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Application domains P .
Orbital economy Defence & Security Autonomy for Exploration In-orbit _refilling In-space infrastructures
Act-in-Space Dynamic orbital ops Tugging & refilling Space lifecycle & Sovereign capabilities
Servicer / Customer , s , Superioly
Spacecraft %% PR h o M .G, Y . TR,
® (3 L) & &0 N
hg Space-tug e e X \ - =
'w@; \f<ick-stage Pa)llloads' ISOS b ALTEE Landers & exploration Propellant tanks, Data-centres, large
~ oge eco?] elements R spacecraft orbital depots modules infrastructure modules
.’ Upper-stage Na\ige;;\;%fn Orbital Replacement Units...

Interoperability & modularity architecture Spacecraft Servicing Interfaces Interoperability

for spacecraft interactions g Architecture
Enabling capabilities and A interconnect .

.g rFf) Rend z Grappling & Fluidic TOOlbOX Of COUplerS

Inte aces il i Docking *A la carte” servicing coupling

Enable an open in-space infrastructure
for European stakeholders to operate and provide services in the orbital economy
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ESA and EC ISAM / ISOS Architecture Eesa

Servicing &

infrastructure

'  |OD/V
4‘2\.
y : / * In-orbit
‘*.‘\.

Hosting o
Providing supply for docked J¢

Providing
Commercial and - commercial and governmental
governmental ‘ E &y servicer and logistic spacecratft, @?’ |
services - hosting and distributing _";" InSPoC-4  ODYSSEY
peripherals, IOD/V experiments, i
_ _ _ _ propellant
* Active Debris Removal and Life Extension
» Refurbishment & Upgrade
Logistics * Transportation

Transporting cargo
and supplies, disposal
e of old cargo, providing
ERASE PRELUDE transport services to
spacecraft

e InSPoC

InSPoC-1 InSPoC-2  InSPoC-3

(- Refurbishment & _
s Upgrade Expanding -
L. j Building an ecosystem of 5@@

Modular platforms _ : s - ASTRIS ~ RAVEN Space Rider
functional satellite upgrades 2= #* é%;‘?% e

L] q 10 o b o
(plug’n’play peripherals) ;Qéfé %ug Rif
N NI

Pilot Mission ISOSA4|

In-Space Operations & Services 4 Infrastructure ESA involvement -

Pre-cursor for continuous provision of on- under discussion Shared In-Space Servicing Infrastructure
demand in-space services to the Space -

infrastructure
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Spacecraft Servicing Interfaces to enable the %rbital economy

“For European strategic interest, the ISAM eco'sys;terh shall not be ruled by a “winner takes all”
approach but rather by an ecosystem of players provid’&qbundled services on an open market.

@ | 4. Interconnections between®Pacecraft in the future orbital economy
: ~ shall be performed Wh open universal / standard / interoperable
interfaces allowing interactions between the spacecrafts
and allowing European c tpanies to access the market. ©

2 : A ;‘-‘_' - / i ESA ISAM Working G[‘Oup o 2025 Report

ng Interfaces:

» Interfaces allowing interactions between spacecraft to Act in space:
Rendezvous, @éure/Docklng, Serwcel,'ng, Refilling, Refurbishment )

 Passive sides shall be non-proprietary, released with open IRDs
& free.of Export Control to allow a wide adoption.

* Pre-requisite to ensure European non-dependence, interoperability and enabling : @esa
European stakeholders to operate and provide services in the orbital economy.

Spacecraft Servie




ESA Spacecraft Servicing Interfaces Taskforce

Objectives:
Set a One-ESA unified roadmap for Spacecraft Servicing Interfaces (SSI)
covering Rendezvous, Capture/Docking, Interconnect, Refilling, and Refurbishment
Consolidate and share interface architecture for modularity & interoperability
Define actionable roadmap for convergence and impactful deployment

Cross-directorate ESA team : [
Chair & Co-chairr  STS& OPS ¥
Users’ Squad: CSC, HRE, NAV, EOP
Commercial Squad: CIC-S

System Squad: TEC-SF

Rendezvous Squad: TEC-ECG & -EFA
Docking Squad: TEC-MMA & -MSM

> Power & Data Squad:TEC-EP

¢ Fluidic Coupler Squad: TEC-MP

# v Refurbishment Squad: TEC-SF
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One-ESA Mapping of ISAM missions involving capture/docking

Orbital relocation of existing spacecraft
Target GNC collaboration and future in-orbit servicing

0

Collablorative

/T

Target preparation
(equipped of interfaces* or not)

Non- |

collabbrative

* Modular
. L == — - rendezvous,
@_ a ‘\ ( (@) ) i“ ] ) ;:‘0 @ | {" .:: h @ | ggkallcr:gg&
X& Y & Y N .} 9 By 2 interfaces for
None g Grappling/Capture Grappling/Docking  + “Ala carte”features  prepared
Launcher Adapter Ring interface for deorbiting interface for tugging  of servicing & refilling spacecraft (SR




Spacecraft Servicing Interfaces | Architecture for Interoperability

Ensure interoperability

Ensure modularity & “a-la-carte” servicing
Foster adoption while allowing innovation
Foster commercialisation & market shaping

Overall SSI Interface Architecture -

Toolbox of couplers |

Decouple features, then drive convergence and compatibility
Interoperable architecture + Toolbox by features and classes
Release open IRDs for the Passive sides for customers adoption
+ Leave Active sides open to innovation by service providers
Propose a seamless solution to spacecraft integrators & operators

Roadmap to convergence

—_—

Interoperability & modularity framework

Space-tug or Servicer (Active) Target Spacecraft (Passive)

WoTE O
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Modularity and innovation by feature

Consolidate, converge, disseminate

Inter-Satellites Link Antennas om@e , ...

L Bo: = et B
Rengcra\lzc\:/ous Navigation Sensors Desq e -
(open to innovation) sow .
m Navigation Aids
Rexutire &+ XMmudlnqnlc- =
CAFTURE Wi . . N areersal Grapptmg Fiekines o) - (UGF bamy St 6
A Active grappling & docklng Crapping §55cirg 47—
"™ Grappling & interface (open to innovation) — Seows P V — v
~us & docking | e Passive gripping interface : Sl RS
v (converged & public IRD) o Aaptor
TRLAL M ' Convergence
e ’/'v'j\-\ - . N - ‘ ':‘;\\ ) .
Interconnect I &) Power & Data ports -"'»*’-'-/ \"/ el .
il Lo
Refilling I @ ) Fluidic coupling ports - L L
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Refurbishment I Orbital Replacement Units & & % #
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SSI - Focus on Rendezvous & GNC interfaces

]

Space-tug or Servicer (Active)
Potential 1 *

Target Spacecraft (Passive)

Toolbox

Architecture
Configs . .

CAPTUNE SES 1. DU ENVEL Mg

BT8PV ANV OF RO INTESNAL Bia

el SLOT S

WVISUAL NAVISATION MARRLES
KELr.our.enveLOre

i

Convergence Roadmap

Proximity Comms  Catalogue of Navigation Aids

protocols&exchanges E E E @

AR Toow it ARTag i senae

Rendezvous Zones

A e = ﬁ.$@

BnASy10 CyderCadm Vet oache

oM Pea 'lv‘ hon

Available upon =
request
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Inter-Satellites Link Antennas

Rendezvous
GNC

®

Navigation Sensors
(open to innovation)

[Eﬂ| Navigation Aids

/ > Consolidation Way-forward

il

1

\

Down-selection and
performance improvement
of navigation aids

Detectability & Trackability
requirements on markers
flowed-down from
Servicers GNC

~

> Convergence

Increase interoperability
between Navigation Aids
and Servicer Sensors

® [
=

> Standardisation

m Location & type released

Open for innovation




SSI - Focus on Grappling & Docking

Space-tug or Servicer (Active) Target Spacecraft (Passive)

Potential i “ = Toolbox
Architecture
Configs . .

VI8 sLore

CAFTUNE SESP. OUT-ENVELDE

} Active grappling & docking

FRTAD P2TAVAF RNO INTERNAL SIA

Grappling & interface (open to innovation)
e &docking | <Nz Passive gripping interface
v oy e % (converged & public IRD)
= Available upon
request
Passive Grappling Fixture: Convergence & harmonisation. Public release.
. N Baseline & _# | Advanced logistics =
Universal Grappling Fixtures (MICE) ,‘ (UGF from InSPoC-l)ﬁ;?
Grappling & docking « «
i i j C C +
De-orbitation « v Intemal shape | |
: < allowing central grapplir
High-thrust manoeuvres « _ =88 by prob
Design & Demonstration CAT-IOD (S2P) @ INSPoC-1 (STS) Q*/
v
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SSI - Focus on Grappling & Docking ANE

wmy

Space-tug or Servicer (Active) Target Spacecraft (Passive)
Potential * - Toolbox
Architecture N
Configs __

;, g SIROM Pro Docking System

Grappling & fom 32 sener

i & docking N Passive gripping interface

v i R v (converged & public IRD)

Active Grappling & Docking device: Open to innovation, pending compliance with passive side.

Example: Interoperability with SIROM-Pro Docking System from gg sener

Interoperability is key
Compatibility with Active grappling & docking solutions

‘‘‘‘‘‘‘‘‘‘
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SSI - Focus on Grappling & Docking

&I
/|' "\

Space-tug or Servicer (Active) Target Spacecraft (Passive)
Potential ’ 1 “ 8 I Toolbox
Architecture
Configs . .

103 21 R T ,5* Grappling & Docking System

Grappling | #™* from “gHB

S s & docking N Passive gripping interface

v i NV (converged & public IRD)

Interoperability is key
Compatibility with Active grappling & docking solutions

vvvvvvvvv
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Design & demonstrate Interoperable Spacecraft Servicing Interfaces

Space-tug or Servicer (Active) Target Spacecraft (Passive) Inter-Satellites Link Antennas
. -+ . u Rendezvous L
Potential < Toolbox GNC ® Navigation Sensors
Architecture N (open to innovation)
Configs __ _ SR
wors | )l m Navigation Aids
s ! @ 6 DoF Stewart platform
W ' SLOTS Grappllng 4 Crussader from aLmaTEEH
o [ &docking | <Nz Passive gripping interface
v e 4 v (converged & public IRD)
? @
Interconnect )| &&=/ Power & Data ports
® .
- Refiling | @) Fluidic coupling ports,
Z/////% The )
Active Grappling & Docking device: Open to innovation, pending campliancenwith passive side. - g’;ﬂ“’)’;":f"
Servicer / Space-tug Customer Spacecraft QT 1 ThalesAlsepgé
Fluidic Couple Active -“ ; :k B

e, | 52 sener

; fi@ﬁ el AV 3} 4 daLMmartecH
nac - y & A—— = % CDS
’ WIRELESS

Interface to be
demonstrated in orbit | NOVASPACE
with INSPoC-1 10D in 2030 i,

Ilaminator
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xploration
P Company

ThalesAISenié
pace
e sener

aLmarecH
el

Servicer / Space-tug

Fluidic Couple Active -

NOVASPACE

NAC -

Interface to be
demonstrated in orbit
with INSPoC-1 10D in 2030 e

N
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SSI| - Focus on Fluidic Couplers

Space-tug or Servicer (Active) Target Spacecraft (Passive)
Potential & * et Toolbox
Architecture
Configs _ . . ‘

\7 2 KELr.ouT.enveELDrE

Refilling I @ ) Fluidic coupling ports

Convergence Roadmap 772N h e
‘ vy Standardisation (@

Fluidic couplers under maturation Consolidation | I Convergence
y o ;:f\; ~SSI Architecture IRD “Market coalition” approach | ——— &, Passive side:
.‘ ¥ 3 j \flwdlc Couplerf RELIETE e Converge on shared fluidic couplers, ’3' Released for adoption
o \ Consolidation of current / nOﬂ-pfOpErIXegggggilt?gIS, reedt Ly Active sides:
PP Open for innovation

W " fluidic-coupling solutions

@V Techno maturation
e + In-orbit demonstrations
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SSI - Focus on Cryogenic Fluidic Couplers

Space-tug or Servicer (Active) Target Spacecraft (Passive) Toolbox _
Potential 1 " e Refilling I () Cryogenic
Architecture coupling ports Qvs
Configs o
g SOt 3 Jmo O O @ C/'
TR PITANAF R | TER . .":,-&;:. o
. TAVYH W0 INTESNAL S1a . LU '-“. k ] ’ » ri“
et SLOT S e ' q ’l . q.‘lj[ =7 | -
s . o = | L > -
s B i e B E—
‘ [+ e . 80060
T
‘h p-n-nvv[
Concurrent & collaborative engmeenng for "
cryogenic couplers 44 SN ", Standardisation (%)

ananecrour

) o S Y —_— . Passive side:
®dirliquide 2o=2P=T € ' = Fluidic coupler ,
%W @airliquide S==Tem oHB ‘\ ‘ = e Released for adoption
whasiewicz 58 Sener QVS  wewyem “ave

Qvs g’-f. Active sides:
R Open for innovation
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SSI—-Focus on Power & Data Ports

_ Space-tug or Servicer (Active)
Potential ‘ - . 3 .

Arﬁhitee:ture .l" il SLOT 3 S0
Configs ;

Convergence Roadmap

Target Spacecraft (Passive)

CAFTUNE LESI. DUT-ENVELOME
PATA PV AV NF N0 INTERNAL

e SLOT S

VSUAL RANGATION MARRLRS
Ker-ouT-envELOrE

-~ Toolbox

Interconnect I Power & Data ports

iZsener SIROM W' . f<—0 Adaptor Convergence
spaceapp\,li/c:}tigqs’ HotDock U’ h e
Asoss CPIl: Common Passive Interface Towards simple Power & Data ports
e ~ == i\\" .
ThaIesAlgr]i% S SPACEUSB | y““‘;:‘ (2,
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Deploying SSI within the European In-Space Ecosystem
Main lines of actions for Interoperability & shared interfaces

Shape next generation of spacecraft

“ EU Space Act

The 175 ambiton for a cleane:, safer
A are competitive SpaCe secter

European Commission

SSI
Standard

Enforce ISAM rules
& standardisation

# P ¢
DLR ‘j

\
National Space Agencies

si)

Agenzia
Spoziale
Italiana

LS A

Potd Aqurcqe
Koctmcan

A\ 4
h\ Integrators & Operators
oo/ of Customer Spacecraft
" 8/ . P

ISOS Projects & Pilot

Implements ISOS
Pilot Missions

development of

Support companies
developing national

;}/“ ;rEs

projects

EDF: Support |

Defence projects

\\Q) Integrators & Operators

J

of Servicers / Space-tugs

Passive interfaces

Tier-1 SSI Supplier

\J ESA x EC collaboration

De-riskin

| i O®

pone @) One-ESA: ISAM Working Group & SSI Taskforce
On-going U EC x ESA collaboration on ISOS interfaces

+ European coordinated deployment
On-going & Offer / Development: Demonstrate capabilities & interfac

Techn

%

Next \/ Demand / Adoption: Foster paradigm shift & adoption
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) Maturation

ISAM Enablers
STS OPS
Enabler for In-Orbit Logistics Enabler for In-Orbit Services Cross-directorates
capabilities & interfaces capabilities & interfaces .
ISAM coordination
4 ISAM Users b
CIP
Ensures Market Shaping HRE CSC
for ISAM User of IOL/IOS for User of IOL/IOS for
Exploration missions SatCom & Datacenters
TEC NAV CSscC
Support Technology User of IOL/IOS for User of IOL/IOS for
Maturation Navigation satellites Observation satellites
. -




ESA Spacecraft Servicing Interfaces Taskforce

Qa2 — o

omnnmt a.m wrn A - - - = =

ISAM Ecosystem

g - . « C esa | Ortatal aconovmy Defance & Secunty Exploration n-artt refiling (n-gpace nfrastraciums
= o
g Mapping :f Mapping of ISAM use
@ S with Users’ dwectorates Capabilities and needs
m ] - nisrccnnect
8 Capab“ities & SS' S « Custorers  gangzers H"""“""’ Lf‘x‘l“-l-l. Flsdi -.':-.u-vo‘ RN anhan
£ Requirements % % | % %
B o I %} Cesa . ; g Cesa ) ) )
e requirement , @v Consolidation of SSI ReqM > . uSSI Evolutions with Standardis
NG Design drivers .@:
T - g ‘\‘\f‘f 1
Capabilities & SSI [iks v oy . -
Demonstrations S
'@l Lead In-Space
Programmes R ..
f 2 % Capabilities & SSI IODs by ESA In-Space Missions  p=x= "
0 X Demonstrated SSI
c = .
. s =ty SSI Interoperability architecture
2 SSI Architecture r J s B AT 5 /
(¢} 7 . Bot=rad LY oy % i
- o Interoperabilit AN . il sasif
- AcpRA G i - architgcture y Release of SSI L . et Furopean Allgnmegy ? o
g l “j) y l;’]' [@f i e c *” F > ‘/ & Deployme 7 , wes e 4 7"
5 SN TNLES g Architecture . . 7
g sS4 Synergies with national in-space projects
~_
SSI Components . Consolidation & Convergence on SSI Components ] g | e WC\/ Toolbox of converged
S e = Rivwrapiiuin components,
- Bl Sics & Seasoes
Toolbox I . ‘\,.j @ Proximity Communication M ' ' Passive sides shared
on b ©6 o Rendezvous GNC Alds & S |  [FRRSERE with open IRD
1 \ \ a Convergence roadmap en ezv9us .I S : ensors : w .. =
; Grappling & Docking Fixtures & Devices = (& | Power 4 Dot Forts &@v" "'"'c
i : i ' Power & Data Ports | Floidic Couplers A\ %
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Join the Club to steer the future

SAVE THE DATE

FLPP
AUTUMN
SESSION
2026

ESA FUTURE SPACE
TRANSPORTATION

14 October 2026

Salons de L'Aveyron, Paris

InSPoC & ODYSSEY [ ESJE;}””

T s

ESA THRUST! [t

In-Space Logistics
Convergence Workshop on 13
October, alongside FLPP
Autumn Session 2026.

Inauguration on the ISAM
Club on the 14 October
morning

ISAM Website, Use-cases
database, chapters mapping,
matchmaking... and more!




