic

- Capability Management -

- Capability Management -

Translate Capabilities
Orchestrate Upgrades

Understand Relationships SuaS Pesf
Assess Saa ‘ormance

Evolve SaaS Architecture
Monitor Impact on Saa$

Address Solution Options

Soldier as a System

Assessment Infrastructure

Soldier System Soldier System

Engineering Infrastructure Assessment Infrastructure

- Solution - /

Enterprise Architecture
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RDFCON

SOLDIER SEGMENT OF THE MODEL

Anthropometric and physiological elements included in the Soldier Segment of the model were
obtained from Anatomy and Physiology references.

Frontal (forehead) ﬁ
Orbital (eye)

- S — Ot (ear) Conniad fakidt

Head {0 re) - {car) p——e Cranial (skcusl)
ad ™ Nesal (nose) n Buccal {cheek) Occipital (basze of anf

| Oral (mouth) == Mertal (chin) 3

Neck { Cervical

Nuchal (back of neck) -
/ ‘
Clavicuer (collarbone) _ Acromial (pont of shoulder)
— Scapular (shoulder blade) ————

. Pectoral (chest) — ———— Axilary (armpit) |

Thoracic _| Ssamal {breastbone) 2 [ \, f
{thorax) r , e Brachial (arm) ot

Mamrenary (breast)

Vertebral (spinad column) - (
{back) i
e Antecubital (front of elbow)
Trunk —

Abdomiral (abdomen) \ Y — Upper limb Lumbar (loin)
Umilical (navel) Antebrachial (forearm)

/ —_—e
::'2; ( T:;é:rl'r Trunk — Socral (between hips)
£} \grom) \ —_ Car =t)
Pubic {geital) |' arpal (wnst)

— Palm km) |

'. T Ay 4 Manual (hand) 1\
Digital (Sngeors) \

\

= Ghaeal (buttock)
——————— Canal (hip) /
Perinsal {periny
\— Femaral {thigh) oo cum)
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Olecranon (point of albow) — Upper limb

; Dorsuen (back of hand)

— Pepliteal (holiow behind knee) ]

|

¥ Crural {log) N -
Crural {leg) SRR wral (calf)
(a) A (b)
I~ Lower limb

Figure 1.9 JAPIR Body Parts ond Reglons B Talus{onke) ‘
The anataiMical and ColmMen (N parenfheses NofMes ofe indikoted A = Darsum (top of foct) b= Pedal {foct) Figure 1.9 P\PIR] Body Parts and Reglons (continued) N Plansar (sole)
fol soMe Parls and feGicns of Mhe body. (ot Anlelicl View L Digital (1oes) J =l (B) Postalicd View ; Calcaneal (heel)

VanPutte CL, et al.. Seeley’s Essentials of Anatomy and Physiology, 9" Ed. 2014.
Gordon CG, et al. 2012 Anthropometric Survey of U.S. Army Personnel. NSRDEC. 2012.
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T

Soldier Block Definition Diagram
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VanPutte CL, et al.. Seeley’s Essent
Gordon CG, et al. 2012 Anthropometric Sur
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List of Interactions for Target Engagement Operational Scenario
Start Structure End Structure [S0OI] Perspective Funchion Flow Basic Flow Compliment Candidate Mame of Interaction
- ~ |From S01 M class | 7
hAaterial Salid
Eittztock, Shoulder Human Support, Stabilize Signal Status Tactile
Erergy hlechanical Farce TactileHurnan Stabilization
Shoulder Butt=tock E quiprnent Support, Secure Material Selid
Energy Hurinan Force
kAaterial Solid
Fifle Handaguard Hand Hurman Svppaort, Stabilize Sigral Status Tacte
Erergy Mechanical Farce TactileHurnan Stabilization
Hand Rifle Handguard E quiprnent Support, Secure Material Solid
Erergy Hurman Force
Iaterial Salid
Fiifle Grip Hand Hurnan Suppaort, Stabilize Signal Status Tactle
Enrergy techanical Force TachlefHurnan Stabilization
Hand Rifle Grip Equiprnent Support, Secure Material Salid
Erergy Hurman Farce
Material Solid
Fifle Handguard Hand Hurman Support, Secure Sigral Status Tactle
Erergy Mechanical Farce TactileHurnan Support
Hand Rifle Handguard E quiprnent Support, Secure Material Solid
SE Erergy Hurnan Farce
Paterial Salid
Fifle Grip Hand Hurman Support, Secure Signal Status Tactile
Enrergy techanical Force TachlefHurnan Support
Hand Rifle Grip E quiprnent Suppart, Secure Material Selid
Erergy Hurman Farce

Otto K and Wood K. Product Design: Techniques in Reverse
Engineering and New Product Development, 15t Ed. 2000.
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