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Status and ‘Outlook for ISAM
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YOSHIHARA, Toru

Director,

System Safety and Space Operations Safety Unit
JAXA Safety and Mission Assurance Department



The way Japan has taken toward ISAM

ETS-7 (November 1997) v SRR o
Demonstration of HTV1 (September
autonomous rendezvous | -November 2009)
docking (RVD) and remote  HTV9 (May-August 2020)

manipulator technology

HTV-X1 (November 2025- May 2026)

|
HTV-X5 (TBD)

Cabinet Office, Japan

servicing operations (2009 -)

Guidelines of GOJ on a
license for on-orbit servicing
(November 2021)

2(2027)

e Ground based remote operations
(2011 -)

m=) Technical inputs
m=) Application

JAXA's safety standard for on- e T el Jf
orbit servicing [JERG-2-026]
(March 2020)

Commercial Removal of Debris
Demonstration; CRD2 Phasel (2024) 1



Funding and investment for ISAM in Japan - SBIR

Small / Startup Business Innovation Research (SBIR*) Program is a chance for commercial sector gain Government funding

to promote the research and development (R&D) activities.

* https://sbir-en.csti-startup-policy.go.jp/ Current Phase

éa Y

Phase Phase Phase Further R&D
R&D Topics 1 ) 3 Support,
Based on Policy ’ ’ ’. Government
and Procurement Procurement,
Needs PoC & ES Product Technology Market Launch,

S Development Demonstration, etc.
Support etc.

\ v

The SBIR Program is a 3-phase program that supports select
projects aimed at addressing specific R&D topics, which are set
by participating ministries based on their policy objectives and
procurement needs.

Projects are evaluated at stage gates before advancing to the
next phase.

Participating projects are provided financial support, trial fields,
information on policy needs, as well as other various forms of
support such as mentoring and matching with investors and/or
potential business partners.

On-Orbit SSA Mission with

Rendezvous and Proximity Operations
for 2 Large Satellite Debris Objects

[Core technology]

‘-T (1) Rendezvous
with two debris
targets

(2) Proximity
Operations and
imaging

r (3) Maximize

Altitude

Astroscale Japan Inc.

[Outcome]

Observation of
n the second target

0

o O w

_a‘ RCY

i i Ry, -

——————— TA;E \
De-orbit\“and end

Orbit transfer pfioperations

Observation of
the first target

[

' automation

* Basic design \
* Payload (navigation

* Breadboard Model /

\ * Detailed design,

* Flight Model
manufacturing

* Ground Testing

* Operational
Preparation, etc.

sensors)

Engineering Model

Operation time, -

« Satellite launch

* On-orbit
Demonstration,

* Data Acquisition and
Analysis, etc.

po19jdwod
uonessuowaq

2026: TRL 6 and
above

2024: TRL 5 and
above

2027: TRL 7 and

above End of March

2028



Funding and investment for ISAM in Japan - SBIR

Development and Demonstration of a Device
That Expedites Orbit Departure to Prevent
the Creation of Debris from Satellites, Etc.

BULL Co., Ltd.

[Outcome]

[Technology’s features and

sophistication level]
DEVELT i da device that "prevents” space debris Ma!/[»}

@ . . Pre-installed on parts that would become space debris,
B Enables lightweight and

early orbit departure .
while ensuring safety and il e
reliability S iEtEnlbn T
\ / e e e
M Realizes a simple, low-
cost device that minimizes
the burden on spacecraft

3. De-ol Re-entry £

= Ultimately, will enable orbital departure for rocket upper stages
of several tons within a few years

* Development
environment setup
¢ Coordination with . \ o\
* Preparation for | °Mass production |
spacecraft operators .
. . on-orbit model
* Engineering model .
demonstration development

development
2025: TRL 5 and above

* Flight model * On-orbit
development demonstration

pa319|dwod
onesysuowdq

<3

2026: TRL 6 and 2027:TRL 7 and End of March
above above 2028

Development and Demonstration of Miniaturized Water lon
Thrusters and Hall-Effect Thrusters for Deorbit Maneuvers and
Collision Avoidance in Satellites

Pale Blue Inc.

[Technology’s features and sophistication level] [Outcome]

M Short time-to-thrust (Rapid
startup) enabling immediate
maneuvers

=Pale Blue aims to develop an ion
thruster for 10+ kg-class small
satellites, and a Hall-effect thruster
for high-performance propulsion
on 500 kg-class small. These
thrusters will be demonstrated in
space to validate their
performance and functionality.

[Development targets]

* System basic * System detailed

design | design VlLauie)
| ; * On-orbit

* Completion of * Completion of . ‘
; . demonstration
ground testing ground testing

2025: TRL5 and 2026: TRL 6 and 2027:TRL 7 and
above above above

5

0

§ :

sg

= 5

o =
o

<

End of March
2028



Funding and investment for ISAM in Japan - SSF %

The largest funding for the Japanese space sector is the Space Strategy Fund (SSF) by the Japanese
Government.

Space Strategy Fund (SSF) &

GOJ Funding Grant Allocation/ Private companies, Startups, Universities,
. Fund Agency Entrustment Research Institutions

- Commercialization

‘/ - Solving Social Issues
| | | _ W - Frontier Technology Development
O omexr | [ mic ) q The 2" Phase fund includes the following themes.

.g'!z ‘ g HHE Technologies for Realizing Flexible Utilization of Space
w )\ A. Development of On-Orbit Manufacturing and Assembly

Technologies
B. Development of On-Orbit Object Removal Technologies

CAO | METI | | Creation (* Not equity)

<Fund size and period>

Aiming at securing 1 trillion yen (approx. 7.0 billion $) in total up to 10 years . ) .
- 1st phase Fund: JPY 300 billion (approx 2.3 billion $) by FY2023 Supplementary budget C. Development of Space Situational Awareness Technologies

Technologies for Realizing Flexible Mobility in Space
A. Development of Inter-Orbit Transportation Vehicles

MEXT: 95 B JPY’ METL 74 B'JI'D‘:,“M?EPE‘;"B- oy B. Development of Core Technologies for On-Orbit Refueling
( : ‘ ' E— ) . C. Research and Development of Space Logistics
3 Goals
Expanding the space market . Cy s . . .
Dmﬁle the sizegof Japanesea?mestic space market SOIV.'ng gl0ba| and Soclal 'SS.'.".es Plnoneerll ntg. fg';?ntllgr in th . d
5323?" 8T JPY (approx. 60B USD) in the early ‘S:::ctgbutﬂ to solve global and sccial issues by utilizing Stergﬁ;fe sl ji&nglgg'}:;%& &L

https://fund.jaxa.jp/content/uploads/Overview_of The_ SpaceStrategy Fund.pdf



Japanese Industrial forum for on-orbit servicing

Strategy Co-creation Forum for On-orbit Servicing (StraCQOS)
hosted by; JAXA, Mitsubishi Research Institute (MRI), and Japan Space Forum

Purpose
* Promotes information sharing and collaboration among operators, drives momentum toward

commercialisation, develops specialised talent, and provides a strategic platform to accelerate market
formation and penetration.

* Widely invites participation from existing and prospective companies and organisations across the on-orbit
servicing ecosystem, ensuring an open and inclusive platform for broad community engagement.

Working Groups (Number of member organisations) Sub leaders

WG1: Refueling / life extension (28) Astroscale IHI Aerospace

. : SOMPO Risk .
WG2: Space debris / SSA (37) Management IHI, Fujitsu, BULL
WG3: In-orbit transportation / Logistics (37) YO-KOHAMA National ispace, NEC, MELCO
University
WG4: Future technologies (In-orbit manufacturing / Institute of Science TOHOKU University,
Assembling / Repairing /Replacing) (35) Tokyo Space Quarters

WG5: Interdisciplinary Study (Rule and Law / Future vision / MRI
Common technology (Autonomous / AI) (39)

https://www.mext.go.jp/content/20260608-mxt_uchukai01-000050313_006.pdf



Overview of the technology categories regarding on-orbit servicing

https://www.mext.go.jp/content/20260608-mxt_uchukai01-000050313_006.pdf

5 1 Explorg 1o Poakze

Category

Technology

WG1: Re-fueling / life extension

Refueling to a tank

@D Refueling Replaceable cartridge

Others

@ Life extension

(Additive trajectory (Additive devices)

control / attitude

control) (Docked servicer)

WG3: In-orbit transportation / Logistics

WG2: Space debris / SSA

@ ADR

Space
Debris

Robotic arm

(Magnetic capture)

laser

(Capture bag)

(Docking Plate)

@ Additive
devices

Deployment mast

Tethers

WG4: In-orbit manufacturing /

Observation

® On-orbit technology
SSA
SSA
® Ground
based SSA Advanced

data analysis

WG5: Interdisciplinary Study Area

Last one mile transportation(to
LEO, GEO, Cis-luna, deep space)

Orbit to orbit transportation
(Relocation of a space object,
Station to station manned /
unmanned transportation)

@ In-orbit
transportation

Space logistics station(Station
keeping, Logistics hub service)

Assembling / Repairing /Replacing

@ Manufacturing of
a larger space
object than LV
fairing

Production of
components and
parts in space

In-orbit assembly
system

In-orbit
manufacturing
system

Space logistics | Logistics technology

@ Functional
upgrade of a
device

joining, cutting

On-orbit inspection

Recycling

@ Common
technologies

RPO

Physical Al
Automation




Pale Blue Inc.

Micro-OTV (Orbital Transfer Vehicle) Service for Cislunar and Beyond

[Summary]

* 100kg-class Micro-OTV provides the last-mile transportation for dedicated customer, while the large ride-share OTV only
delivers multiple payloads to the bus stop.

* Highly reliable water-propulsion systems that have already been flight-proven, is capable to achieve a customized
insertion into specific and unique orbits.

* Refueling of ‘water’—which is safe and easy to handle— could extend life and reuse of the OTV platform in orbit,
therefore it will serve long term in deep space as the mobility of customer’s spacecrafts.

[Potential future collaborations]

* There will be strong synergies between Micro-OTV and European missions, such as scientific exploration and space
environment monitoring technologies. For example, Micro-OTV can be used to deploy sensors and ultra-small satellites
for space weather observation at Lagrange points (L1, L2, L5, etc.) on a high- frequency, on-demand basis.

* Another potential collaboration is the establishment of an international joint
space transportation network, in which a Japanese Micro-OTV could receive
propellant (water) replenishment from in-orbit service infrastructure
developed by Europe.

[Contact]

Jun Asakawa / asakawa@pale-blue.co.jp




ISAM business model in Japan: IDDK Co., Ltd.

MBS-LAB / BIO - MANUFACTURING PROCESS FIT

[Summary]

* Automated bio-experimentation technology designed for biomanufacturing in space.
* Asingle integrated unit that provides microscopic observation, temperature control for cell culture, and fluid control.

Process

Technical factors for biomanufacturing

Function of MBS-LAB

Stepl:
Preparation

Aseptic techniques, sample sealing,
preparation of culture media, and suitable
containers.

Most preparation will be done in the clean room environment. The unit
provides a chamber made of cell-culture-compatible materials and
micro- and millimetre-scale flow channels for crystallization.

Step2:
Cultivation and
control

Temperature control, supply and
replacement of nutrients/culture media,
sealed container and sterile environment

Heating via a heater and cooling via a Peltier element, supply and
replacement via a culture medium circulation pump and check valve,
and a sealed container(latm)

Step3:
Observation

Process Analytical Technology (PAT) such as
real-time monitoring and in-situ
observation

Environmental sensors (temperature, humidity, CO,, pressure),
Lenseless microscopic observation combined with LED or light-sheet
illumination, Monitor changes over time via time-lapse imaging.

Step4:
Control

Automated process execution, reproducible
sequences, and remote intervention

v' Runs on the Linux operating system; automated procedure execution
via the RECIPE system; remote control from the ground via SpaceOS

Step5: Data and
sample collection

Record and transmit of process data,
collection of products and samples

v" Downlink of images and logs (PNG/DNG/RAW, measurement logs),
sample return (retrieval)

[Contact] Soichiro Ueno / soichiro.ueno@iddk.co.jp




ISAM business model in Japan: Mitsubishi Electric Corporation %

STC Scheme & Secure Flight Safety Service
Currently examining mechanisms and service initiatives to maintain on-orbit safety during the period of rapid satellite

proliferation in the 2030s.

Information sharing amongst stakeholders and the establishment of a space traffic coordination scheme to be of the
utmost importance, and are therefore proceeding with patent applications in Europe, Japan and the United States.

* Also examining an STM

platform that can interoperate
with systems such as EU SST in
Europe and TraCSS in the
United States.

[Contact]

User ;

PMD operator, etc.

Eavoidance behavior TDashcam

Providing STC Scheme MELCO

4 N

Risk Preventive Architecture
| STM17 : Intrusion Alarm |

STM46 : Space recorder

role adjustment registration contract

Collision insurance

Mega Constellation

“—ED) Providing STC Scheme

l -
& Intrusion alert

Morbital information

STM47 : Avoidance support
| STM44 : Space traffic Management |
STM33 : PMD
STM54 : ADR

\h| STMS56 : Rocket Launch support |

o (ZSSA contract
Providing STC Scheme information

(FSSA information contract. PMD plan orbital information

Motoya Nakamura / Nakamura.Motoya@bx.MitsubishiElectric.co.jp

&= Mtz Richi Bactric Cnmnrabon
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