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Motivation

* Recent events emphasize need for improved SSA
for conjunction analysis
— Chinese ASAT test (2007 Jan 11)
— USA 193 intercept (2008 Feb 21)
— ISS maneuver to avoid Cosmos 2421 debris (2008 Aug)

o Geostationary orbit (GEO) is a limited resource
— More satellites = more conjunctions

— Implications of a collision are significant
» Potential loss of colliding satellites and associated revenues
* Increase in debris, putting other satellites at risk
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Background

e Conjunction analysis needs full-catalog orbital data

— TLEs are currently the only such source
e Low accuracy results in high false-alarm rate

e More accurate orbital data could
— Reduce false alarms
— Improve use of limited tracking resources
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Background

e Current system limited to non-cooperative tracking
— SSN uses combination of radar and optical resources

« Operational satellites most difficult to track due to
Mmaneuvers
— Maneuvers typically not known ahead of time

— Delay in detecting maneuvers can result in poor
accuracy or even ‘lost’ satellites

— Requires more SSN resources to maintain orbits
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Proposed Solution

o Satellite operators already maintain orbits
— Active ranging, GPS can be very accurate

 Develop Data Center to collect operator data
— Use operator data to improve conjunction analysis
— Provide analysis/data to all contributors

e Current Data Center participation

— Intelsat, Inmarsat, EchoStar, SES (Astra, New Skies,
Americom), NOAA, Star One, Telesat

— 117 satellites—32% of all active GEO satellites
« 24 satellites pending
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Analysis of Orbital Data Sources

 Many sources of operator orbital data

— Direct from satellite operator (Data Center)

— Public sources

 GPS (almanacs, precise ephemerides)

» GLONASS (precise ephemerides)
 Intelsat (11-parameter data, ephemerides)
« NOAA, EUMETSAT (state vectors)

e Challenges
— User-defined data formats
— Variety of coordinate frames & time systems used
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Supplemental TLES

* Use public orbital data
— GPS almanacs
— GLONASS precise ephemerides
— Intelsat 11-parameter data

e Import data into STK to generate ephemerides

e (Generate TLE from ephemerides
— http://celestrak.com/NORAD/elements/supplemental/

— Allows users to see benefit
» Test cases with supporting data

— Overcomes limitations in most orbital software
» Most applications can handle TLEsS/SGP4
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GPS Supplemental TLES

Comparison of NORAD and Supplemental TLEs
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GLONASS Supplemental TLES

Comparison of NORAD and Supplemental TLEs
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Intelsat Comparison
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Owner ephemerides
Public orbital data

Supplemental TLESs
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Application: SOCRATES-GEO

 New system on CelesTrak
— Looks for all objects which pass within 250 km of GEO
— Uses improved data sources, when available
— Generates standard reports, including orbital data
— Allows user-defined naotification criteria
— Automatically sends notification
— Web access via secure system
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Data sources

Owner ephemeris

Data preparation

Public orbital data

Convert to standard format

A 4

TLE data

v
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Generate ephemerides
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» Produce enhanced TLEs —
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Select GEO data

T SOCRATES Generator GE0  [= |[B)fX]

Configuratior

a0 Computation Threshold (km)

7 Forecast Interval [dags]

Primaries

|GED-paonads.tce

Secondaries
|GED-ALtce

RelationFile
|sthIeIatedD bigcts? rel

SSCFile
|stkFradisFile. rad

B T

[~ Create Lag File [~ Generate VDFs

Filters
v 30 OutOf Date [days)

i 100 Apoges-Perigee [km]

W 100 Orbit Path (km] Matifications
i 100 Time [km)
[v Compute Unique Pairs

Covariances
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‘& SOCRATES-GEQ Reports Updated - Thunderbird

Fle Edit Vew Go Message Took Help

./ N B B & H X b
Get Mail Wirite  Address Book Reply  Reply Al Forward Tag Delet= Junk
= Subject: SOCRATES-GEO Reports Updated
T.5. Kelso
Reply-To: T5.Kelso@celestrak.com
Date: 15:41 e
To: Joe Chan, Biorn Buckwalter B =
Ce: .S Kelso

LW o

Previous  Next File

From:

= |l https: eslestrak.com/SOCRATES-GEG fsearchSOCRATESGEO. plrIDENT =cATMR. v | &4 || 49 || |

CelesTrak: Search of SOCRATES-GEO | ‘ h-8

The latest SOCRATES-GEC analysis is complete at 2008 Sep 05 21:41:06 UIC and results are now available at

https://celestrak.com/SQCRATES-GEQ. =
SOCRATES-GEO
Min range threshold viclation for GALAXY 11 (G-11) and GALAXY 26 (G-26): Search Results
Min range at TCA (2008 Sep 10 23:11:44.702) = 4.135 km

nttps://celestrak.com/SOCRATES-GEO/ searchSOCRATESGED. pl ?IDENT=CATNRECATNR TEXT1=26038&CATNR TEXT2=25626&
Min range threshold wviclation for INTELSAT 708 (IS-708):
Min range at TCA (2008 Sep 07 18:51:57.183) = 4.564 km Search parameters:

and INTELSAT 11 (IS5-11):

Min range threshold violation for INTELSAT 3R (IS-3R) s NORAD Catalog Number(s): 23764 and 32253
Min range at TCA (2008 Sep 11 17:39:42.891) = 5.144 km « Order by Minimum Range
httpa://celestrak.com/SOCRATES-GEQ/searchSOCRATESGEQ.pl 2IDENT=CATNRECATNR TEXT1=23764sCATNR TEXT2=32253& « Return first 25 items
Min range at TCA (2008 Sep 10 21:47:17.453) = £.001 km

httpa://celestrak.con/SOCRATES-GEQ/ searchSOCRATESGEQ. pl ?IDENT=CATNRECATNR TEXT1=210165CATNR TEXT2=25666&
Min range threshold wiclation for GALAXY 15 (G-15):

Data current as of 2008 Sep 05 12:00 UTC

Min range at TCA (2008 Sep 05 :56:19.090) = £.406 km
nttps://celestrak.con/SOCRATES-GEO/ searchSOCRATESGEOD. pl?IDENT=CATNRSCATNR TEXT1=288845CATNR TEXT2=19913& Computation Interval: Start = 2008 Sep 05 12:00:00.000, Stop = 2008 Sep 12 12:00:00.000
Min range threshold viclation for GALAXY 23 (G-23): Computation Threshold: 50.0 km

Considering: 744 Primaries, 1,287 Secondaries (896 Conjunctions]

See notes at bottom of page for data field descriptions
Neighborhood Watch | CCSDS_OEM VERS = 1.0 =
https://celestz) CREATION DATZ = 2008-09-05T21:27:34 Bookmark this search (23764 and 32253)
https://celestz) ORIGINATOR = CelesTrak
https://celestr
nttps://celestr) COMMENT Orbit data are consistent with planetary ephemeris DE-405 =
https://celestr | Max Dilution
META START I = Threshold Range :
Dr. T.S. Relso OBJECT_NAME 23764 . NOR‘IAD LEE | Al (km) (km) Rellatl_ve
CelesTrak, http://cl OBJECT_ID 1896-0022 | s Cata:eg LB 'S'"c‘; - | xeocny |
E-Mail: TS CENTER_NAME Earth LAnE A Start TCA Stop onySecl)
REF_FRAME = EME2000 (UTC) (UTC) (UTC)
TIME_SYSTEM = uTC - £
START_TIME = 2008-09-04T00:00:00.000 23764 | INTELSAT 3R (IS-3R) | 7.736 7.693E-06 3.637 | 5.144
USERBLE_START TIME = 2008-09-04T0 i AT
USERBLE_STOE_TIME = 2008-09-18T00: _ | 2008 Sep 08 = 2008 Sep 11 | 2008 Sep 12 :
STOP_TIME - 2008-09-18T00:00:00.000 32253 | INTELSAT 11 (IS-11) | 7.736 | 45.05.13 020 | 17:39:42.891 | 12:00:00.000
INTERPOLATION Lagrange
[LHEER EOL A TIONSDECREE RS | | 23764 | INTELSAT 3R (IS-3R) | 3.668 1.307E-07 27.916 | 20.479
META_STOP | E — — — = e
i | 2008 Sep 07 2008 Sep 07 2008 Sep 07 | 3
2008-09-04T00:00:00.000 21327.436410 -36380.217366 0.369974 2.652359001 MIIEES NISUT (IS L) | 3-668 | 0g.50:19.371 | 16:01:34.742 | 22:54:12.067 |
2008-09-04T00:15:00.000 23666.954331 -34904.082624 -2.098913 2.5447050
Q| htips:/fcelestrak.com/soc] 2008-09-04T00:30:00.000 25904.621162 -33277.731813 -4.558828 2.4261040( | 23764 | INTELSAT 3R (IS-3R} | 2.569  8.408E-08 34750 | 40.218
2008-09-04T00:45:00.000 28030.810689 -31508.168616 -6.999072 2.2970670 | - - ! !
2008-09-04T01:00:00.000 30036.376729 -29603.012237 -9.409037 2.1581480 | | Analysis | [ 3 | 2008 Sep 06 = 2008 Sep 06 | 2008 Sep 06 | g.00-
2008-09-04T01: 31812.692358 -27570.464613 -11.778249 2.009947( | 32253 INTELSAT 11 (IS-11) | 2.569 | [i.ocliia43  13:40:03.281 | 20:27-19.876
2008-09-04T01: 33651.686912 -25419.275163 -14.096411 1.853100¢ b L
2008-09-04T01: 35245.880623 03097 -16.353450 1.688283(
& ) § i | 3 records found
Done o Trusted sites H 100% v
Data Fields:
s Action: The Analysis button links to a page which provides a capability to build an
interactive 3-D STK/CAT {Conjunction Analysis Tools) scenario detailing the conjunction.
s NORAD Catalog Number: NORAD Catalog Numbers of the two conjuncting objects. w
o Trusted sites ® 100% T
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EO Reports Updated

Fle Edit Vew Go Message Took Help

= Z 2 2
& 9 B B 3 X i > . ) L A @
Get Mail Wirite  Address Book Reply  Reply Al Forward Tag Delet= Junk Print B3 Previous  Next File
= Subject: SOCRATES-GEO Reports Updated i

From: T.5. Kelso

Reply-To: T5.Kelso@celestrak.com
Date: 15:41
To: Joe Chan, Biorn Buckwalter
Ce: .S Kelso

The latest SOCRATES-GEC analysis is complete at 2008 Sep 05 21:41:06 UIC and results are now available at
https://celestrak.com/SQCRATES-GEQ.

Min range threshold viclation for GALAXY 11 (G-11) and GALAXY 26 (G-26):

Min range at TCA (2008 Sep 10 23:11:44.702) = 4.135 km

https://celestrak.comn/SOCRATES-GEQ/ searchSOCRATESGEQ. pl PIDENT=CATNRECATNR TEXT1=26038&CATNR TEXT2=25626&0RDER=MINRANGE 8HAX=25
Min range threshold wviclation for INTELSAT 708 (IS-708):

Min range at TCA (2008 Sep 07 18:51:57.183) = 4.564 km

https://celestrak.comn/SOCRATES-GEQ/ searchSOCRATESGEQ.pl PIDENT=CATNRECATNR TEXT1=11440&CATNR TEXT2=23915&0RDER=MINRANGE&HAX=25
Min range threshold violation for INTELSAT 3R (I5-3R) and INTELSAT 11 (I5-11):

Min range at TCA (2008 Sep 11 17:39:42.891) = 5.144 km

httpa://celestrak.com/SOCRATES-GEQ/searchSOCRATESGEQ.pl ?IDENT=CATNRECATNR TEXT1=23764&CATNR TEXT2=32253&0RDER=MINRANGE&HAX=25
Min range threshold wiclation for INSAT-2E (APR-1):

Min range at TCA (2008 Sep 10 21:47:17.453) = £.001 km

httpa://celestrak.com/SOCRATES-GEQ/searchSOCRATESGEQ. pl ?IDENT=CATNRECATNR TEXT1=21016&CATNR TEXT2=25666&0RDER=MINRANGEsHAX=25
Min range threshold wiclation for GALAXY 15 (G-15):

Min range at TCA (2008 Sep 05 :56:19.090) = £.406 km

https://celestrak.con/SOCRATES-GEO/searchSOCRATESGEOC. pl ?IDENT=CATNRECATNR TEXT1=28884&CATNR TEXT2=13913&0RDER-MINRANGE&HAX=25
Min range threshold violation for GALRXY 23 (G-23):

Min range at TCA (2008 Sep 11 0B:01:35.86B8) = 9.662 km

https://celestrak.con/SOCRATES-GEO/searchSOCRATESGEOQ. pl 2IDENT=CATNRECATNR TEXT1=08366&CATNR TEXT2=27854&0RDER-MINRANGEsHAX=25

Neighborhood Watch Results
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Summary & Conclusions

o Collaborative effort addresses current limitations
— Improves orbital accuracy
— Reduces search volumes
— Reduces false-alarm rate
— Supplements full-catalog orbital data source

 Reduces SSA tracking requirements
— Trust but verify
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