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Spacecraft Servicing Interfaces to enable the in-space ecosystem

Defence & SecurityOrbital economy Autonomy for Exploration In-orbit refilling In-space infrastructures

Act-in-Space Dynamic orbital ops Tugging & refilling Space lifecycle & 

superiority
Sovereign capabilities

Enabling capabilities and 

interfaces

Interoperability & modularity architecture

for spacecraft interactions

Enable an open in-space infrastructure 

for European stakeholders to operate and provide services in the orbital economy

Upper-stage

Kick-stage

Space-tug
Payloads:

Telecom

Observation

Navigation…

ISOS 

elements

Dual-use 

assets
Landers & exploration 

spacecraft 

Propellant tanks, 

orbital depots modules
Data-centres, large 

infrastructure modules

Orbital Replacement Units…

Application domains

Servicer / Customer 

Spacecraft

Spacecraft Servicing Interfaces Interoperability 

Architecture

Toolbox of couplers
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• Refurbishment & 

Upgrade

• Modular platforms

Servicing
Providing 

Commercial and 

governmental 

services

• Active Debris Removal and Life Extension

• Refurbishment & Upgrade

ESA and EC ISAM / ISOS Architecture

Logistics
Transporting cargo 

and supplies, disposal 

of old cargo, providing 

transport services to 

spacecraft

Hosting
Providing supply for docked 

commercial and governmental 

servicer and logistic spacecraft, 

hosting and distributing 

peripherals, IOD/V experiments, 

propellant

Expanding
Building an ecosystem of 

functional satellite upgrades 

(plug’n’play peripherals)

• IOD/V

• In-orbit 

infrastructure

• Transportation

• InSPoC 

CAT ELSA-M RISE ERASE

InSPoC-1 InSPoC-2 InSPoC-3

InSPoC-4 ODYSSEY

ORUM PRELUDE

ASTRIS Space RiderRAVEN

Pilot Mission ISOS4I
In-Space Operations & Services 4 Infrastructure

Pre-cursor for continuous provision of on-

demand in-space services to the Space 

infrastructure

ESA involvement 

under discussion Shared In-Space Servicing Infrastructure
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Spacecraft Servicing Interfaces to enable the orbital economy

“For European strategic interest, the ISAM ecosystem shall not be ruled by a “winner takes all” 

approach but rather by an ecosystem of players providing unbundled services on an open market. 

Spacecraft Servicing Interfaces:

• Interfaces allowing interactions between spacecraft to Act in space: 

Rendezvous, Capture/Docking, Servicing, 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 

European stakeholders to operate and provide services in the orbital economy. 

Interconnections between spacecraft in the future orbital economy       

shall be performed with open universal / standard / interoperable 

interfaces allowing interactions between the spacecrafts                                                 

and allowing European companies to access the market. “

ESA ISAM Working Group – 2025 Report

“Collaborate on the Ecosystem. Then compete on the Market.”
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ESA Spacecraft Servicing Interfaces Taskforce
Objectives & key-results

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-chair: 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

 Refurbishment Squad: TEC-SF
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One-ESA Mapping of ISAM missions involving capture/docking
Modularity and interoperability framework for Rendezvous, Docking & Servicing 

PreparedUnprepared

Collaborative

Non-

collaborative

Target GNC collaboration

Target preparation 

(equipped of interfaces* or not)

In-space logistics (space-tugs)

and future in-orbit servicing

Deorbitation of inactive satellite

Active Debris Removal

Orbital relocation of existing spacecraft

* Modular 

rendezvous, 

docking & 

servicing 

interfaces for 

prepared 

spacecraft

None

Launcher Adapter Ring
Grappling/Capture 

interface for deorbiting
Grappling/Docking 

interface for tugging
+ “A la carte” features 

of servicing & refilling

Orbital Propellant Depots
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Spacecraft Servicing Interfaces | Architecture for Interoperability
Key takeaways and guidelines

• Ensure interoperability

• Ensure modularity & “à-la-carte” servicing

• Foster adoption while allowing innovation

• Foster commercialisation & market shaping

• 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

Overall SSI Interface Architecture Toolbox of couplers 

Interoperability & modularity framework

Roadmap to convergence
Modularity and innovation by feature Consolidate, converge, disseminate
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Active grappling & docking 

interface (open to innovation)

Passive gripping interface 

(converged & public IRD)

Power & Data ports

Grappling 

& docking

Interconnect

Refilling Fluidic coupling ports

Orbital Replacement UnitsRefurbishment
Way-forward

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

SSI – Focus on Rendezvous & GNC interfaces
Consolidation & Convergence on Zones, Proximity Comms & Navigation Aids

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Catalogue of Navigation Aids Consolidation

• Down-selection and 

performance improvement                 

of navigation aids

• Detectability & Trackability 

requirements on markers 

flowed-down from 

Servicers GNC

Convergence Standardisation

Inter-Satellites Link Antennas

Potential 

Architecture 

Configs

Convergence Roadmap

Toolbox

Rendezvous Zones Proximity Comms 

protocols & exchanges

Increase interoperability 

between Navigation Aids 

and Servicer Sensors

Location & type released

Open for innovation

Available upon 

request
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Universal Grappling Fixtures
Baseline 

(MICE)

Advanced logistics      

(UGF from InSPoC-1)

Grappling & docking

De-orbitation

High-thrust manoeuvres

Design & Demonstration CAT-IOD (S2P) InSPoC-1 (STS)

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

Active grappling & docking 

interface (open to innovation)

Passive gripping interface 

(converged & public IRD)

Grappling 

& docking

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Inter-Satellites Link Antennas

Potential 

Architecture 

Configs

Passive Grappling Fixture: Convergence & harmonisation. Public release.

Toolbox

+

SSI – Focus on Grappling & Docking
Passive Grappling Fixtures – Converged and Released with Open IRDs

Available upon 

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

SIROM-Pro Docking System 

from

Passive gripping interface 

(converged & public IRD)

Power & Data ports

Grappling 

& docking

Interconnect

Refilling Fluidic coupling ports

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Orbital Replacement UnitsRefurbishment

Inter-Satellites Link Antennas

Potential 

Architecture 

Configs

Toolbox

Interoperability is key

Compatibility with Active grappling & docking solutions

Example: Interoperability with SIROM-Pro Docking System from

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

SSI – Focus on Grappling & Docking
Interoperability with Active Docking Systems – Open to Innovation 



11

ESA UNCLASSIFIED - For ESA Official Use Only

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

Grappling & Docking System 

from 

Passive gripping interface 

(converged & public IRD)

Power & Data ports

Grappling 

& docking

Interconnect

Refilling Fluidic coupling ports

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Orbital Replacement UnitsRefurbishment

Inter-Satellites Link Antennas

Potential 

Architecture 

Configs

Toolbox

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

Interoperability is key

Compatibility with Active grappling & docking solutions

Example: Interoperability with Grappling & Docking Interface (GDI) from

SSI – Focus on Grappling & Docking
Interoperability with Active Docking Systems
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Target Spacecraft (Passive)Space-tug or Servicer (Active)

6 DoF Stewart platform

Crussader from

Passive gripping interface 

(converged & public IRD)

Grappling 

& docking

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Inter-Satellites Link Antennas

Potential 

Architecture 

Configs

Toolbox

Interface to be 

demonstrated in orbit 

with InSPoC-1 IOD in 2030

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

Servicer / Space-tug Customer Spacecraft

Design & demonstrate Interoperable Spacecraft Servicing Interfaces
InSPoC-1 In-orbit demonstration

Power & Data portsInterconnect

Refilling Fluidic coupling ports
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Servicer / Space-tug Customer Spacecraft

Interface to be 

demonstrated in orbit 

with InSPoC-1 IOD in 2030

Design & demonstrate Interoperable Spacecraft Servicing Interfaces
InSPoC-1 In-orbit demonstration
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Target Spacecraft (Passive)Space-tug or Servicer (Active)

Active grappling & docking 

interface (open to innovation)

Passive gripping interface 

(converged & public IRD)

Power & Data ports

Grappling 

& docking

Interconnect

Refilling Fluidic coupling ports

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Inter-Satellites Link Antennas

Potential 

Architecture 

Configs

Convergence Roadmap

Toolbox

Fluidic couplers under maturation Consolidation // Convergence
Standardisation

SSI Architecture IRD

+ Fluidic Couplers Requirements
“Market coalition” approach

Converge on shared fluidic couplers, 

non-proprietary designs, free of 

Export Control

Passive side:

Released for adoption

Active sides:

Open for innovation

Techno maturation 

+ In-orbit demonstrations

Consolidation of current 

fluidic-coupling solutions

…

tbc

SSI – Focus on Fluidic Couplers
A Market Coalition Approach to Converge on Open Passive Sides
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Target Spacecraft (Passive)Space-tug or Servicer (Active)

RefillingPotential 

Architecture 

Configs

Toolbox

Standardisation

Passive side:

Released for adoption

Active sides:

Open for innovation

tbc

Cryogenic 

coupling ports

Concurrent & collaborative engineering for 

cryogenic couplers

Within InSPoC-2

SSI – Focus on Cryogenic Fluidic Couplers
Collaborative Engineering within InSPoC-2 for shared passive sides
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Target Spacecraft (Passive)Space-tug or Servicer (Active)

Active grappling & docking 

interface (open to innovation)

Passive gripping interface 

(converged & public IRD)

Power & Data ports

Grappling 

& docking

Interconnect

Refilling Fluidic coupling ports

Navigation Aids

Rendezvous 

GNC
Navigation Sensors 

(open to innovation)

Orbital Replacement UnitsRefurbishment

Inter-Satellites Link Antennas
Potential 

Architecture 

Configs

Convergence Roadmap

Toolbox

SSI – Focus on Power & Data Ports
From modular System Interconnect to simple Power & Data Ports
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Deploying SSI within the European In-Space Ecosystem
Main lines of actions for Interoperability & shared interfaces

OPS
Enabler for In-Orbit Services 

capabilities & interfaces

STS
Enabler for In-Orbit Logistics 

capabilities & interfaces

ISAM Enablers

ISAM Users

HRE
User of IOL/IOS for 

Exploration missions

Tier-1 SSI Supplier

3

2

1

Integrators & Operators 

of Customer Spacecraft
4

Integrators & Operators 

of Servicers / Space-tugs 
3

CSC
User of IOL/IOS for 

SatCom & Datacenters

NAV
User of IOL/IOS for 

Navigation satellites

CSC
User of IOL/IOS for 

Observation satellites

TEC
Support Technology 

Maturation

CIP
Ensures Market Shaping 

for ISAM 

Implements ISOS 

Pilot Missions

Enforce ISAM rules 

& standardisation

EDF: Support 

development of 

Defence projects

Support companies 

developing national 

projects

European Commission National Space Agencies

2

3

Shape next generation of spacecraft

Passive interfacesActive interfaces

ESA x EC collaboration European synergies

Techno Maturation

De-risking

IODs & missions

ISOS Projects & Pilot Mission

SSI 

Standard

Cross-directorates 

ISAM coordination

1

2

3

4

One-ESA: ISAM Working Group & SSI Taskforce

EC x ESA collaboration on ISOS interfaces 

+ European coordinated deployment

Demand / Adoption: Foster paradigm shift & adoption

Offer / Development: Demonstrate capabilities & interfaces

Done

On-going

On-going

Next
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ESA Spacecraft Servicing Interfaces Taskforce 
Consolidation and Deployment of Interoperable Interfaces to Act in Space

ISAM Ecosystem

SSI Components

Toolbox

SSI Architecture

Q1 2026 Q2 2026 Q3 2026 Q4 2026 2030

Mapping of ISAM use-cases 

Consolidation of SSI Requirements

Release of SSI 

Architecture

Capabilities & SSI 

Demonstrations

European Alignment

& Deployment

Capabilities & SSI IODs by ESA In-Space Missions

Integration in ISOS Pilot Mission

SSI Evolutions with Standardisation Body

Demonstrated SSI

Consolidation & Convergence on SSI Components

Capabilities & SSI 

RequirementsN
e
e

d
s
 a

n
a

ly
s
is

S
o

lu
ti
o

n
 d

e
s
ig

n

Capabilities and needs

Design drivers

SSI Interoperability architecture

Synergies with national in-space projects

S

S

I 

T

a

s

k

f

o

r

c

e

Proximity Communication

Toolbox of converged 

components, 

Passive sides shared 

with open IRDs Rendezvous GNC Aids & Sensors

Grappling & Docking Fixtures & Devices  

Power & Data Ports

Fluidic Couplers

Mapping 

with Users’ directorates

Set of 

requirements

Interoperability 

architecture

State-of-the-art and 

convergence roadmap

Lead In-Space 

Programmes

: In collaboration with ISAM Club
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Join the Club to steer the future

 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!


