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» Why Worry?

> Definitions

> Scenario: Recommend a Preferred Alternative

> Scenario: Trades
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> Decision Analysis

> Decision Support Information

of the elements are what produce actionable and usable
information for the decision
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Establish overall decision context
PLAN Frame decision in terms of objectives
Identify methods and tools

Develop decision criteria (objectives/measures) and rationale /

4 Review requirements and assumptions
(

Identify and define alternatives
Analyze and assess alternatives
Synthesize results and document decisions y

(g_l;_lﬁg$) Analyze sensitivities

Develop decision briefing with action/implementation plan(s)

Make recommendation(s) to decision-maker(s)




> “If you torture data long enough, it will tell you
anything you want to hear.”

> Scenario / Task (next slide)




Time to Prototype

Sensor

5-Year Cost Resolution

Time on Station




> Numerous stakeholder communities

> Numerous external entities

conflicting - if not mutually exclusive — views

what the audience wants or expects
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In this scenario, the analysis team would likely recommend System 4 as the

preferred alternative, even though all scores are reasonably close

Decision
Factors

Weights

Alternatives

System 1
System 2
System 3
System 4

Time to

Prototype

Test

2.5

5-Year Cost

Sensor Speed Time on
Resolution Station
Weighted
15 15 2.5 Totals

U = Utility value

Scores
W = Weighted value
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If the analysts think — or are led to believe - that the customer values cost more

highly than time on station,

Decision
Factors

Weights

Time to _

Prototype | 5-Year Cost | _ Sensor Speed Time on

Test Resolution Station

2.5 2.5 15 15 2.0 -

Scores
U = Utility value W = Weighted value

U W U W U W U W U W
6] 1.5 g [ 175 .8 12 | .7 ] 105 ]| .6 1.2 6.7
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> feedback from the decision-maker(s)

consensus “one-size-
fits-all” recommendation

> adequacy of
the analysis

may not know - or be able to articulate — what specific

additional information

distill the feedback

> The process tends to repeat until the decision-makers agree on what is REALLY
important



> “What can you do sooner?”

> “It has to be different” -- bigger (smaller), faster (slower), lighter (heavier),
secure (open-source), etc.
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> “What’s a cheaper option?”
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» CASE STUDY: Space Situational Awareness (SSA) Architecture Characterization

e Observatlon
Platform

Spaee CQn enter  Satellite Control Center

Adapted from SMC/XRD “PASEP” study, 2006-2008



» What does “orbit” mean?

> Are there any obvious constraints?

> architectural analysis scoped the problem
[ )

level trades assessed various characteristics of both space-based
and ground-based systems

Adapted from SMC/XRD “PASEP” study, 2006-2008
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Metric

Near-Synchronous
Circular Orbits

Synchronous Apogee,
Highly Eccentric Orbits

Best percentage of close
approaches in a given time

Acceptable percentage of
close approaches

Normal GEO launch
parameters

~1500 m/sec less than GEO

Acceptable imaging
performance

Best method for both
imaging and detection

Adapted from SMC/XRD “PASEP” study, 2006-2008




Figure Orbit Type a e apogee Rating
3 |Eccentric, Synchronous Apogee 24546 km 0.719791 42214 km
Eccentric, Synchronous Apogee 26584 km 0.587948 42214 km
Eccentric, Synchronous Apogee 32200 km 0.310994 42214 km
Eccentric, Synchronous Apogee 37684 km 0.12021 42214 km
Eccentric, Synchronous Apogee 39576 km 0.066657 42214 km
Eccentric, Synchronous Apogee 41254 km 0.0232705 42214 km
Eccentric, Synchronous Apogee 41855 km 0.0085772 42214 km
Eccentric, Synchronous Apogee 42010 km 0.004856 42214 km
Eccentric, Synchronous Apogee 42086 km 0.0030414 42214 km
Circular, Near Synchronous 42014 km 0 42014 km
Circular, Near Synchronous 42064 km 0 42064 km
Circular, Near Synchronous 42089 km 0 42089 km
Circular, Near Synchronous 42114 km 0 42114 km
Circular, Near Synchronous 42139 km 0 42139 km
Circular, Near Synchronous 42164 km 0 42164 km
Circular, Near Synchronous 42189 km 0 42189 km
Circular, Near Synchronous 42214 km 0 42214 km
Circular, Near Synchronous 42264 km 0 42264 km
4 |Super HEO 42164 km 0.5 63246 km
1 |[Circular, Sub Synchronous 26600 km 0 26600 km
2 |Circular, Super Synchronous 67000 km 0 67000 km

Bt

Adapted from SMC/XRD “PASEP” study, 2006-2008




Configuration 1

Configuration 2

Configuration 3

Configuration 4

Configuration 5

Configuration 6

Configuration 7

Configuration 8

50 cm Imager, | 50cm Imager, | 10cm Imager, | 10cm Imager, | 50 cm Gimbal 50 cm Gimbal 10 cm Gimbal 10 cm Gimbal
Sub-GEO GTO Sub-GEO GTO Imager, Sub-GEO| Imager, GTO | Imager, Sub-GEO| Imager, GTO
Mass Mass Mass Mass Mass Mass Mass Mass
kg lbm kg lbm kg lbm kg lbm kg lbm kg lbm kg lbm kg lbm
Payload Total 106 233 106 233 69 152 69 152 117 257 117 257 74 164 74 164
50 cm Imager 65 143 65 143 65 143 65 143
10 cm Imager 33 73 33 73 33 73 33 73
Imager Gimbal
Payload Communications 27 59 27 59 27 59 27 59 27 59 27 59 27 59 27 59
Payload Contingency 14 30 14 30 9 20 9 20 25 55 25 55 15 32 15 32
Spacecraft 319 704 391 863 305 674 376 830 322 710 348 768 291 641 319 703
Propulsion 50 110 56 122 46 101 56 122 47 104 56 122 47 104 56 122
Attitude Determination and Control 25 54 39 86 25 54 39 86 25 54 24 54 25 54 24 54
Telemetry, Tracking, and Control 11 24 11 24 11 24 11 24 11 24 11 24 11 24 11 24
Command and Data Handling 11 24 12 27 11 24 12 27 11 24 12 27 11 24 12 27
Thermal 10 22 12 26 9 19 10 23 12 27 13 28 10 21 10 22
Power 65 143 80 176 64 140 80 176 50 111 58 128 51 112 58 128
Structure 84 186 104 228 79 175 93 205 101 223 104 230 78 173 83 184
Spacecraft Contingency 64 141 78 173 61 135 75 166 64 142 70 154 58 128 64 141
Dry Mass 425 937 497 1096 374 826 445 982 439 967 465 1025 365 805 393 868
Wet Mass 565 1247 749 1652 498 1097 670 1478 | 607 1338 726 1602 497 1097 603 1329
Orbit Insertion Propellant 0 0 8 18 0 0 7 16 0 0 0 0 0 0 0 0
On-Orbit Propellant 140 309 243 536 123 271 217 479 168 370 261 575 132 291 209 460
Pressurant 0 1 1 2 0 1 1 1 0 1 1 2 0 1 1 1
Launch Vehicle Delta VM Delta IV M (4,0) DeltalVM Delta IV M (4,0) Delta VM Delta IV M (4,0) Delta IVM Delta IV M (4,0)
PAF Mass 113 250 113 250 25 55 113 250 113 250 113 250 113 250 113 250
Total Launch Mass 679 1497 862 1902 523 1152 784 1728 | 720 1588 840 1852 611 1347 716 1579
Performance 1138 | 2509 | 2700 | 5954 | 1138 | 2509 | 2700 [ 5954 | 1138 | 2509 | 2700 | 5954 | 1138 2509 2700 | 5954
Launch Mass Margin 459 1013 | 1838 | 4052 615 1357 | 1916 | 4225 | 345 760 1787 | 3941 490 1081 1947 | 4293
Spacecraft (S/C) per Launch 1 1 1 1 1 1 1 1

Launch Vehicle (LV) Percent Margin

Adapted from SMC/XRD “PASEP” study, 2006-2008
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Parameter X-Band Ka Band
2.5 2.5
50 16
0177 x0.354 |0.126 x 0.126
222,222 871,000
10 3.5
50 156

At least 10 dB more attenuation
in clouds, fog, and rain

$x

> $4x

Adapted from SMC/XRD “PASEP” study, 2006-2008




Parameter

Phased Array

Gimbaled Dish

Less structural metal, no gimbals
Future improvements in Tx/Rx module packaging and power
efficiency will reduce weight

Generally less than dish and gimbals

Less signal processing
equipment

Future improvements in materials and packaging will reduce losses
Cryogenic cooling can help reduce losses

Lower losses due to no
need for element
combining networks

Tracking speed set by computational speed
Parallel processing and combining multiple digital signal channels
allow simultaneous tracking of multiple targets

Tracking speed set by
mechanical scan rate

Tx/Rx modules produce ~10W each at X-band

For similar aperture
size, transmit power is
greater than PA antenna

Loses effective area due to gaps/edges between elements

Loses effective area
due to blockage by feed

Large number of elements enables advanced adaptive processing

High cost of Tx/Rx modules (NOTE: DARPA research projecting
unit cost decrease from ~$100 to ~$10 over next 10 years)

Adapted from SMC/XRD “PASEP” study, 2006-2008




> cost consciousness
reluctance to commit resources

> An option that looks promising at one point in time may look less so later

> risk-averse decision environment

Baseline
Option1 |
Option 2

@%lnalAn|st ﬂil ).
Reproductlon rights Abtainable from
W, CartoonStock comz.

Parameter1 (units)
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UNIVERSAL
> all

> One size

COLLABORATIVE

>

> The human is an external factor

seldom fits all

external factors and influences

NOT FOR THE NEOPHYTE - REQUIRES MORE THAN BASIC INTELLIGENCE

> Know what you want, and measure smartly
> Beware of “DRIP”

RESPONSIVE BUT REALISTIC

immediate solutions

> “Then a miracle occurs”
ALL ABOUT SMART CHOICES
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> Myriad external influences

> Hard to shift long-standing cultural paradigms

> Theoretical, more than practical / realistic, understanding of what is needed for
comprehensive planning / management of complex systems and systems of systems

> Difficult to reconcile risk-averse giw g decisions




> Affordability

> Biases

> Constraints

> Dependencies

> Enterprise

“Then a miracle is going to occur and there will be a new wrinkle in the laws of physics!” isn’t
really a good technology maturation, acquisition, or transition strategy

Taking for granted that dependencies and enablers will always be available is a recipe for
failure




> Help

> Integration

> “Just A Little More”

> Knowledge

> Latency

\J \)

the,cost data (or the operational scenarios, vignettes, etc.) are still valid

> How much thought went into the systems/concepts under consideration? Can the analysts (to

say nothing of the decision makers) make “apples-to-apples” comparisons with respect to key
attributes? Is any concept just a couple of PowerPoint slides and a back-of-a napkin sketch?




> Novelty

> Operational Context and Operating Concept

> Pressure

> Quick

> Reusability

> Options to reconfigure, reallocate, or re-engineer need to receive objective consideration if
they make technical, technological, and economic sense

——L——

> Very little gets done by a “one-of” product/system/platform/asset — or individual




> Transition

> Unanticipated Consequences

> Value Added

> “What-If?”

> The ever-present unknown — but not necessarily a bad thing, as long as the analysts and the
decision makers are aware that it exists, and as long as the information identifies it as such;
early technical planning should convert “Unknown Unknowns” into “Known Unknowns”
e ————
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"We demand rigidly defined areas
of doubt and uncertainty!”

.’
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. i Douglas Adams,
« The Hitchhiker$s Guide to the Galaxy



