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Conjunction Assessment é
CSM: real satellite protection

space debris
in GEO & LEO

Since 2009 JSpOC sends conjunction messages to all
satellite owners/operators (O/O)

Ccnes
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Conjunction Assessment
CSM: real satellite protection

Primary Object
NORAD_CAT_ID 36508 35262
OBJECT_ID 2010-0288 1991-050R
Time of Last Accepted Obsevation Less Than (<) 24 Hours Less Than (<) 24 Hours
Recommended Length of Update Interval for Differential Correction 348 898
Actual Observation Span Used For Differential Correction 348 8.98
Percentage of Residuals Used From the Actual Differential Comrection 99 97.9
Span
Number of Observations Used in the Differential Correction Span 768 458
Number of Observations Available in the Differential Correction Span 764 457
Apogee (km) 854 885
Perigee (km) 814 794
Inclination (degrees) 986 81.2
RCS (Radar Cross Section) (m) Large (= 1m sq) Small (<0.1m se)
Weighted Root Mean Squared From the latest Differential Correction 1.084 0.881
Ballistic Cosfficient (mike) 0.028101 0.016304
Energy Dissipation Rae (watts/kg) 4.11058¢-05 211378605
Solar Radiation Coefficient 0.010472 0.001993
Oeopotential Modsl CUSTOM 36Z,36T CUSTOM 36Z,36T
Drag Model JACCHIATODCA JACCHIATODCA
Lunar Solar Perturbation oN ]
Solar Radiation Pressure Perturbation ON ON
Solid Earth Tides Perturbation OFF ON

S TTaCR THTOS PenUrEuen i i
EFG (Earth Fixed Greenwich) Position (m) 208314.66511108763.079 | -7122359.589 208104789 1109500.02 | -7122213.307
EFG Velocity (is) 6676.20537 |-3407.974389 | -336.137264 -6704.183794 | 3004.417938 1 308.611231
Primary Object Covariance o v Wi et | st | witsa B v v w [ [ v
ANIOER. 244 5420 4002 0 0 |0 8239 04304 -8318 0 0 0
(8, mis, mifs)

-5420 3813 | 0266 0 0 o
4002 | -0.266 | 3957 O 0 0

04304 2779 2115 0 0 0
-8318  -215 | 107 0 0 0

Atmaspheric Drag Effects
anTo[.8)

kg, mPkg-s, mYkg?)

Solar Radlation Pressure Effects
[CAVRISICAS)

(g, g, ity

0 0 [} 0 0 o
0 0 [} 0 0 o
o 0 o 0 0 o

TA T2 |73 |74 |75 |76 (77 |78

0 0 o [} o 0
0 0 o [} 0 0
0 0 o o 0 0

(T2 |73 |74 (15 18 |77 |78
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CONIUNCTION SUMMARY MESSAGE

caesar

Classification UNCLAS
Subject CA
Message Type REAL
Creation Date (UTC) 2013-04-28 20:
From 48pOC,
g
Time of Closest Approach (UTC) 2013-04-30 23:50.00
Relatve Speed (m/s) 14851
Relative Position (m, u|v]w) -188.4|71|2635

Relative Velocity (mis, du | dv] dw)
J8pOC Unique 1D

Notes.

-36.7|-148458 | 418
101311881699

NULL

é cnes



Conjunction Assessment é
CSM: real satellite protection

CSM are:
the best thing ever done to protect satellites against collision risk

But CSM:
are not a direct recommendation  to perform an avoidance maneuver
does not take into account the operational constraints of the satellite

Satellite Owner/Operator has to:
evaluate the risk level according to its own criteria

decide to perform or not an avoidance action , ie detect High Interest Event
(HIE) among all CSMs

compute the avoidance action  taking into account the operational
constraints

Conjunction assessment is not so easy...

Ccnes
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Conjunction Assessment é
Not so easy...

Conjunction assessment is not so easy:
It must consider all available CSMs
The operator must be ready 24/7 to perform this analysis (short notice)
CSM consistency must be checked:
Each CSM must be double checked

The JSpOC primary OD must be compared with the operator OD
The differences (if any) between CSMs must be explained

A « realistic » dispersion increase or decrease (on primary and/or
secondary) may lead to a high increase of the Probability of Collision
(PoC):

« realistic » depends on the OD characteristics and feedback from past
experience

A low PoC conjunction may hide a very dangerous one

Only few CSMs lead to an avoidance action (around 5% with standard
criteria*), but those messages (HIE) must not be missed

*CNES statistics (from 06/21/2010 to 03/31/2013): 476 conjunctions (1056 CSMs) 24 HIEs */

»
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Conjunction Assessment
A 2 steps process

»

Conjunction Assessment is a 2 steps process
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Conjunction Assessment
A 2 steps process
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This schema becomes...
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Conjunction Assessment
A 2 steps process
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Conjunction Assessment é
A 2 steps process

In this organization,

The Satellite Owner/Operator:

Is only activated by Middle Man when an avoidance action is necessary
(according to its own criteria)

The Middle Man (MM):
Analyzes all available CSMs

Detects the High Interest Events (HIE), ie conjunctions for which the
probability of collision can reach a threshold (criteria defined by O/O) with
realistic hypothesis on position uncertainties

For each HIE:
Sends a collision alert to the O/O
Provides O/O with relevant elements for the avoidance action decision
Supports the O/O to size the possible avoidance maneuver

»
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Conjunction Assessment é
A 2 steps process

The collaborative work environment (between O/O and MM) must:

Allow a real time connection (phone, e-mail):
The alert should be in a closed loop one (acknowledgement of receipt)
interactive dialog is necessary for the MM support

Ensure to share the same vision of the situation:
Same tool
Secure exchange data means

Enable several levels of information visualization

CAESAR is the French “Middle Man” probative public service

CAESAR stands for Conjunction Analysis and Evaluation Service: Alerts and Recommendations

o

-
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CAESAR, the French “Middle Man”
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CAESAR, the French “Middle Man” é
Service content

CAESAR is delivered by CNES for GNOSE (entity combining French Defense
and CNES operational capacities)

The operational interface is defined between CNES/OCC and the O/O
before starting service delivery:

Satellite constraints
Probability of Collision thresholds
Satellite Ephemeris format

CAESAR is mainly based on CNES capabilities; the use of other means
(French Defense means, German TIRA radar) is not guaranteed

O/O remains responsible for the decision to perform or not an avoidance
action

»
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CAESAR, the French “Middle Man” é
Why to subscribe ?

Subscriber does not have to develop the required specific skill (expertise,
software)

Subscriber does not have to maintain an operational team with the
capacity to handle CSM 24/7

Subscriber dos not have to adapt to evolutions of CSM provider(s)
Subscriber gets access to an expertise sustained by the scaling factor

Subscriber and its assurance company can take advantage of collision

risk management performed by a recognized entity

On their own, insurers cannot respond to the challenge space debris poses to their insured operators. The
more logical and pragmatic approach is for insurers to work with insureds in promoting mitigation efforts.

Source: 2011 Swiss Re, Space Debris: on collision course for insurers ?

Subscriber still chooses his residual risk level and keeps direct connection
to JSpOC

Subscriber gets access to JAC software Expert version

Ccnes
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JAC A

ava for Assessment of Conjunctions

JAC contributes to the collaborative work environment for CAESAR

JAC addresses the needs of teams responsible for managing in-orbit
collision risks for one or more satellites

JAC helps to retrieve and analyze close approach alerts by providing a
synthetic vision of each close approach described by CSMs. It helps the
user to evaluate the risk level according to its own criteria and to make
and validate a decision

JAC is a modular software: two usage levels are defined: basic modules
and expert modules

»
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JAC y...\

Main functions: basic and expert modules

Ccnes
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JAC
JAC Basic screenshots

@ CM editor: "PROV_B. 16611 £
> cnes @.@\ ::
TCA: 2011-11-02 10:08:41.1221 Notice: 20.57 h
RIC frame (m): 61.0, -5.0, -21.1. (Vr= 14422.0 m/s, O= 154.6 deg) deg) F.[
Conment
Name SAT_1 = Name DEB_5746 =
LD. 1962-N1 Maneuverable: NA ¥ LD. 1962-5746 Maneuverable: N/A ¥ —
Cat, N1 in SATCAT ¥ Cat. 5746 in SATCAT ¥ _:
Size Large R= 15.00 m Size Small R= m 8:40.9348._ between SAT_1 and THOR_ABLESTAR_DEB
Eph. Eph. eo TUAD _ADICETAD DCD (E740) N |
| HERABLEEARSEEEEHSE = ]
ef | |[Apogee/rerigee. 929 1 852 KIn, INClL. 0o deqg CWiahe [ ¥V
Radial ITrack CrossT Radial ITrack CrossT Radius: 0. 300/m (Small) ahi e
10.0/m 0 0 21.8m -0.167 0.337 e~ NS Lot |
lUU_m 0 4Z1m -0.197
QE v 10.0 ) v 43.0 .
SEQ  caccuaten il WES  cacuiaten . 10 m/s, = 154.6 deg L. ¥ Primary (m) L. ¥ Secondary (m) UPDATE
fial ITrack CrossT | A Radial A ITrack ACrossT | A Radial A ITrack A CroSsT
Date 02/11/2011 10.08.141.1221. Date 0271172011 10:08:41.1221 20 1011 4354 76 374 7.0 19.7 150.1 39.6
Frame [Forth’ o) U0 S Frame [Earth || QD fers| 10 50 214 100 Aooo 100 218 4208/ 430
X 6801257.692/m X 6801315.099|m ) :
v 411290, 195/m v a11314.812/m 9.3 -144 .66.6 84 54.5 74 194 5941 40.8
Z | -25774592.354/m \\ @, Z | -2577509.289|m %IE‘B 8.0 -68.2 -288.8 9.0 729 8.6 17.9 879.3 38.8
v | -2639.006642mss X 2484. 34379%4m/s
vY -339.929745m/s VY 2531.27872% mis
vz | -6918.232311jmJs W vz | 6253.714381m/s L
@B "SAT_1:02/10:08": Secondary =10l x| i < st 1 : 02/10:08"; Primary dispersions visu

Lcnes Secondary : THOR_ABLESTAR_DEB l.|_=]
TR
7\\ 15]im
e, ‘ [
— ; \.\'T'.'.% I}J.“i ; + s
A8 m 3348 m % 2PYm  130m S0m

Primary local frame:

Ccnes
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Combine dispersions

G visualization of Conjunction "SAT_L : 02/10:08"

Anim. j_| Duration :U TCA - 0.0346 g




5. "SAT_3 : 05/02:44": AV analysis window
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JAC
JAC Expert screenshots

CM#2 (SAT_3:0502:44)

AV analysis ...
UPDATE |
T ' Each orbit during +|-|2ﬂ orbits, upto + -I_U[ .5 orbits before TCA

Aa(m) | +/-[_20.00]+|| with a step of [_2-00]+| |

Mouse ] 1.9e-10 with Aa = 28.00 at 04/17:28 (5.50 orbits hefore TCA)
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. h, — .
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JAC distribution

JAC is in Java, therefore, JAC is naturally available on various platforms (Window, Solaris,
Linux, MacOs,...) and is available on the CNES dedicated website https://spod.cnes.fr

JAC is distributed by CNES after signature of a license:
Free license for JAC Basic modules
Included in CAESAR for JAC Expert modules

lac@cnes.fr

CAESAR: An Initiative of Public Service for Collision Risks Mitigation



Summary

US CSM are the best available data to mitigate collision risks and
therefore protect space environment

CAESAR probative public service:
is the French “Middle Man” Service

requires a collaborative work environment
SpOD (secure website to exchange data and distribute JAC)
JAC (tools dedicated to work with Conjunction Messages such as CSM)

JAC

nelps to work with CSM: visualization of the geometry and analysis of
conjunctions described by single or multiple CSMs

JAC Basic distributed by CNES for free after signature of a license as a
contribution to space environment protection

JAC Expert distributed by CNES with CAESAR
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Questions ?

jac@cnes.fr https://spod.ches.fr
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