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Conclusions from [Flegel, 2017 - International Astronautical Congress 2017]

GEO Encounters

= Majority of GEO Close Encounters with GEO Libration (~61 %) and GEO Drift (~36 %) Objects
" Av,.,,~3km/s & Av,.<1m/s

Collision Likelihood Metrics
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Conclusions from [Flegel, 2017 - International Astronautical Congress 2017]

GEO Encounters

= Majority of GEO Close Encounters with GEO Libration (~61 %) and GEO Drift (~36 %) Objects
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Collision Likelihood Metrics
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Fundamentals

time Estimated
g State + Error

Have:

Sensors + Propagators ﬂ ° \
O ° —————————

Observations

State + error predictions use

Current best applicable propagator
State + Error

Predict

State + Error
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Conjunction Data Messages

CC5D5_CDM_VERS
COMMENT
CREATION_DATE
ORIGINATOR
MES5AGE_FOR
MESSAGE_ID

TCA

MIS5_DISTANCE
RELATIVE_SPEED
RELATIVE_POSITION_R
RELATIVE_POSITION_T
RELATIVE_POSITION_MN
RELATIVE_VELOCITY_R
RELATIVE_VELOCITY_T
RELATIVE_VELOCITY_M

OBIECT
OBJECT_DESIGNATOR
CATALOG_NAME

COMMENT MEETS EMERGENCY CRITERIA

COLLISION_PROBABILITY
COLLISION_PROBABILITY_METHOD

=1.0

=CDM_ID:1579154

=2016-02-247103:16:29

=15P0OC

=LEQ SAT 1
=00099_conj_99998_2016056082403_05503

=2016-02-25T08:24:03.742

=254 [m]
=4088 [m/s]
=128.7 [m]
=-211.6 [m]
=59.9 [m]
=8.3 [m/s]
=-1120.5 [m/s]
=-3032 [m/s]

=4, 306701e-05
=FOSTER-1992
=0BJECTL
=0994949
=5ATCAT

General Situation Information

[...]

Object 1 position & Velocity

[...]

[...]
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OBS_AVAILABLE =246

OBS_USED =245

RESIDUALS_ACCEFTED =09, 8 [%]

WEIGHTED_RMS =1.109

COMMENT Apogee Altitude = B07 [km]

COMMENT Perigee Altitude = 804 [km]

COMMENT Inclination = 98.5 [deq]

AREA_PC =0. 3084 [m*=#2]

CD_AREA_OVER_MASS =0.026403 [m# =2 /kg]

CR_AREA_OVER_MASS =0.01192 [m**2/kqg]

THRUST_ACCELERATION =0 :mff.*’”"z?
=L e O R e QLD L 2J

x =504.999523 [ kemi]

Y =1001. 3251516 [km]

z =7094. 906152 [ kemi]

X_DOT =7.446012163 [km/s

Y_DOT =-1.026940851 km,/s ]

Z_DOT =-0. 383622809 [km,/s]

CR_R =72.84517 [ 2]

CT_R =10.78702 [m#*2]

CT_T =1206.212 [m=*2]

CN_R =1.219566 [m##2]

CN_T =-5.165142 [m#*2 ]

CHN_N =19, 36692 (=2 ]

CRODOT_R =-0.008242773 [m**2/5]

CRDOT_T =-1.183242 [m=*2 /5]

CRDOT_N =0.00225296 [m**2 /5]

CRDOT_RDOT =0.001206133 [m**2/g##2]

ST T — N ATCA1AOcA Fend ™ Sl
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SERC Tool for close approach assessments

Analyze COM

COMMON DATA

CCSDS_CDM_VERS = 1.0
COMMENT = CDM_ID: 1579154
CREATION_DATE = 2016-02-24T03:16:29

ORIGINATOR = 15P0OC

Simple formatting already provides
e MESSAGE_FOR =LEQ SAT 1
bette r rea d a b I I Ity MESSAGE_ID = 99999 conj_99998_ 2016056082403_055034008986(

COMMENT MEETS EMERGENCY CRITERIA
TCA = 2016-02-25T08:24:03.742
MISS_DISTANCE = 254 [m]
RELATIVE_SPEED = 4088 [m/s]
RELATIVE_POSITION_R = 128.7 [m]
RELATIVE_POSITION_T = -211.5 [m]
RELATIVE_POSITION_N = 52.9 [m]
RELATIVE_VELOCITY_R = 8.3 [m/s]
RELATIVE_VELOCITY_T = -1120.5 [m/s]
RELATIVE_VELOCITY_N = -3932 [m/s]
COLLISION_PROBABILITY = 4.306701e-05

COLLISION_PROBABILITY_METHOD = FOSTER-1992

OBJECT 1 DATA

+
orcr_orsrenn SERC
OBJECT_DESIGNATOR = 99999

CATAI NS NAMF = SATICAT
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Visualisation

Orbits in ECI

High accuracy propagation
for states and errors at
Time of Closest Approach (TCA)

Lower fidelity propagation
for visualisation/assessment
around TCA

0.000619561

Rel. Velocity [km/s]:  0.802656

Analyze

Time from TCA [s]:  0.00
Range [km]:

[ Load COM ]

Orbit Frame

(EcI )

Camera Focus

(Earth )

Draw Elements

| Coordinates

| Orbits

| Error Volume
Error Axes

/| Satelite Marker
To Other

Satellite Properties
GEQ_EQUATORIAL

Diameter [rm]: 10,000 |=
GEO_INCLINED
Diameter [m]: 10,000 |5

Position Uncertainty
Confidence [%:]: 95,000 |5

Y
L

L= [’
l

+/- 3:50:0.0




Visualisation i

Time from TCA [s]:  0.00

Orbits in ECEF

Range [km]: 0.000619561
[ Lom CR¢ IR <l Velociy [km/s]:  0.802656
Orbits in geostationary [‘;’C"E‘; s |
better understood s
in Earth co-rotating frame (Earth )

Draw Elements

V| Coordinates

V| Orbits

V| Error Volume
Error Axes

V| Satellite Marker

V| To Other

Satellite Properties
GEO_EQUATORIAL

Diameter [m]: 10.000 =
GEO_INCLINED
Diameter [m]: 10.000 =

Position Uncertainty
Confidence [%]: 95.000 %

L B (O]

A

+/-0:10:0.0




Visualisation Anclyze WIGOM

Time from TCA [s]:  0.00

Position Uncertainties

Range [km]: 0.25483
Back-Bone of [ Load COM ] Rel. Velocty [km/s]:  4.08857
collision likelihood Orbit Frame '
. . (Ecr )
estimations Comera Focas
(LEosATZ2 )

Draw Elements

| Coordinates

| Orbits

| Error Volume
Error Axes

| Satellite Marker

| To Other

satellite Properties

LEOSAT1
Diameter [m]: 10,000 |5
LEQSATZ2
Diameter [m]: 10,000 |5

Position Uncertainty
Confidence [%]: 55.000 =

-,

| O

| +/-0:10:0.0 | :
g H\d L]




Analysing a Scenario Next Up ...

Visual support 0.3
— eg. R Collision
CHERTTE : kSligas
o
3 0.2
S
O
- - ©
i 5 0.1
Analysis Methods _cg
Random Particles De_ ~
S
Foste - L
o DRAFET Additional Data & Features: ~
Patera 0 g
— - = Collision likelihood 500 = -
Rancom Pa = Time of highest collision 400 Miss Distance %
Sample Size: 100000000 12 likelihood e .W' fh o
Monte-Carl L = = Particle method allows Z 300 - uncertainties |
an arios; . ()]
non-Gaussian state g
©
Foster errors g 200 -
. = Efficient testing for state
atera . - 100 - .
error Gaussianity . _1Em
= Recommendation of 0 C[ -------------------------------
| P> Run Analysis | applicable methods 15 -1 05 0 05 1 15
= Manual sensitivity analysis Tiffa ralative te TEA /&
= Compare different methods =



Summary & Outlook

g——

New SERC tool provides ...

Easy viewing of legacy Conjunction Data Messages
Visual of close approach
State uncertainty with confidence

Various visual cues and help functions (e.g. play / reset..)

New features coming soon ...

Collision likelihood assessment using different methods
More close approach meta-data
Graphs

Test for Gaussianity of Error around TCA

Gerc
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Analyze

Time from TCA [s]: N/A

Range [km]: N/A

Rel. veIOCIty [km/S]: N/A

Orbit Frame
Camera Focus

[Eart )

Draw Elements
Coordinates
Orbits

Error Volume
[] Error Axes

[+] satellite Marker

[~ To Other

Satellite Properties
N/A

Diameter [m]:

N/A

Diameter [m]:

Position Uncertainty

Confidence [%]:




Particle Method Fundamentals

Condition for Collision: 5 ————— ’ | | | | |
(r,= combined 4 Lk
hardbody radius)

0.8 i

0.6 i

0.4 -

Miss Distance r
p. = Collisions x Trials™

0.2 t -

1 TSN FAr

S ‘,'\:“\;/: >
I

0 . LAV A . 0 A . . .
-4 -2 0 2 4 -4 -2 0 2 4

Time relative to time of closest approach z,, Time relative to time of closest approach ¢,

= Both objects considered spheres
= Collision Probability determined from number of particle pairs with r <,
=  Results vary between samples

= Result only informative in combination with valuation of its variability
(Central Limit Theorem, Chernoff-Hoeffding bound / Dagum bound) e »
iae



GEO Encounters Characteristics

0 —g————————————— GEO Librati 4
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Encounter Velocities
= GEO Libration: generally <1 km/s; as low as <1 m/s

» GEO Drift: generally < 1 km/s

= GEO Transient & Inclined: generally > 1 km/s GTG\ +
ae




