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3 inches: must move out of the way
ISS needs 30 hrs to plan and execute
Normally need 72 hours advanced notice
Get about 6 to 8 hrs
ISS March 2012 incident: not enough time

Cost Benefit Analysis:
Expected value; Cost of using precious fuel vs $10 million to $billions or
much more (e.g., life) cost of losing satellite
NASA
Prob. | in 100,000; maneuver conducted if not significant impact to
mission
| in 10,000 if not added risk to crew
Normal: | in 10,000
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AsseSsing Air: Force ,Spéce Command's
Astrodynamics _Standards ~ ;

NATIONAL RESEARCH COUNCIL

Commercial, government
US: Air Force Space Command
History:

1957; needed practical way to
prevent false missile warnings as
satellites move through warning
systems
Navy: alert fleets about possible
satellite surveillance.
Record:

Not satisfactory
Space debris falling to earth
False alarms-this is expensive
not enough time
Don’t know why bad record and

broblem is getting more severe
Sept. 2012 NRC report

Can get from NRC

or for pdf version
send me an email; dsaari@uci.edu

Thursday, October 4, 2012


mailto:dsaari@uci.edu
mailto:dsaari@uci.edu

Report

Thursday, October 4, 2012



Report

Some of what is in the report

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc

EXCEPT
none from dynamical systems

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems
“Dynamical Systems” is 1960 vintage

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems

“Dynamical Systems” is 1960 vintage
Chaos!?

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems
“Dynamical Systems” is 1960 vintage
Chaos!?
Fast??

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems
“Dynamical Systems” is 1960 vintage
Chaos!?
Fast??
Dynamical systems!?

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems
“Dynamical Systems” is 1960 vintage
Chaos!?
Fast??
Dynamical systems!?
No expertise; not even awareness

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems
“Dynamical Systems” is 1960 vintage
Chaos!?
Fast??
Dynamical systems!?
No expertise; not even awareness
We need to do a better job!

Thursday, October 4, 2012



Report

Some of what is in the report
(based on testimony from many experts over three meetings),
and some of what is not in the report

Issue, of course, is of dynamical systems
Highly qualified experts:
Physics (but not all from atmospheric physics is used)
Computer science
engineering
Etc.
EXCEPT
none from dynamical systems
“Dynamical Systems” is 1960 vintage
Chaos!?
Fast??
Dynamical systems!?
No expertise; not even awareness
We need to do a better job!
Expect this is true in many other astrodynamics settings
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Example:
nearly all experts marveled about futures of nearby orbits
e.g., we are examining chaotic systems
This explains findings such as:

“The current algorithms are not positioned to be effectively responsive to
future challenges in space situational awareness. Monitoring the growing
population of objects in Earth orbit will require improved algorithms
including fundamentals such as force model evaluation and statistical orbit
determination, and critical tasks such as conjunction analysis and sensor
resource management.” -

2
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Likelihood of “close approach;” Problem: Knowledge of position

e.g., likelihood of collision and velocity of object is uncertain

recall, prob = 1/10,000 is “red Assume Gaussian distribution of
alert” location (12 dim.)

Initial assumption Emphasis is on different filters,
. but main concern is that the real
Other assumptions: dynamic is replaced with simpler
Above remains Gaussian through time linear dynamic
Source of probability estimates; Losing non-linear effects
answers depend on covariance Conjunction, sensitivity, etc is

based on covariance
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UKF

Prediction

Easy to see why false alarms
why predictions are off

Good people, but they need help from dynamical systems!!
Current project with people in astrophysics

Examine prediction approaches (72 hours)
Goal of simplicity with better accuracy

but,
many other issues: Strongly encourage more to examine these concerns!!

Thank you!!
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