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Latest updates on JAXA Commercial Removal of Debris Demonstration (CRD2)
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JAXA has launched the Commercial Removal of Debris Demonstration (CRD2) program with the purpose of
establishing debris removal as a new business and developing a market by private sector. The program has two
goals: to demonstrate active debris removal (ADR) technology and to pave the way for the private sector to
implement ADR as a business. The program consists of two phases, Phase I and Phase II. In Phase I, the
demonstration spacecraft will approach the Japanese rocket upper stage in orbit to perform proximity operations
and take detailed images. In Phase II, the target will be removed from the initial orbit in addition to the Phase I
mission sequences. Astroscale Corporation has been selected as the partner company for the Phase I, and the
project has been launched in March 2020. The preliminary design activities are currently underway. This
presentation will provide the overview of CRD2 program and the latest updates on the Phase I project.

This document is provided by JAXA.
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9th Space Debris Workshop

Japan Aerospace Exploration Agenc
Toru Yamamoto
Feb. 24, 2021

- JAXA's Activities
on Ensuring Stable U

* As space use activities grow, threats and risks posed
by space debris increase. Securing stable use of outer
space is one of the most important issues.

 Basic Plan on Space Policy of Japan includes ensuring
national security and enhancement of national
security ability as objectives.

e JAXA’s activities include:
— Space Situational Awareness (SSA)

— Contribution to international standardization activities on
space utilization

— R&D to mitigate threats and risks of space debris C) CRD2

This document is provided by JAXA.
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ETS-VII

v Launched in 1997

The world’s first unmanned rendezvous
docking experiments in 1998

Have been launched
from 2009

Total 9 flights were successfully
accomplished from 2009.

HTV rendezvous with ISS (Client)
cooperatively utilizing GPS and

precise sensing capability.
A W

Non-Cooperative Rendezvous ogy

HAYABUSA

Launched in 2003

HAYABUSA2

Launched in 2014

* Non-cooperative ren
Itokawa and Ryugu
» Optical Navigation‘Cémera, Light Detection and Ranging,

Laser Range Finders and Fan Beam Sensors supported non-
cooperative rendezvous.

* High efficiency electric propulsion system

AN i
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Rendezvous Capturing Maneuver

M Past results

ETS-VII (1997)

1SS approach using HAYABUSA/ HAYABUSA2
Rendezvous and docking A Small lightweight
technology demonstration cooperative rendezvous propulsgion sys%em
B Ongoing elemental technology R&D

Input SEahat o Output
! i %o — 3D keypoints —» 3D pose

Real image Trained CNN n
Rendezvous Capture Removal
Onboard real-time image navigation usin Dedicated capturing mechanism Low power, high total-impulse
8 8 &  for non-cooperative object electric propulsion

deep learning-based pose estimation 5
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Commercial Removal

of Debris Demonstration)(CRD2)

Aiming at the world’s first Active Debris Removal

in partnership with private enterprises
Demonstration of the removal of large space debris left in orbit in two phases

Phase-l /ot Phase-ll  raons

Key technologies demonstration ADR demonstration

Astrosale

Re-entry

* Non-cooperative rendezvous,

.. . . * Non-cooperative rendezvous,
proximity operation, inspection

proximity operation, inspection
Phase-| * Removal and re-entry of 2nd stage

demonstration of launch vehicle
satellite

Aty

Phase-I partner, Astroscale Japan Inc.

Partnership with private sectors.

A new partnership initiative with private sectors.

* As new partnerships with our industries, JAXA will focus on taking an
“oversight role” with all the R&D assets, having partners strongly lead
the system design to fulfill both our technical requirements and their
business strategies.

* This new partnership will give our industries opportunities to advance
their business to an upper stage.

Phase-I partner, Astroscale Japan Inc.

This document is provided by JAXA.
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CRD2 Phase-l / Target__ —

+ Target candidates ot [ nto s

. 28932 H2A F8 ALOS
— Real upper stages left in Low
Earth Orblt 33500 H2A F15 GOSAT
. 38341 H2A F21 GCOM-W1
— Domestic upper stages
39771 H2A F24 ALOS-2
— Altitude = approx. 600km for 40 HoAFa7 | Geomct
safe demonstration 43682 HIAFA0  GOSAT-2
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CRD2 Phase-1 / Service Specification;

* Service specification (H—E X{E#K) is defined in the
document “GKD-2019013 CRD2 (phase-I) service specification”

* Required services:
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(1) Rendezvous performance report service (2) Fixed-point observation service

Perigee change }
for decay
., |
_ Daparﬁure_
Fly-around (ap“g(;'f;:g';"ﬂ“
observation
(3) Fly-around observation service (4) Mission termination service

11

Requirement,

=

* In order to limit, manage or avoid the risk or collision upon rendezvous,
proximity and servicing operation, the safety standard "JERG-2-026
Safety Standard for ON-ORBIT Servicing Missions” is defined and
required for CRD2.

General requirements

* The total system shall be one
fault tolerant (1FT) to the
critical event such as breakup.
Hence no single failure shall not
lead to collision, or loss of
mandatory function for proper
disposal.

* Analysis, evaluation and safety
reviews are based on the
system safety engineering
practices. A spacecraft
developer performs hazard
analysis based on its design and
operation.

i Keep out zone (KOZ) around the client spacecraft

V-Bar o
- efieiee ] 4

R-Bar

G ™™
< A

Sample trajectory in the far field Sample approach path into KOZ

Basics in trajectory design

In the far field, the servicing spacecraft takes
safe trajectory which does not interfere with
Keep Out Zone (KOZ) even in the passive state.
In the closed approach, the servicing
spacecraft comes into the designated
approach path without crossing over the path
boarder.

12

This document is provided by JAXA.



* ADRAS-J: Spacecraft for
CRD2 Phase-I
manufactured and
operated by Astroscale
Japan Inc.

* Wet mass: approx. 180kg

* Full-range rendezvous
and proximity operation
capability targeting a
non-cooperative H2A
rocket upper stage left in : E
orbit N7, Astrosae
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CRD2 Phase-1 / Mission,
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Astrosale

eparture
Through orbital maneuvers, the Chaser will break away from Target
proximity, move to an orbit below the Target, and end the mission.

Astrosale

14
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CRD2 Phase-1 / Milestoness

* Four milestones are defined

* For each milestone achieved, a pre-determined amount is
paid

* The final milestone payment (Milestone 4) is more than
25% of the total payment

* Launch: FY2022

MS1  MS2 MS3

A
Launch

Preliminary Design Critical Design Manufacture, IAT

Milestone review 3
(PQR, Launch Readiness
Review included)

MS4

Milestone review 2
(CDR included)

Milestone review 1
(PDR included)

Milestone review 4
(Service results)

CRD2 Phase-l / Concept of Operation

First-aim point

b
*_§§ / $‘ T
A
757_ Target ground observation

[Launch and Early Operation (LEOP) &
commissioning]
The Chaser is inserted into its initial orbit
and initial checks of functions are
performed. The initial orbit is determined

[Rendezvous]

By executing orbital maneuvers, the phase angle,

orbital altitude and orbital plane of the Chaser is
matched to that of the Target, and the Chaser
arrives at the first-aim point behind the Target.

[Proximity approach]
Through relative navigation using the
Chaser’s optical sensors, the Chaser
approaches to behind the Target. In this
process, IRCam and LiDAR navigation will be

based on the phase angle of the Target at

demonstrated in orbit.

the time of launch.

[Proximity operation]
Fixed-point observation and go-around observation of the Target, and
testing of final approach to the PAF section of the rocket upper stage
is conducted. In addition, if there are surplus resources, extra mission
will be carried out.

Departure

lﬁ%

[Departure]
Through orbital maneuvers, the Chaser will break away from Target
proximity, move to an orbit below the Target, and end the mission.

This chart provided by Astrosale |16
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CRD2 Phase-| / Miles-

-

* Preliminary design has been
conducted

— Concept of Operation design

— System/Subsystem
requirement definition

— System design
— Subsystem design

— Test and verification of COTS COTS rendezvous sensor BBM test
rendezvous sensor BBMs at the JAXA SATDyn facility

— Safety design o & Astrosale

— Manufacture, integration,
assembly and test planning

* Milestone 1 review is
currently underway

Preliminary design ofnavigation system for nofi;‘cooperative
target with multiple types of COTS sensors

17

* As a result of Phase-l,
establishment of
technologies for full-range
rendezvous and stable
proximity operations with
space debris is expected

* In parallel, JAXA is
conducting R&Ds on the key
technologies required for
Phase-ll

* The activities of CRD2 will
continue for sustainable
space activities and creation
of new on-orbit services

18
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