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Uncertainty in 
Decision-Maker 
Preferences 
and System 
Performance
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Trades among Multiple Objectives

Uncertainty in 
Decision-Maker 
Preferences 
and System 
Performance

���������	��

����������	
��
�
������

�����	���������������	��
����
������ ������������
�	�

����������
�������
���������������
����

C
redit:  D

im
itriM

a
vris, G

eorgia T
ech

A
erospace S

ystem
s D

esign Lab

Objective #1

O
bj

ec
tiv

e 
#2

Better Worse

B
e

tte
r

W
o

rs
e

Objective Space

Positive 
Ideal Design

Negative 
Ideal Design

Objective #1

O
bj

ec
tiv

e 
#2

Better Worse

B
e

tte
r

W
o

rs
e

Objective Space

Positive 
Ideal Design
Positive 
Ideal Design

Negative 
Ideal Design
Negative 
Ideal Design

Objective
#n

D
es

ig
n 

#1
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#2
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#3
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#4

D
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#k

Design #1 1 1 7 3 1/7
Design #2 1 1 3 2 3
Design #3 1/7 1/3 1 1/9 1/2
Design #4 1/3 1/2 9 1 5
Design #k 7 1/3 2 1/5 1
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Objective #1 1 2 5 2 1/3
Objective #2 1/2 1 7 1 1
Objective #3 1/5 1/7 1 1/5 1/8
Objective #4 1/2 1 5 1 1
Objective #n 3 1 8 1 1
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Design #1 1 1 7 3 1/7
Design #2 1 1 3 2 3
Design #3 1/7 1/3 1 1/9 1/2
Design #4 1/3 1/2 9 1 5
Design #k 7 1/3 2 1/5 1
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Objective #1 1 2 5 2 1/3
Objective #2 1/2 1 7 1 1
Objective #3 1/5 1/7 1 1/5 1/8
Objective #4 1/2 1 5 1 1
Objective #n 3 1 8 1 1
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Modeled after TacSat-2
Launched Dec. 16, 2006

Credits: USAF (top,right) 
NASA (left)






Monte Carlo Simulation

Repeated Sub-Process 
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*Selections in this step are 
automated as part of the 
Monte Carlo simulation.

Generate list 
of objectives/

attributes

1

Populate AHP 
objectives pairwise
comparison matrix, 
including PDFs on 

each element

4

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

5

Determine traditional deterministic AHP
objectives priority vector (weightings)

6

Apply traditional deterministic TOPSIS
7

Record scores and rank order of alternatives
8

Select 
Alternative(s)

10

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

3

Generate list 
of candidate 

designs

2

Visualize and 
Review Results

9
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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 km² 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

Falcon 1, Falcon 1e, Pegasus XL,
Pegasus XL with HAPS, Taurus 2110, Taurus 2210, 
Taurus 3110, Taurus 3210, Minotaur I, Minotaur IV, 

Athena I, Athena II 

Orbit Altitude (km) 200, 300, 400, 600, 1000, 1500, 2000

Orbit Inclination (deg.) 0, 10, 20, 30, 40, 50, 60, 70, 80, 90
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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 km² Geometry

Image Nadir Ground Sample Distance km Geometry

Mean Worst-Case Daily Data Latency hours AGI Satellite Tool Kit

Mean Daily Coverage Time hours AGI Satellite Tool Kit

Orbit Lifetime years
Space Mission 

Analysis and Design
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Design Definition Design Attributes

Design
No.

Orbit
Alt.
(km)

Orbit
Inclin.
(deg.)

Launch
Vehicle

Launch
Margin

(percent)

Launch
Cost

($FY09M)

Launch
Reliability
(percent)

Image
FOV
Area
(km²)

Image
Nadir
GSD
(m)

Mean
Worst-Case
Daily Data
Latency

(hrs)

Mean
Daily

Coverage
Time
(hrs)

Orbit
Lifetime

(yrs)

1 400 30 Pegasus XL 0.1 22.4 93.6 38.3 1.0 14.8 0.62 0.5

2 400 30 Minotaur I 31.9 22.4 97.9 38.3 1.0 14.8 0.62 0.5

3 400 30 Athena I 86.4 42.4 95.2 38.3 1.0 14.8 0.62 0.5

4 400 40 Minotaur I 27.4 22.4 97.9 38.3 1.0 14.1 1.00 0.5

5 400 40 Athena I 76.9 42.4 95.2 38.3 1.0 14.1 1.00 0.5

6 400 50 Minotaur I 22.8 22.4 97.9 38.3 1.0 12.8 1.18 0.5

7 400 50 Athena I 67.1 42.4 95.2 38.3 1.0 12.8 1.18 0.5

8 400 60 Minotaur I 18.0 22.4 97.9 38.3 1.0 11.7 1.10 0.5

9 400 60 Athena I 56.9 42.4 95.2 38.3 1.0 11.7 1.10 0.5

10 400 70 Falcon 1e 91.5 10.2 93.1 38.3 1.0 6.3 0.80 0.5
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C
overage T
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H
igh O

rbit Lifetim
e

High Launch Margin 1 1/3 3 5 1/6 1/3 1/2 3

Low Launch Cost 3 1 5 7 1/4 1/3 1/2 5

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

High Image FOV Area 1/5 1/7 1/3 1 1/9 1/8 1/7 1/7

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

Low Mean Worst-Case Daily Data Latency 3 3 5 8 1/4 1 2 5

High Mean Daily Coverage Time 2 2 4 7 1/5 1/2 1 3

High Orbit Lifetime 1/3 1/5 5 7 1/7 1/5 1/3 1
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* T.L. Saaty, The Analytic Hierarchy 
Process, New York: McGraw-Hill, 1980. 
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±2±2

Actual AHP Scale, a 1/9 1/8 1/7 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 3 4 5 6 7 8 9



��


������
���������
��������

���$�0)����$����������
��������1�����������#2�
�����&����3������������

±2±2

Actual AHP Scale, a 1/9 1/8 1/7 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 3 4 5 6 7 8 9
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±2±2

Actual AHP Scale, a 1/9 1/8 1/7 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 3 4 5 6 7 8 9
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High Launch Margin 0 3 1.5 2 2 2.5 2.5 2.5

Low Launch Cost 0 1.5 2 2 3 3.5 4

High Launch Reliability 0 3 1 1.5 1.5 5.5

High Image FOV Area 0 0 0.5 0.5 1.5

Low Image Nadir GSD 0 2 2 1.5

Low Mean Worst-Case Daily Data Latency 0 0.5 0.5

High Mean Daily Coverage Time 0 1.5

High Orbit Lifetime 0
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H
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High Launch Margin 1 X1,2 X1,3 X1,4 X1,5 X1,6 X1,7 X1,8

Low Launch Cost 2-X1,2 1 X2,3 X2,4 X2,5 X2,6 X2,7 X2,8

High Launch Reliability 2-X1,3 2-X2,3 1 X3,4 X3,5 X3,6 X3,7 X3,8

High Image FOV Area 2-X1,4 2-X2,4 2-X3,4 1 X4,5 X4,6 X4,7 X4,8

Low Image Nadir GSD 2-X1,5 2-X2,5 2-X3,5 2-X4,5 1 X5,6 X5,7 X5,8

Low Mean Worst-Case Daily Data Latency 2-X1,6 2-X2,6 2-X3,6 2-X4,6 2-X5,6 1 X6,7 X6,8

High Mean Daily Coverage Time 2-X1,7 2-X2,7 2-X3,7 2-X4,7 2-X5,7 2-X6,7 1 X7,8

High Orbit Lifetime 2-X1,8 2-X2,8 2-X3,8 2-X4,8 2-X5,8 2-X6,8 2-X7,8 1
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P
riority V

ector

High Launch Margin 1 1/3 3 5 1/6 1/3 1/2 3 0.074

Low Launch Cost 3 1 5 7 1/4 1/3 1/2 5 0.126

High Launch Reliability 1/3 1/5 1 3 1/8 1/5 1/4 1/5 0.032

High Image FOV Area 1/5 1/7 1/3 1 1/9 1/8 1/7 1/7 0.018

Low Image Nadir GSD 6 4 8 9 1 4 5 7 0.380

Low Mean Worst-Case Daily Data Latency 3 3 5 8 1/4 1 2 5 0.183

High Mean Daily Coverage Time 2 2 4 7 1/5 1/2 1 3 0.122

High Orbit Lifetime 1/3 1/5 5 7 1/7 1/5 1/3 1 0.065

Design Definition
Scores according to

Baseline Prioritization 

Design
No.

Orbit
Alt.
(km)

Orbit
Inclin.
(deg.)

Launch
Vehicle

Closeness,
Ci

Rank

1 400 30 Pegasus XL 0.5546 27

2 400 30 Minotaur I 0.5603 23

3 400 30 Athena I 0.5574 25

4 400 40 Minotaur I 0.5694 18

5 400 40 Athena I 0.5657 21

6 400 50 Minotaur I 0.5783 12

7 400 50 Athena I 0.5739 16

8 400 60 Minotaur I 0.5817 11

9 400 60 Athena I 0.5765 14

10 400 70 Falcon 1e 0.6166 3

11 400 70 Minotaur I 0.5979 7

12 400 70 Athena I 0.5918 10

13 400 80 Falcon 1e 0.6183 2

14 400 80 Minotaur I 0.6000 6
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TOPSIS Score 

1 2 3

Falcon 1e – 400 km, 70°

Falcon 1e – 400 km, 80°
Falcon 1e – 400 km, 90°
Taurus 2210 – 400 km, 90°
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0.05%

1 2 3

0.6194

0.6166

0.6183

0.6134

Deterministic 
TOPSIS Score
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Falcon 1e  -  600 km, 80o
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Athena I  -  400 km, 80o

Athena I  -  400 km, 90o

Minotaur I  -  400 km, 90o

Minotaur I  -  400 km, 80o

Minotaur I  -  400 km, 70o

Falcon 1e  -  400 km, 70o

Falcon 1e  -  400 km, 80o

Falcon 1e  -  400 km, 90o

Taurus 2210  -  400 km, 90o
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Design 6:  Minotaur I  -  400 km, 50o

Design 8:  Minotaur I  -  400 km, 60o

Design 10:  Falcon 1e  -  400 km, 70o

Design 11:  Minotaur I  -  400 km, 70o

Design 12:  Athena I  -  400 km, 70o

Design 13:  Falcon 1e  -  400 km, 80o

Design 14:  Minotaur I  -  400 km, 80o

Design 15:  Athena I  -  400 km, 80o

Design 16:  Falcon 1e  -  400 km, 90o

Design 17:  Taurus 2210  -  400 km, 90o

Design 18:  Minotaur I  -  400 km, 90o

Design 19:  Athena I  -  400 km, 90o

Design 30:  Falcon 1e  -  600 km, 70o

Design 34:  Falcon 1e  -  600 km, 80o

Design 37:  Falcon 1e  -  600 km, 90o

“Probability 
Reversal”
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