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Credits: USAF (top,right)
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% & 1 1

D

2 . ]
Generate list Generate list Monte Carlo Simulation
of objectives/ of candidate
attributes designs

| |
v

Evaluate and record each
design’s performance with
respect to each attribute

@

Populate AHP
objectives pairwise

A 4

comparison matrix,
including PDFs on
each element

g@ Repeated Sub-Process

@ Select* an AHP objectives pairwise comparison
matrix, based on PDFs for each element

® ,
-) Determine traditional deterministic AHP
objectives priority vector (weightings)

5 v
Q Apply traditional deterministic TOPSIS

3 v
Q Record scores and rank order of alternatives

*Selections in this step are
automated as part of the
Monte Carlo simulation.

A\ 4

Visualize and
Review Results

10

A\ 4

Select
Alternative(s)
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Attribute Units  Preferred Value
Launch Margin percent High
Launch Cost $FY2009M Low
Launch Reliability percent High
Image Field of View Area km? High
Image Nadir Ground Sample Distance km Low
Mean Worst-Case Daily Data Latency hours Low
Mean Daily Coverage Time hours High
Orbit Lifetime years High
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Design Variable

Options Considered

Launch Vehicle

Orbit Altitude (km)
Orbit Inclination (deg.)

Falcon 1, Falcon 1le, Pegasus XL,
Pegasus XL with HAPS, Taurus 2110, Taurus 2210,
Taurus 3110, Taurus 3210, Minotaur |, Minotaur 1V,

Athena I, Athena Il
200, 300, 400, 600, 1000, 1500, 2000
0, 10, 20, 30, 40, 50, 60, 70, 80, 90

4 ]
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Attribute Units Evaluation Technique
Launch Margin percent ELV RSEs
Launch Cost $FY2009M LV Database
Launch Reliability Percent LV Database
Image Field of View Area km? Geometry
Image Nadir Ground Sample Distanca lem Ceomatn:
Mean Worst-Case Daily Data | Design Definition | Design Attributes
Mean Mean
Mean Daily Coverage Time Design Orbit  Orbit Launch Launch  Launch  Launch Irgg%/e Iﬁln:cﬁf Worst-Case Daily Orbit
No. Alt. Inclin. vehicle Margin Cost Reliability Area GSD Daily Data Cov_erage Lifetime
L (km) (deg.) (percent) ($FYO9M) (percent) Latency Time (yrs)
Orbit Lifetime (k) (m) (hrs) (hrs)
1 400 30 Pegasus XL 0.1 22.4 93.6 383 1.0 14.8 0.62 0.5
2 400 30 Minotaur | 31.9 22.4 97.9 383 1.0 14.8 0.62 0.5
00 30 Athena | 86.4 42.4 95.2 383 1.0 14.8 0.62 0.5
00 40 Minotaur | 27.4 22.4 97.9 383 1.0 14.1 1.00 0.5
00 40 Athena | 76.9 42.4 95.2 383 1.0 14.1 1.00 0.5
00 50 Minotaur | 22.8 22.4 97.9 383 1.0 12.8 1.18 0.5
50 Athena | 67.1 42.4 5.2 383 1.0 12.8 1.18 0.5
S 60 Minotaur | 18.0 22.4 7.9 383 1.0 11.7 1.10 0.5
60 Athena_! 56.9 42.4 .2 383 11.7 1.10 0.5
- a5
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High Launch Margin

Low Launch Cost

High Launch Reliability

High Image FOV Area

Low Image Nadir GSD

Low Mean Worst-Case Daily Data Latency
High Mean Daily Coverage Time

High Orbit Lifetime

1 1/3
3 1
1/3 1/5
1/5 1/7
6 4
3 3
2 2
1/3 1/5
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O 3
/6 13 1/2 3
/4 13 12 5
1/8 1/5 1/4 1/5
/9 18 17 17
1 4 5 7
1/4 1 2 5
1/5 1/2 1 3
/7 15 13 1

83

* T.L. Saaty, The Analytic Hierarchy
Process, New York: McGraw-Hill, 1980.
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Actual AHP Scale, a
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Virtual AHP Scale, v
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Actual AHP Scale, a | 1/9 1/8 1/7r 1/6 1/5 1/4 1/3 1/2 1 2 3 4 5 6 7 8 9
Virtual AHP Scale, v| -7 6 -5 -4 -3 -2 -1 0 1 2 4 5 6 7 9
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High Launch Margin 0 15 2 2 25 25 25

Low Launch Cost 15 2 2 3 35 4

High Launch Reliability 0O 3 1 15 15 55

High Image FOV Area 0O 0 05 05 15

Low Image Nadir GSD 0

Low Mean Worst-Case Daily Data Latency
High Mean Daily Coverage Time
High Orbit Lifetime
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High Launch Margin

Low Launch Cost

High Launch Reliability

High Image FOV Area

Low Image Nadir GSD

Low Mean Worst-Case Daily Data Latency
High Mean Daily Coverage Time

High Orbit Lifetime
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Design Definition

Scores according to
Baseline Prioritization

Orbit

Orbit
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High Launch Margin 11/33 51/6 1/3 12 3

Low Launch Cost 3 1 5 714 13 12 5

High Launch Reliability 1/31/5 1 3 1/8 1/5 1/4 1/5

High Image FOV Area /51713 1 1/9 1/8 17 17

Low Image Nadir GSD 6 4 8 9 1 4 5 7

Low Mean Worst-Case Daily DataLatency 3 3 5 8 1/4 1 2 5
High Mean Daily Coverage Time 2
High Orbit Lifetime 1/3

Desian “uy ingiin,  Lunch - Closeness, gy
(km) (deg.) '
1 400 30 Pegasus XL 0.5546 27
2 400 30 Minotaur | 0.5603 23
3 400 30 Athena | 0.5574 25
4 400 40 Minotaur | 0.5694 18
5 400 40 Athena | 0.5657 21
6 400 50 Minotaur | 0.5783 12
7 400 50 Athena | 0.5739 16
8 400 60 Minotaur | 0.5817 11
9 400 60 Athena | 0.5765 14
10 400 70 Falcon le 0.6166 3
11 400 0 Minotaur | 0.5g=a 7
12 400 0 Athena | 0.5 10
13 4 Falcon 1e

Mir wr |
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Falcon 1e — 400 km, 70°
Falcon 1e — 400 km, 80°
Falcon 1e — 400 km, 90°
Taurus 2210 — 400 km, 90°
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Design Number

10

13

17+

"M% & %"

0)

Falcon 1e - 400 km, 90°

| | |
Falcon le - 400 km, 70° |
| |

' ' |
Falcon 1e - 400 km, 80° !

| | |
Taurus 2210 - 400 km, 90°
| | |

0

| | [ |
0.2 0.4 0.6 0.8
Probability of being the Top Design

1

88.71%

5.82%

5.42%

0.05%

0.6194

0.6166

0.6183

0.6134

T |_| 1

Deterministic
TOPSIS Score
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Falcon 1e - 400 km, 90°
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Taurus 2210 - 400 km, 90°
Falcon 1e - 400 km, 90°
Falcon 1e - 400 km, 80°
Falcon 1e - 400 km, 70°
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Athena | - 400 km, 90°
| |

Falcon 1e - 600 km, 70°
| |

Falcon 1e - 600 km, 80°
| |

Athena | - 400 km, 50°
[ [

| |
| |
| |
| |
l l
Falcon le - 400 km, 70° | | : _
| | | | g u
| | | | e
| | | | >
| | | | z 12
| | | | c
| | | | k=
| | | | g 14
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Falcon 1e - 400 km, 80 : : 7 15
l l l l
| | | | 19
| | | |
| | | |
| | | | 30
l l l l
- Taurus 2210 - 400 km, 90° | b 34
l l l l
| | | | 7
| | | |
i i [ i
0 0.2 0.4 0.6 0.8 1 0

Probability of being the Top Design

0.2 0.4 0.6
Probability of being within the Top 5 Designs

1

Design Number

Taurus 2210 - 400 km, 90°
Falcon 1e - 400 km, 90°

Falcon 1e - 400 km, 80°

Falcon 1e - 400 km, 70°
Minotaur | - 400 km, 70°

Minotaur | - 400 km, 90°

Athenal - 400 km, 90°

Athena | - 400 km, 80°
———

Athena | - 400 km, 70°

Minotaur | - 400 km, 60° | |

Falcon 1e - 600 km, 90° | |

Falcon 1e - 600 km, 80° : :

Minotaur | - 400 km, 50° : :

Falcon 1e - 600 km, 70° i i

Minotaur | - 400 km, 40° : : B

Athena | - 400 km, 50° |

Athenal - 400 km, 60° | |

Falcon 1e - 600 km, 60° : :

Athenal - 400 km, 40° : :

Falcon 1e - 600 km, 50° i i

0 0.2 0.4 0.6 0.8 1
Probability of being within the Top 10 Designs
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m@== Design 6: Minotaur | - 400 km, 50°
@@= Design 8: Minotaur | - 400 km, 60°

@@= Design 10:
e Design 11:
o Design 12:
Design 13:
o e Design 14:
Design 15:
—— Design 16:
Design 17:
—— Design 18:
m@== Design 19:
e Design 30:
Design 34:
Design 37:

Falcon 1e - 400 km, 70°
Minotaur | - 400 km, 70°
Athena | - 400 km, 70°
Falcon 1e - 400 km, 80°
Minotaur | - 400 km, 80°
Athena | - 400 km, 80°
Falcon 1e - 400 km, 90°
Taurus 2210 - 400 km, 90°
Minotaur | - 400 km, 90°
Athena | - 400 km, 90°
Falcon 1e - 600 km, 70°
Falcon 1e - 600 km, 80°
Falcon 1e - 600 km, 90°
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Falcon 1e - 400 km, 90°
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This presentation was made possible in
part by a Travel Grant from the Gerald
A. Soffen Fund for the Advancement of
Space Science Education.

For more information, visit
http://www.nasa-academy.org/soffen/travelgrant/

Dr. Gerald Soffen
Viking Project Scientist



