
C14 
 

JAXA 衛星に対する衝突リスク評価と 

デブリ回避制御手順について 
Conjunction Assessment of Space Debris and Processes for Debris  

Avoidance Maneuver 
 

矢野匠馬，井上卓悠，澤村将太郎，田上惣一，宮澤陽，竹田光佑，阿部裕太朗，荒川崚 
（宇宙技術開発），中村信一，坂本拓史，池田沙織，日南川英明，植本有海，畠山拓也， 

朽木左恵子（JAXA） 
Shoma Yano, Takayuki Inoue, Shotaro Sawamura, Soichi Tagami, You Miyazawa,  

Kohsuke Taketa, Yutaro Abe, Ryo Arakawa (SED),  
Shinichi Nakamura, Takushi Sakamoto, Saori Ikeda, Hideaki Hinagawa, 

Arimi Uemoto, Takuya Hatakeyama and Saeko Kuchiki (JAXA) 
 

JAXA 追跡ネットワーク技術センターでは、現在 14 機の衛星に対して追跡管制運用を行っており、それらの衛

星に対して米国国防総省戦略軍統合宇宙運用センター（CSpOC）から提供される接近情報（CDM）に基づき、

スペースデブリとの衝突リスクの分析を実施している。 
JAXA 運用衛星はそれぞれ異なるミッションを有しており、各ミッションの衛星制約に合わせて衛星毎にスペース

デブリ衝突回避制御（DAM）運用手順書を策定し、DAM 運用を行っている。 
本講演では、JAXA で行っているスペースデブリとの衝突リスク分析の手法と DAM 運用手順の説明、これまで

JAXA で実施した DAM 運用の事例およびその課題について報告する。また、DAM 運用の実績を踏まえ、

DAM 運用に対する提言事項について報告する。 
 
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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CDMs

Warning：146

DAM : 3

※ The number of  total conjunctions for 14 satellites
（2017.4.1～2018.3.31）.

DAM preparation : 7

2. Conjunction assessment

4

• We operate 11 LEOs, 1 GEO and 2 HEOs in JAXA STCC*1,
and we analyze their collision risks based on CDMs from CSpOC.

• 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  conjunctions 
and DAMs in last year.

• We have never experienced a collision accident 
with space debris in JAXA satellites. 

*1：Space Tracking and Communication Center
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©JAXA ©JAXA

JAXA Satellite Tracking Station Network

©JAXA ©JAXA ©JAXA

GOSAT / SDS-4 / ALOS-2 / GCOM-W1 / GCOM-C / SLATS
GOSAT-2 / WINDS / AJISAI 

JAXA FDS*1 Operator

・ Orbit Determination
・ Orbit Prediction
・ Orbit Keeping Maneuver Planning
・ Conjunction Assessment(CA) & 

Debris Avoidance Maneuver(DAM)
Planning

・Commanding
・Telemetry & Mission Data   

Receiving
・Ranging

Orbit Data

Tracking
Data

Command

Ephemeris

CDMs*3

CSpOC*4

Range /
Telemetry & Mission Data

1. Introduction: JAXA Flight Dynamics System

JAXA SC*2

Owner &Operator

CA Result

Orbit Data

3*1：Flight Dynamics System
*2：SpaceCraft Control

TKSC SSOC

©JAXA ©JAXA ©JAXA

ASTRO-E2 / INDEX / SOLAR-B / ERG / SPRINT-A / GEOTAIL

*3：Conjunction Data Messages
*4：Combined Space Operations Center
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3. Methods of risk analysis for JAXA satellites
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
- Judgment to prepare for DAM operation
- Discuss the DAM plan
- Coordinate the DAM timeline
etc….

1st Meeting (Discussion on DAM)
Morning N days*1 ago 
from TCA

Final Meeting (DAM  Go/NoGo)

- Share of the conjunction assessment
- GO/NOGO decision to execute DAM

Level3 (CRITICAL)Level2 (URGENT)Level1 (MONITOR)

Collision Risk (Probability)

Urgency*2 (Time direction)
Morning 5 days ago 
from TCA

First path 
after TCA

threshold A 

threshold B

threshold C

It corresponds only when we cannot 
perform the risk mitigation operation.

◆ In the case of "N≦2" and over threshold B

◆ In the case of "N＞2" and over threshold A

TCA
(Time of Closest Approach)
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2. Conjunction assessment 
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JFY 2014 2015 2016 2017 2018
(present)

DAM 
preparation 24 26 18 7 8

DAM 5 5 5 3 3

• 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. *1：Time of Closest Approach

Probability of CollisionMiss distanceThreshold ：
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JAXA STCC  -Risk Analyst- (SED)

- 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

CDM Analysis Tool

Analysis Report

OperateProbability of collision Contour Tool 
(PCT)

Confirmation of Pc distribution corresponding 
to ΔV time and ΔV magnitude

＜Filtering＞
- Probability of Collision(Pc)
- Days to TCA*1

＜Trend analysis＞
- Miss distance
- Relative position

(Radial, In-Track, Cross-Track) 
- Orbit error covariance
- Number of observation data
- Orbit Determination(OD) quality
- Close approach to same object

at other timing
- Close approach to other objects

＜Simulation （by STK）＞
- Simulate ΔV & Calculate Pc 
- Screening 【 Automatic Processing 】

- Analysis of CDMs
- Creating the report of Risk    

Assessment Result

8

3. Methods of risk analysis for JAXA satellites

*1：Time of Closest Approach

＜Simulation＞
- Calculating the approximate ΔV time and 

ΔV magnitude of DAM

Satellite

Miss Distance
Debris

Position of Debris at TCA

Position of Satellite at TCAError covariance of Debris

Error covariance of Satellite
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Days To TCA From 7 days to 5 days From 5 days to 2 days From 2 days to 1days

CSpOC

JAXA FDS*1

Operator

JAXA SC*2

Owner &
Operator

Provide CDMs 
for JAXA

CDMs

Risk Assessment 

CDMs

over the threshold A 

Conjunction Analysis

Send e-mails 
the analysis result

Enhancing monitoring

over the threshold B 

1
st

M
eeting

・Planning of DAM
・Orbit prediction
・Provision of orbit data

over the threshold B 

Final M
eeting ・DAM Go/NoGo

・ΔV command U/L
(if DAM go)

Confirmation of the risk

CDMs CDMs

・Generate the ΔV
command

Ephemeris

DAM Execution

Analysis CSpOC
Screening

confirm the condition
after TCA

From TCA to
condition checkFrom 1 days to TCA

*2：SpaceCraft
Control

*1：Flight Dynamics
System

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

TCA
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Small 
maneuver

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

Magnitude order : 20 m Da

4. Processes for Debris Avoidance Maneuver (DAM)

Along-track separation

Debris Avoidance maneuvers in LEO

10
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Tangential maneuver is performed at 
the opposite side(= 180deg) before TCA

Magnitude order : 50 m Da

Maneuver

180°

4. Processes for Debris Avoidance Maneuver (DAM)

Radial separation

Debris Avoidance maneuvers in LEO

9
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5. Practical examples of DAM operation 
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Days To TCA Before 11 Apr 2015 13 Apr 2015 14 Apr 2015 15 Apr 2015

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

 Final Meeting (DAM GO/NOGO)

 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. 

JAXA STCC
-Risk Analyst(SED)-

JAXA SC
Owner & Operator

Final Meeting TCA
(21:36UTC)

Debris 2

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

DAM GO（Backup Plan）

DAM
(Nominal)

DAM
(Backup)

12 Apr 2015

The satellite condition after TCA was normal

TCA
(06:06UTC)
v.s. Debris 1

Detection of the high risk 
collision approach for Debris1

1st Meeting

v.s. Debris 2

DAM
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5. Practical examples of DAM operation 
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 (Ex.1) Execute DAM in backup plan instead of nominal plan

Debris 1

 1st Meeting (Discussion on DAM)

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

JAXA STCC
-Risk Analyst(SED)-

JAXA SC
Owner & Operator

 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.DAM

Days To TCA

TCA
(06:06UTC)
v.s. Debris 1

Detection of the high risk 
collision approach for Debris1

1st Meeting

Before 11 Apr 2015 13 Apr 2015 14 Apr 2015 15 Apr 201512 Apr 2015
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5. Practical examples of DAM operation 
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 (Ex.2) DAM of satellite with OCM(Autonomous Orbit Control Maneuver)

JAXA STCC
-Risk Analyst(SED)-

JAXA SC
Owner & Operator

 Final Meeting (DAM GO/NOGO)

Final Meeting

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

Autonomous OCM was canceled（NOGO）

Debris 1

OCM

Days To TCA Before 29 Aug 2018 31 Aug 2018 1 Sep 2018 2 Sep 201830 Aug 2018

TCA
(19:22UTC)

v.s. Debris 1

1st Meeting

ΔV window

Detection of the high risk 
collision approach for Debris1 Autonomous

OCM

SPACE  ENGINEERING  DEVELOPMENT  Co.,Ltd.

5. Practical examples of DAM operation 
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Days To TCA Before 29 Aug 2018 31 Aug 2018 1 Sep 2018 2 Sep 2018

 (Ex.2) DAM of satellite with OCM(Autonomous Orbit Control Maneuver)
30 Aug 2018

TCA
(19:22UTC)

v.s. Debris 1

1st Meeting

ΔV time
ΔV magnitude

JAXA PCT（Probability of  collision Contour Tool） Output

ΔV
w

in
do

w

ΔV average

 Sorting of high-risk approach 
- Execution of OCM was predicted before TCA.
- ΔV window and ΔV magnitude of autonomous OCM were unknown 

until just before OCM.  
- Conjunction assessment using the “JAXA PCT” is shown on the left figure.

JAXA STCC
-Risk Analyst(SED)-

JAXA SC
Owner & Operator

Autonomous
OCM

ΔV window

 Conjunction Assessment  by PCT
The left figure(JAXA PCT Output) shows … 

- Collision risk might be high in case of autonomous OCM. 

TCA

 1st Meeting (Discussion on DAM)

Detection of the high risk 
collision approach for Debris1
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• 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

6. Summary 
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5. Practical examples of DAM operation 
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 (Ex.2) DAM of satellite with OCM(Autonomous Orbit Control Maneuver)

 Planning of orbit keeping maneuver

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

Orbit keeping 
maneuver

Orbit keeping 
maneuver

The satellite returned to normal operation

Days To TCA Before 29 Aug 2018 31 Aug 2018 1 Sep 2018 2 Sep 201830 Aug 2018

Final Meeting TCA
(19:22UTC)

v.s. Debris 1

1st Meeting

ΔV window

Detection of the high risk 
collision approach for Debris1

JAXA STCC
-Risk Analyst(SED)-

JAXA SC
Owner & Operator

Debris 1

Autonomous
OCM
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Thank you for your kind attention.
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