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We operate the 14 satellites in JAXA Space Tracking and Communication Center, and we analyze their collision
risks based on conjunction data messages(CDM) which are provided from Combined Space Operations
Center(CSpOC).
JAXA Satellites each has different mission, we prepare Space Debris Avoidance Maneuver (DAM) process
manuals considering the limitations of each satellite, and perform DAM operations.

In this presentation, we report on methods of risk analysis, processes for DAM operations, practices of DAM
operation and problems. In addition, we report a proposal matter for DAM operation.
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1. Introduction: JAXA Flight Dynamics System

2. Conjunction assessment

3. Methods of risk analysis for JAXA satellites

4. Processes for Debris Avoidance Maneuver (DAM)
5. Practical examples of DAM operation

6. Summary
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1. Introduction: JAXA Flight Dynamics System j___”
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2. Conjunction assessment

* We operate 11 LEOs, 1 GEO and 2 HEOs in JAXA STCC*?,

and we analyze their collision risks based on CDMs from CSpOC.

*1:Space Tracking and Communication Center

* If high risk of collision exists, we alerts satellite project

with the CA information.
We prepare for and execute DAM.

* The right figure shows the numbers of
and DAMs in last year.

*3:Conjunction Data Messages
*4: Combined Space Operations Center

CSpOC*4

§€)

AM:3

DAM preparation : 7

Warning: 146

conjunctions

* We have never experienced a collision accident

with space debris in JAXA satellites.

CDMs

X The number of total conjunctions for 14 satellites

(2017.4.1~2018.3.31).
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2. Conjunction assessment " ’

¢ 21 DAMs were executed in JAXA satellites since 2014.

* From 2014 to 2016, we had assessed risks by the miss distance,
but changed to probability of collision since 2017.

*  We have three thresholds of conjunction assessment

using probability of collision and days to TCA*!.  *1:Time of Closest Approach

The number of Warning for JAXA Satellites (JFY 2014 ~ 2017)
Maneuverable Satellite

300
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Threshold : Miss distance Probability of Collision | 3
o
< ) | w
€ 100
2018 | =
JFY 2014 | 2015 | 2016 | 2017 3
(present) | 2 so
-
3
DAM 5
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preparation 20
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~e-accumulated number (JFY 2016) —+—accumulated number (JFY 2017)
5
. . .
3. Methods of risk analysis for JAXA satellites
SPACE ENGINEERING CEVELOPVENT CoJd
I
MONITOR : Warning notice
URGENT : Discussion with satellite project on DAM & Enhancing monitoring
CRITICAL : Enhancement against satellite project of a risk management system
*1: Each satellite project determines "N days" in consideration of necessary time in preparation for DAM.
*2: The urgency is defined in time from the CDM generation time to TCA.
- Share of the conjunction assessment
- GO/NOGO decision to execute DAM
Collision Risk (Probability) . )
N Final Meeting (DAM Go/NoGo)
Levell (MONITOR) Level2 (URGENT) | Level3 (CRITICAL)
i It corresponds only when we cannot
i perform the risk mitigation operation.
threshold C .
@ In the case of "N=2"and over threshold B
threshold B
@ In the case of "N>2" and over threshold A
threshold A T
- { » Urgency 2 (Time direction)
Morning5 days ago 4 4 Firstpath
from TCA 1st Meeting (Discussion on DAM TCA after TCA
Morning N days”‘1 ago (Time of Closest Approach)
from TCA
- Share of the conjunction assessment
- Judgment to prepare for DAM operation
- Discuss the DAM plan
- Coordinate the DAM timeline
etc.... 6
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3. Methods of risk analysis for JAXA satellites " ’

B Timeline of DAM operations
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3. Methods of risk analysis for JAXA satellites " ’

CDM Analysis Tool

- Days to

<Filtering>
- Probability of Collision(Pc)

TCA*?

*1:Time of Closest Approach

Error covariance of Debris

<Trend analysis>

- Miss distance

- Relative position
(Radial,

- Orbit error covariance

- Number of observation data

- Orbit Determination(OD) quality

- Close approach to same object
at other timing

- Close approach to other objects

In-Track, Cross-Track)

< Simulation (by STK) >
- Simulate AV & Calculate Pc
- Screening

Debris

Position of Debris at TCA
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Miss Distance

Satellite

Position of Satellite at TCA

Error covariance of Satellite

/ JAXA STCC -Risk Analyst- (SED)\

Probability of collision Contour Tool

Operate

PCT

Confirmation of Pc distribution corresponding
to AV time and AV magnitude

<Simulation>
- Calculating the approximate AV time and
AV magnitude of DAM

\_

- Conjunction Assessment(CA)
- Notice of the CA result

If the collision risk is high....

- Examination of Debris Avoidance
Maneuver (DAM) plan

- Proposal on DAM operations

JAXA Debris System

[ Automatic Processing ]

- Analysis of CDMs

- Creating the report of Risk
Assessment Result
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4. Processes for Debris Avoidance Maneuver (DAM)_EL‘_L

Debris Avoidance maneuvers in LEO

Radial separation

Tangential maneuver is performed at
the opposite side(= 180deg) before TCA

Magnitude order : 50 m Da

Maneuver "),

4. Processes for Debris Avoidance Maneuver (DAM)_EL‘__L

Debris Avoidance maneuvers in LEO

Along-track separation

Small o
A§
maneuver 2*

A small tangential maneuver is performed
a long time before TCA (many hours)

Magnitude order : 20 m Da

10
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5. Practical examples of DAM operation "’

B (Ex.1) Execute DAM in backup plan instead of nominal plan

Days To TCA | Before 11 Apr 2015 12 Apr 2015 13 Apr 2015 14Apr2015 . 15Apr20i5

st P TCA
Detection of the high risk 1% Meeting (06:06UTC)
collision approach for Debris1 v.s. Debris 1

O 15t Meeting (Discussion on DAM)

‘
«—
JAXA STCC JAXA SC
-Risk Analyst(SED)- Owner & Operator

v’ Share of the conjunction assessment
- Debris1 was located below the satellite in the radial direction.
- Time to TCA was short.

v Discuss the DAM plan & Coordinate the DAM timeline
- DAM in nominal plan
<Radial Separation>
*Maneuver timing : The opposite side(= 180deg) of argument of latitude at TCA

- DAM in backup plan
<Radial Separation + Along-track separation>

*Maneuver timing : 1 revolution earlier than the maneuver timing

of the nominal plan

For other risks after DAM,
JAXA prepare for backup plan. | 11

5. Practical examples of DAM operation "’

B (Ex.1) Execute DAM in backup plan instead of nominal plan

Days To TCA | Before 11 Apr 2015 12 Apr 2015 13 Apr 2015 14Apr201s . 15Apr20i5
. A 1%t Meeting Final Meeting DAM DAM TCA TCA

Det.e?non of the high risk ) (Backup) (Nominal) (06:06UTC) (21:36UTC)

collision approach for Debris1 v.s. Debris 1 v.s. Debris 2

O Final Meeting (DAM GO/NOGO)

:
<«
JAXA STCC JAXA SC
-Risk Analyst(SED)- Owner & Operator

v" Analysis result considering DAM plan by CSpOC screening
- Collision risk against “Debris1” was low.
- Detection of close approach to other “Debris 2” in case of DAM nominal plan.

v' DAM GO/NOGO
- No conjunctions had identified for new orbit in case of DAM backup plan.

=) DAM GO (Backup Plan)

m) The satellite condition after TCA was normal

12
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5. Practical examples of DAM operation "’

B (Ex.2) DAM of satellite with OCM(Autonomous Orbit Control Maneuver)

Days To TCA | Before 29 Aug 2018 30 Aug 2018 31 Aug 2018 1Sep 2018 2 Sep 2018
AV window
—>
Detection of the high risk 1% Meeting @ (IS%TC)
collision approach for Debris1 Autonomous V.S, bebris 1
ocMm

O 15t Meeting (Discussion on DAM)

JAXA PCT (Probability of collision Contour Tool) Output

’ ‘
08/31 16:30 »
€ 4 =
08/31 16:45 N
: JAXA STCC JAXA SC
08/31 17:00 e e 2 -Risk Analyst(SED)- Owner & Operator
/t

08/31 17:15 -3 . . .
S a1 1730 r v Sorting of high-risk approach
2 & - Execution of OCM was predicted before TCA.
2og/31 1745 SN " - AV window and AV magnitude of autonomous OCM were unknown
308/31 18:00 § o1 until just before OCM.
@ > - _ ; ; : « ” )
im 08/31 18:15 2 ( 6 Conjunction assessment using the “JAXA PCT” is shown on the left figure.

08/31 18:30 o i v Conjunction Assessment by PCT

35
08/31 18:45 *ﬁ v -8 The left figure(JAXA PCT Output) shows ...
08/31 19:00 [ — (ﬂ - Collision risk might be high in case of autonomous OCM.
AV average = -0
TCA 08/31 19:15
[} 05 1 15 2 25
Delta v (cm/sec)
N
. 7
A\ 4 AV magnitude 13
AV time

5. Practical examples of DAM operation "’

B (Ex.2) DAM of satellite with OCM(Autonomous Orbit Control Maneuver)

Days To TCA | Before 29 Aug 2018 30 Aug 2018 31 Aug 2018 1Sep 2018 2 Sep 2018
AV window
1T —
. . . TCA
Detection of the high risk 1% Meeting Final Meeting (19:220T¢)
collision approach for Debris1 Autonomous v.s. Debris 1
oc™m
O Final Meeting (DAM GO/NOGO)
:
%
JAXA STCC JAXA SC
~Risk Analyst(SED)- Owner & Operator

v OCM GO/NOGO
- Collision risk against Debris 1 might increase in case of autonomous OCM.

=) Autonomous OCM was canceled (NOGO)

14
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5. Practical examples of DAM operation "’

B (Ex.2) DAM of satellite with OCM(Autonomous Orbit Control Maneuver)

Days To TCA | Before 29 Aug 2018 30 Aug 2018 31 Aug 2018 1Sep 2018 2 Sep 2018
AV window
1T 1 -3 Tk =
Detection of the high risk 1 Meeting Final Meetin, x (19%“) Orbit keeping
collision approach for Debris1 Autonomous v.s. Debris 1 maneuver
ocMm
O Planning of orbit keeping maneuver
:
%
JAXA STCC JAXA SC
-Risk Analyst(SED)- Owner & Operator

v’ Orbit keeping maneuver execution after TCA
- The satellite condition after TCA was normal.
- Additional maneuver was needed for orbit keeping.

m) The satellite returned to normal operation

v
Orbit keeping

maneuver 15
6. Summary ' ( ’
* We prepare Space Debris Avoidance Maneuver(DAM) process manuals considering
the feature of each satellite and perform DAM operations.
* SED continue collision risk analysis and DAM operations to protect the JAXA satellites.
* SED will utilize our operation knowledge and support reliable satellite operation in
consideration of the mission in the future.
16
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Thank you for your kind attention.

’ ! l Explore to Realize
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