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Engineered Resilient Systems o

« ERS is a Department of Defense (DoD) program focusing on the effective and efficient design
and development of resilient complex engineered systems.
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Incorporating ERS into AoAs ﬁ%
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Small, C., Parnell, G., Pohl, E., Goerger, S., Cottam, B., Specking, E., & Wade, Z. (2017). Engineering Resilience for Complex Systems.
Conference on Systems Engineering Research. Redondo Beach, CA: Springer International Publishing.
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Defining Resilience s

‘\ [} #7
«  Many definitions of resilience in many domains.

*  Most definitions emphasize means to obtain resilience.

«  Seek definition without using means

— “Aresilient engineered system is able to successfully
complete its planned mission(s) in the face of
environmental and adversarial threats, and has capabilities
allowing it to flexibly adapt to future missions with evolving
threats.”l?]

1) removes the “means” or the how to accomplish
resilience from the definition and focuses on the

“ends” or the desired outcomes
2) distinguishes between a platform resilience and a
mission resilience.?

[11 S. R. Goerger, A. M. Madni, and O. J. Eslinger, “Engineered Resilient Systems: A DoD Perspective,” Procedia Computer Science, vol. 28, pp. 865-872, 2014.
[2] B. Cottam, E. Specking, C. Small, G. S. Parnell, and E. A. Pohl, “Quantifying Resilience to Enable Engineered Resilient Systems: Task 1 Report,” 2016.
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Capability Based Assessment

* Define the mission

« |dentify capabilities required

 Determine the attributes/
standards of the capabilities

* |dentify gaps

 Assess operational risk
associated with the gaps

*  Prioritize the gaps;
* |dentify and assess potential
non-materiel solutions

 Provide recommendations for
addressing the gaps

DoD uses Capability
Based Assessment.
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Requirements view f--\

o4

The Capability Development Document (CDD) and Capability Production
Document identify the KPPs and KSAs

Key Performance Parameters (KPPs) are critical.
If an attribute is important but not critical it is called a Key System Attribute (KSA)

Measure (attribute) Threshold Objective

Availability 80% 85%
Probability of Detecting Objects 88% 92%
etc.

Long list of requirements
do not provide a
tradespace for affordability.

http://www.acgnotes.com/acqnote/acquisitions/key-perfrormance-parameter
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Requirements

Army’s Future Combat System, a large program that was
intended to equip combat brigades with an advanced set of
integrated systems, requirements were still being defined
when the program was canceled beginning in 2009—after 6
years and $18 billion had been spent on initial system
development.

Figure 3: Translation of High-Level Requirements into Low-Level Requirements
Typically Occurs After Milestone B (Notional)

Materiel Technology
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analysis reduction

Engineering and
manufacturing
development

ror @) @ cor
Service acquisition executive

Production

Service chiefs

. Milestone

O Program start and milestone

’ Reviews (PDR = Preliminary design review, CDR = Critical design review)
. High level requirements

. Low level requirements

Scurce: GAO analysis of DOD pelicy and selected pregrams. | GAO-15-469
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System
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Developed through
systems engineering

Subsystem
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(e.g. airframe weight, fuel capacity)

Component

Specifications
(e.g. types of materials used in airframe,
size and configuration of fuel tank)

Low-level
requirements

Source: GAO analyss of DOD policy and gudance. | GAO-15-489

The program was approved to start system
development with 7 key performance parameters.
In order to meet these key performance parameters
—which did not change—the program ultimately
translated them into over 50,000 lower-level
requirements before it was canceled.

Requirements start small and
grow to a long list.

11
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Apparent mathematics
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Multiple Objective Decision Analysis

Based on the additive value model, multiple objective decision

analysis (MODA) analyzes decision based off of multiple

objectives.

Keeney, R., &
Raiffa, H. (1976).
Decision with
Multiple Objectives:
Preference and
Value Tradeoffs.
New York: Wiley &
Sons.
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Parnell, G. S., Chapter 19, Value-Focused Thinking, Methods
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Operations Research Society, Editors Andrew Loerch and Larry
Rainey 2007, pp. 619-656.
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Parnell, G.S.,
Driscoll, P. J., &
Henderson, L. D.
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Making in Systems
Engineering and
Management. 2 Ed,
John Wiley & Sons.

14



Use value (utility) functions to define the single o
measure tradespace Wl

Alternative-Focused Thinking (Local)

= & = AFT Alternative
Value Curve for Probability of Detecting Objects —o— AFT
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The value curve for each measure quantifies the value for the range of interest.
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MODA: UAV example oy

Wiy

 |In MODA, each parameter has the value relationship graphed to create a
value curve.

100 100 100 - 100

UAS weight UAV volume # of S UAV range P[Detect All weather s P[UAV 0 1 81 &
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. operate ) Rabuy ey ry w0 w0 o w0

x Jr e : o
12 100 100 0.6 0 0.5 0 0.5 0

& 100 1 50 0 0.85 0 1 0
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Modified from M. Cilli and G. &
Parnell, “Understanding °
Decision Management,” Trade-
off Analytics: Creating and
Evaluating the Tradespace,
G. Parnell, Editor, Wiley &
Sons, 2017
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P[UAV Recovery]

The value curve for each measure quantifies
the value for the range of interest.
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Swing Weight Matrix e

« Using value curves and the ranges of variance, the swing weights
are developed and determine the weight distributed to each

measure.
Mission Critical Important Useful
Measure fi i Measure fi i Measure fi
High UAV endurance All weather P[UAV
(o L1 JI 1A CET W (hrs.) 100 0.28 capability 50 0.14 Recovery] 10 0.03
Medium UAV volume
o= ETINVACEM Reliability 80 0.22 UAV range (km) 40 0.11 (ft3) 5 0.01
Small P[Detect # of people to
(0T EIJINWACET ] Objects] 50 0.14 UAS weight (Ibs.) 20 0.06 operate 1 0.00

Swing weights determine the amount
of value distributed to each measure

17



Value Scores oy

oLk
» Using the value curves, scores on the measures for each

alternatives Is converted to value scores.

UAS
. weight UAV volume | # of people to UAV range P[Detect All weather UAV endurance
Alternative Scores (A (ft3) operate Reliabilit (km) Objects] capability (hrs.) P[UAV Recove
12 60 0.6

Cardinal 5 1 0.9 0.92 3 0.5 .
Buzzard 10 18 1 0.8 60 0.9 1 1 0.7
Crow 10 20 2 0.7 70 0.92 3 1 0.8
15 30 2 0.6 80 0.92 3 148 0.9
30 40 2 0.6 90 0.9 1 2 0.9
Hypothetical Best ) 12 1 0.9 90 0.92 3 2 0.9
5 10 1 1 100 1 5 25 0.9

. UAS weight # of people to All weather
Alterative Value . UAV volume (ft3 operate iabili P[Detect Objects capabilit UAV endurance (hrs.

Cardinal 100 100 100 100 20 100 100 100 100
Buzzard 86 91 100 80 20 50 86 91 100
Crow 86 75 50 25 40 100 86 75 50
Pigeon 72 50 50 0 60 100 72 50 50
Robin 29 25 50 0 100 50 29 25 50
Hypothetical Best 100 100 100 100 100 100 100 100 100
Ideal 100 100 100 100 100 100 100 100 100

18



Normalized Value %

« Using the swing weight tables the value is normalized to account for
the weights for each measure

UAS UAV
. . weight UAV volume | # of people range P[Detect All weather UAV endurance P[UAV
Swing Weights K5 (ft3) to operate Reliabilit (km) Objects] capability (hrs.) Recovery]

Normalized Swing
Weight, wi 0.056 0.014 0.003 0.225 0.112 0.140 0.140 0.281 0.028

Ibs. ft3 to operate Reliabilit UAV range (km Objects capabilit hrs. Recove
Cardinal 5.6 1.4 0.3 22.5 2.2 14.0 14.0 0.0 1.3
Buzzard 4.8 1.3 . 18.0 2.2 7.0 0.0 16.9 2.2
Crow 4.8 1.1 0.1 5.6 4.5 14.0 14.0 16.9 2.5
4.0 0.7 0.1 0.0 6.7 14.0 14.0 22.5 2.8
1.6 0.4 0.1 0.0 11.2 7.0 0.0 28.1 2.8
Hypothetical Best 5.6 1.4 0.3 22.5 11.2 14.0 14.0 28.1 2.8
5.6 14 0.3 225 11.2 14.0 14.0 28.1 2.8

[ 2



Alternative Value o

 Summing the value across the measures according to the
additive value model gives the value for each alternative

Value Component Chart AFT

M Reliability

oooooooooooooooooo

20



Value (utility) function using ﬁ\

Alternative Focused Thinking (Local) ta .-.,;/

y( Value Component Chart AFT

B P[UAV Recovery]

Xy )=)1=1Tni [ i h B e
Keeney, Wl Vsll (X»ll/) 60 -

Raiffa, H. (1976).
Decision with

Multiple Objectives! l': 1 rnW\l ZO -

- P[Detect Objects]
- 60 H UAV range (km)
— el

40 Reliability

# of people to operate

20

Preference and 0 ® UAV volume (ft3)
Value Tra S. 05 1 15 2 25 0 " UAS weight (Ibs)
New York: Witey & C
Sons. —
[
[
[ I d
 Advantages  Disadvantages
— Quantitatively defines tradespace — Not aligned with capability based planning
— Swing weights prioritize measures — Does not evaluate entire tradespace
— Relatively easy to construct values curves and —  Only accounts for known alternatives
assess weights
— Perform sensitivity analysis

21



Modified from Keeney,
R. L. (1992). Value-
Focused Thinking: A
Path to Creative
Decisionmaking.
Cambridge, MA:
Harvard University
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Value-Focused Thinking has been used for Capabilities Based
Assessments for platforms and mission chains.
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Value (utility) function using .

“ ..'7

Value-Focused Thinking (Global) e

Value Curve for Probability of Detecting Objects =& -VFT = & =AFT
100

0.84 4 0.86 0.88 %9 0.92 0.94 0.96 0.98 1
Worst 4 Best 4
Alternative Threshold Obijective Alternative Ideal

Using VFT increases the range of interest.
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Changes in Value Curve

« Each value curve has an ideal which increases
the tradespace
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Multiple Objective Decision Analysis for
Trade-off Analysis

Value Focused Thinking (Global)

J,

‘\ '#

Value Component Chart VFT

v( 100 —
100 - 2l 90 ® P[UAV Recovery]
— — 1 P 80 - sl o) —]
x / —_— l_ n | UAV endurance (hrs)
i sl 70
\l . \l . J . 60 60 All weather capability
W l V l x l/ 40 - 50 e—— — P[Detect Objects]
20 - 40 — ® UAV range (km)
0 30 === ® Reliability
2 v - P b 0.50.60.70.80.9 1 - L
Keeney, R. L. (1 992) l: 1 7‘72 W\ll 20 . . | # of people to operate
Value-Focused q - BN B = UAV volume (ft3)
Thinking: A Patk4o] ' C 0o = =
: \a i
Creatlve I : (ng\ %\5’0’ &0 B UAS welght (|b5)
Decisionmaking. '

Cambridge, MA:
Harvard University
Press.

. Advantages . Disadvantages

— Aligns with capability based assessment -

Quantitatively defines tradespace
Swing weights prioritize measures (will
be different than AFT)

Identifies value opportunities

More effort to identify ideal and construct
value curve

May give value to unachievable
tradespace

25
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AFT vs VFT e

Value Component Chart AFT Value Component Chart VFT

100 | 100 —

90 90
™ P[UAV Recovery]
80 80

M P[UAV Recovery]

UAV endurance (hrs) UAV endurance (hrs)

= All weather capability = All weather capability

" P[Detect Objects] ¥ P[Detect Objects]

® UAV range (km) M UAV range (km)
M Reliability ® Reliability
# of people to operate

# of people to operate

B UAV volume (ft3) ™ UAV volume (ft3)

M UAS weight (lbs) B UAS weight (Ibs)

 AFT tradespace focuses on the known alternatives.
 VFT tradespace aligns with Capabilities Based Assessment.

« Alternative preference may change with VFT since value
curve and weights can change.
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Value-Focused Thinking helps identify A~

ll T EAY
and quantify resilience et
Value Curve for Probability of Detecting Objects —&—AFT —8—VFT
100 r e
90
80
70
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50
40
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10
0
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+ ’ 4 4
Worst
Alternative Threshold Objective Best Ideal
J Alternative

The additional performance and value in the green box
provides mission and platform resilience.
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Resilience opportunity chart for notional
UAV example

100

Each value 30

measure can be 80

seen as mission or
platform resilience

The value gap ’
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Crow

Resilience Opportunity Value Chart
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Mission Resilience
Platform Resilience
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H UAV endurance (hrs)
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Value component chart can identify opportunities to improve resilience.
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The value
above
each
measure
are the
resilience
opportuniti
es on that
specific
measure
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Resilience Opportunity Floating Value Chart
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Floating value chart can further identify

specific opportunities to improve resilience.

Resilience opportunity floating value chart for
notional UAV example

Mission Resilience
u P[UAV Recovery]
Platform Resilience
m UAV endurance (hrs)
B All weather capability
M P[Detect Objects]
m UAV range (km)
M Reliability
u # of people to operate
H UAV volume (ft3)
B UAS Weight

29



Resilience value and opportunity chart for
notional UAV example

« The value
and
opportunities
of resilience
can be
shown using
a resilience
value and
opportunity
chart
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A resilience value and opportunity chart can
identify resilience value in alternatives.
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Three Resilience MODA Methods

Resilience Opportunity Valuel

Toal Value

100
a0
80
70 Mission Resilience
Platform
60 ® P[UAV Recovery]
W UAV endurance (hrs)
S0
™ Al weather capability
i m P|Detect Objects)
W UAV range (km)
30 m Reliability
® ¢ of people to operate
20 ® UAV volume (ft3)
W UAS Weight
10
0
Cardina Buzzard Crow Pigeon Robin Hyothetical ideal
Best
UAS Svstem

Method chosen depends upon
complexity of problem and data
availability.
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Include “llities” in Value Modell?!
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Targer Tarram Minimize Signature i round stiack Messages in Benign Required Refueling Ve rsati | Ity
Conditions Pauses
Defeat Most Difficult Traverse Difficult Send & Receive Minimize time Elastici ty
arget Terrain Messages in Counter- required to refuel
measured Conditions Affordabilit
A aaplity

Timeliness

Include resilience KPP calculation

L
)

[1]C. Small, G
Value Focused
[2] Modified fro

. Pamnell, E. Pohl, S. Goerger, C. Cottam, E. Specking, and Z. Wade, “Engineered Resilient Systems with

Thinking,” in 27th Annual INCOSE International Symposium, 2017.
m Dr. Matt Cilli, Army Armament Research and Development Engineering Center, Picatinny, NJ

Detection Distance With Mission Performance System Properties %
o7 Degradibility 10% Full
Survival
Recovery 5%
80%
Reliable Mission
o Survivability Restores‘ %‘
S0 20%
Available Gty 15%
‘ MIS.SIO.n . n. Restoration
80% Reliability Partial
Sunival,
PS|RA 80%
. Mission 10% No o
Availability Not Performance Restore
Reliable
20% . 'No 5% ‘
Not Performance mTpIete /4
Available 058

Full
Performance

Reduced
Performance
(With Recovery)

Reduced
Performance
(No Recovery)

No
Performance

100

90
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Method 2: Include “ilities” in Value
Model Example

Stakeholder Value

A . Minimize
Performance Be Future-Leaning M|n|m|z(§eolgltfse—CycIe Development
Schedule

1 1
Minimize switching
. . . . Enable Sustained costs required to
Avoid Detection Withstand Attack Communicate Operations defeat anticipated
future threat
- : Send & Receive Minimize Frequency
Defeat Most Traverse Common R . Maximize Protection p : :
=1 Common Target o Terrain Minimize Signature to HE round attack ™1 Messages_m Benign || fe= of Requwed
Conditions Refueling Pauses
Send & Receive
|__I Defeat Most Difficult| L__} Traverse Difficult - Messages in - Minimize time
Target Terrain Counter-measured required to refuel
Conditions

Key
Base Elasticity

Versatility  Affordability
Timeliness

Modified from Dr. Matt Cilli, Army Armament Research and Development Engineering Center, Picatinny, NJ 33



Method 3: Incorporate Resilience in all appropriate Key f\
Performance Parameters (KPPs) ‘{,-l,',:g';y

Detection Distance With Mission Performance System Properties %
5 Degradibility 10% Full
> Survival Full
Recowry % 80% \/‘ ><Performance 100
Reliable ..
Mission Reduced
o @ Survivability Re;;:;es‘ 4 f@ﬁ:ﬁr?jc'f;rw o
Available >' Mission 15% .
P - Restoration
80% Reliability Partial
ggmval' Reduced
RA 80% u
‘ Mission 10% No - >.» Performance 20
Availability Not ‘ ><Performa nce Eg:t?r: >< (No Recovery)
Reliable
20% 5% No
Yoo ‘ /< se?rformance Complete>‘ >< Performance 0
Available loss
! 4
Expected PeTfOrmance with
~ -~ ! 4 ! 4 -
A Mission Resilience = sz
(p(t) Event ¢j . . . .
llustration modified from Assumes: Mission, Scenario, Threat=1
Barker, K., Rocco, C. M., #(t) 5% i Full Performance
& Ramirez-Marquez, J. E - olty) » Reduced Performance (with recover)
. esilience
(2013). Resilience Basec Action
Network Component :
Importance Measures. ;
Reliability Engineering & o(ty)
Systems Safety, 89-97. : ) » Reduced Performance (no recover)
Reliability ;js‘s:;‘l'l‘g
\ . —> » No Performance
tq t t; time

bt o
sy A

Stable Original State ~ System Disruption Disrupted State System Recovery Stable Recovered State



ERS Influence Diagram oy

‘\ .#

Model Based Vodeling & Trade-off Analysis
Simulation
Systems MI|D,R,s, m, t, i Performance
Small, C., Parnell, G., Engineering D l\;e:\sr:rist ™ Value
0 B
Pohl, E., Goerger, S., System SV V|D,R,m,sp,i,L
Cottam, C., Functions
Specking--, E., Wade, m flm,s, DRt
Z., “Engineering
Resilience for
Complex Systems,”
P y Threat Scenarios

15th Annual Assessment s|r,T
Conference on T

. . Platform and
Systems Engineering Mission Resilience Service life Affordabilit
Research, Redondo Response Decisions L|D,R oraabiiity
Beach, CA, March R|D,m,s,t
23-25, 2017 ;

Requirements Design
r Decisions
D|r,T
lities Life Cycle C(?st
i |D,R, f,M C|D,R,M;i

Provides context for ERS decision making. Influence
diagram simplified using conditional notation.
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UAV Tradespace Tool Summary

Engine Characteristics

Control Panel

lg\‘-l

Analytics Hierarchy

UAV Set Based Design Tool
Data Provided by ARDEC (Dr. Matthew Cilli and his UAV team)

Analytics Heirarchy

| E

|
:j Cost vs Value Trade-Off for point designs and sets

Integrated Value and Cost Model
Multiple Objective Decision Analysis

— —
T |

Fusi Tank
et b bewen D1 1T Chosen UAV Value
Payioad - .
Sensars °
| —
Value
[Ty Vo Nesrs Dt | Vo Scr ‘Swng weig Ve van
TRE Wt i %
& | o "
o Popk s  Opersie a & ey
o | = e
Probeityof Detscton o = &3
N Wieahe Crpaity Hi P
Exiree W =
Prosaity o Foviont A& o
o] =

[ 1

E

: T —

e T—

T —

Using excel, we have created a tool that propagates design decisions
through simultaneous calculations to assess value and cost.

Always a Step Ahead

ARDEC

ARMAMENTS

UAV data provided
by Dr. Matt Cilli

For each of the discrete design decisions, Engine, Airframe, Sensors,
Communications, Power Source, there is a page that uses the binary choice in the
control panel to give the characteristics of each component.

Value

Airframe and Engine

w0 c ¢
ost ($K)
@ Cardinal 155 ® Cardinal 75AX
Pigeon 155 @ Pigeon 75AX
@ Robin 95AX Robin BGX

5,000 [Value vs Cost Trade-offs
; : Prescripti
4 4
4 3
3 o
Predict performance on all value measures using
F‘ P R e | simulations and physics based models
Ty e eer— P
= Predictive 5,000 |Cost estimates

45,000 |Value Measure Estimates
0 [Macros

640,000 |Calculations

Descriptive 9 |value Measures
5,000 [Alternatives by SIPmath
8,640 [C inati of design alternatives

6 |Design Parameters

.
200 250
@ Robin ®Buzzard W 155 Engine
Cardinal BGX Cardinal G15
@ CrowGT15 @ Crow GT22
@ Pigeon BGX @ Pigeon GF 40
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UAV Set Based Design Tradespace Tool

UAV Trade-off Analysis Control Panel

Data Provided by ARDEC (Dr. Matthew Cilli and his UAV team)

Note: Choice Between Components must be Binary, Fuel Tank Gallons held is continuous

Am::ﬂf:a[l;r:i Engine Choice Fl{el Tank Chosen UAV Value
ign GF40 (4 Stroke) 0 Gallons must be between 0.1 and 1.1
Dove 0 GT15 (2 stoke) 1 0
Robin 0 GT22 (2 Stroke) 0 Gallons Held 0.97 Probability of
Buzzard 0 FF-320/ 809 x4 0 % Retrieval
Cardinal 0 155FS-a w/Pump / 1.548 0
Crow 0 BGX-1/2.13 0 & Endurance
Pigeon 1 95AX [ .949 0 Engine Characteristics 70
Total (Must Be One) 1 75AX /.75 0 Output (hp @ max rpm) 237
. . 60 All Weather
Total (Must Be One) 1 Fuel Consumption (0z/min) 0.54 Capability
Fuel Consumption (gal/hour) 0.25 50
= Probability of
Payload 40 Detection
Communications Sensors Power Source UAV Selection 0
Communications 1 0 Diameter Ball Power Source 1 0 Pigeon = Range
Communications 2 0 6 1 Power Source 2 0 GT15 (2 stoke) 20
Communications 3 1 7 0 Power Source 3 1 0.97 Gallons
Communications 4 0 10 0 Communications 3 10— Reliability
6 Diameter Ball
[
Power Source 3 Chosen UAV
Total (Must Be One) | 1 Total (Must Be One)| 1 Total (MustBe One) | 1
Value Calculations
Value Measure Value Measure Data | Value Score Swing Weight Weighted Value
UAS Weight 37 9 6% 1
UAS Volume 50 0 1% 0
# of People Required to Operate 3 0 0.3% 0
Reliability 1 94 22% 21
Range 240 89 11% 10
Probability of Detection 1 85 14% 12
All Weather Capability 5 100 14% 14
Endurance 4 99 28% 28
Probability of Retrieval 1 94 3% g
Value 100% 88
| Cost | Legend
|Cost in $K per unit [s  141.25] Data
- Efficient Point #: 1 Calculation
¥ | Total Efficient Points: 34 Notional Data
Output

Using excel, we have created a tool that propagates design decisions
through simultaneous calculations to assess value and cost.
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Point-Based to Set-Based Design

100

90

80

70

60

50

Value

40
30
20

10

o Efficient

® Buzzard W 75 AX

® Cardinal G22
Dove 75AX

® Pigeon GT15

Savage, Sam, and Thomas Von Der
Ohe. "SIPmath." SIPmath. Probability
Management, Web. 13 Mar. 2017.
<http://probabilitymanagement.org/
sip-math.html>.

Airframe and Engine
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’0 s - ) . 3. °
L% 7% ‘,.‘: .I
oP o Ton s
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? £ e
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¢’e
.
50 100 150 200
Cost (SK)
® Buzzard Cardinal Crow ® Dove ® Pigeon ® Robin
® Buzzard W 95AX ® Buzzard BGX ® Cardinal 155 Cardinal 75AX Cardinal 95AX Cardinal BGX
Crow 155 ® Crow 75AX ® Crow 95AX ® Crow BGX ® Crow GF40 ® Crow GT15
Dove 95AX Dove BGX Pigeon 155 Pigeon 75AX Pigeon 95AX ® Pigeon BGX
® Pigeon GT22 ® Robin 75AX ® Robin 95AX Robin BGX

250

® Buzzard W 155 Engine
Cardinal G15

® Crow GT22

® Pigeon GF 40

The model was adapted to perform set based design utilizing
SIPmath, an open-source, Monte Carlo simulation add-in in
Microsoft Excel from Probability Management. Each color
represents a different notional airframe design alternative.

wesyy
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Summary

Resilience Opportunity
Value

Resil

R

lence KPP

100 B
90
80
70 Mission Resilience
Platform Resilience
g 60 ® P[UAV Recovery]
g W UAV endurance (hrs)
Z 50
B . W Al weather capability
]
= m P[Detect Objects
40 |Detect Objects)
WUAV range [km)
30 m Reliability
® # of people Lo operate
20 mUAV volume (ft3)
W UAS Weight
10
0
Cardinal Buzzard Crow Pigeon Raobin Hyothetical Ideal
Best
UAS System

Include “llities” in Value Model

Key
Base
Versatility

|_ Winiicn Sgrature I_Mlnmlu Protection to

HE round attack Messages n Benign

Conditions

Vessage ncoumer- Elasticity
e Affordability
Timeliness

1
Minimize Development
Schedule.

Detection Distance With Mission Performance System Properties %
i Degradibility 10% Full
Survival Full
Recovery 5% 100
80% Performance
Reliable @ Mission Reduced
L Restores
0% Survivability F >< Performance 91
20% (With Recovery)
Available Mission 15% .
- " Restoration
o Reliability Partial
80% .
Sunval,
PS|RA 80% Reduced
.7 Mission 10% No 5 Performance %
oo oesn't (No Recovery)
Availability Not Performance Restore
Reliable
20% No 5% >' ><No
- 5‘ > < Performance COTp|Ete Performance
Available 0%
Set Based Design
Airframe and Engine
10
o . .
80
70
0
2w
=
w0
30
0
10
50 10 150 200 250
Cost ($K)
otifient - o Cardinal crow o0oe origeon ofotin @ Buzard W 155 Engine
@ Buzzard W 75 AX @ Burzard W 95AX ——~ o Cardinal 155 o Cardinal 758 o Cardinal 958X Carcinal 86X Carcinal 615
o Cardinal 622 o Crow 155 o Crow 750 o Crow s o CrowBox o Crow GF10 o CroncTis o Crow 6122
Dove 75 Dove 95X Dove 86X Pigeon 155 o Figeon 754K Figeon 95X @ Pigeon 86X o Pigeon GF 40
oPigeon GT1s Pigeon 612 @ Rotin 758X @ Robin 954 Robin BGX ffcient
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