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1. INTRODUCTION  

This paper presents specific guidelines for the applicants to topic COMPET-4-2016 

(Space Robotics), to be implemented through a Strategic Research Cluster (SRC).
1
 

These guidelines are intended to assist applicants in preparing their proposals in the 

context of the Strategic Research Cluster. The supporting document provides indicative 

guidance for the applicants, in order to optimally align their proposals to the Strategic 

Research Cluster objectives. 

The distinct nature of these projects responds to the demand inserted in the Specific 

Programme for H2020 (Council Decision 2013/743/EU) that [The implementation will, 

where appropriate, be based on strategic research agendas developed in consultation with 

the Member States and National Space Agencies, ESA, stakeholders from European 

space industry (including SMEs), academia, technology institutes and the Space 

Advisory Group].  

SRCs will be implemented through a system of grants connected among them and 

consisting of: 

1) “Programme Support Activity” (PSA): The main role of this PSA is to elaborate a 

roadmap and implementation plan for the whole SRC (referred to hereafter as the 

SRC roadmap) and provide advice on the calls for operational grants. In 2014 

interested consortia are invited to apply for one PSA grant for each of the identified 

SRCs: “In-space electrical propulsion and Station keeping” and “Space Robotics 

Technologies”. The PSA is also expected to contribute to the assessment of the 

evolution (and results) of operational grants. 

2) Operational grants: In future work programmes (2016 and beyond), and on the 

basis of this SRC roadmap and the PSA advice for the calls, the Commission is 

expected to publish calls for “operational grants”. The work programmes will 

determine whether they will be considered research and innovation grants (100%) or 

innovation grants (70%). The operational grants will address different technological 

challenges identified in the roadmap. The objective of this system of grants is that the 

expected results of each individual grant would, when taken together, achieve the 

overall objective of the SRC.  

Each individual grant within the SRC (either the PSA or operational grants) will follow 

the general principles of H2020 in terms of proposals, evaluation, selection process and 

legal obligations. However, to ensure the effectiveness of the SRC’s operation overall, 

some specific provisions are necessary.  

 

                                                 
1
 The work programme contains a reference to a set of specific guidelines for applicants which are those 

developed here. However, these guidelines as to be understood as guidance and do not supersede (or 

derogate from) the legal obligations contained in the work programme and basic legal texts for H2020. 
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2. OVERVIEW OF THE SRC ON SPACE ROBOTICS 

2.1. Objectives of the document 

This document, prepared by the Programme Support Activity (PSA) PERASPERA, 

contains the high level description of work, in terms of goals and achievements, for the 

purpose of guiding potential applicants and evaluation experts. 

A more detailed version of the document, containing programmatic elements (milestones,  

interdependency among SRC activities) and the suggested specification of expected 

deliverables for each of the Operational Grants is available at PRSPR-ESA-T3.1-TN-

D3.1-Compendium of SRC activities (for call 1).pdf.  

2.2. The roadmap of the SRC  

The Strategic Cluster on Space Robotics Technologies follows a roadmap (see Master 

Plan of SRC activities) structured along three “tracks” of development: 

 An orbital robotics track: aiming at the maturation of technologies for the specific 

subject and ending with the detailed definition of a demonstration mission (for the 

2023-2024 framework) 

 A planetary robotics track: aiming at the maturation of technologies for the 

specific subject and ending with the execution of large scale field tests 

 A common building blocks track: that aims at the maturation of technologies 

usable for both planetary and orbital track.  

 

 

Figure 1: Representation of the roadmap showing the 3 different tracks and how they may relate 

to each other. The representation is just exemplar and number and connectivity of the Operational 

Grants are not factual 

 

http://robotics.estec.esa.int/h2020-peraspera/sites/default/files/PRSPR-ESA-T3.1-TN-D3.1-Compendium%20of%20SRC%20activities%20(for%20call%201).pdf
http://robotics.estec.esa.int/h2020-peraspera/sites/default/files/PRSPR-ESA-T3.1-TN-D3.1-Compendium%20of%20SRC%20activities%20(for%20call%201).pdf
http://robotics.estec.esa.int/h2020-peraspera/sites/default/files/D3%204-PRSPR-ESA-T3%201-TN-D3%204-Master%20Plan%20of%20SRC%20activities-V1.8.pdf
http://robotics.estec.esa.int/h2020-peraspera/sites/default/files/D3%204-PRSPR-ESA-T3%201-TN-D3%204-Master%20Plan%20of%20SRC%20activities-V1.8.pdf
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The 2016 Call will focus on the challenge of designing, manufacturing and testing of 

reliable and high performance common robotic building blocks for operation in space 

environments (orbital and/or planetary).  

These blocks shall be: 

 Designed to be used in the multiple end goals of the SRC (demonstrations of on-

orbit satellite servicing and planetary surface exploration).  

 Also be usable to the wide European space robotics goals 

 Account for spinning-off and spill over effects to other areas of robotic activity on 

Earth (such as automotive or underwater).  

These common building blocks, although developed in separate Operational Grants (OG) 

will need to have common interfaces and demonstrate ability to be integrated together. 

This document provides, together with the description of the building blocks, the 

approach to follow in order to achieve interoperability and integration. 

3. SYSTEM INTEGRATION AND COMMON WORK LOGIC 

This chapter provides a description on how the different Operational Grants (OGs), each 

addressing a specific challenge, will interact with each other. 

It first addresses the final integration of the Deliverables of the different OGs in a single 

system supporting the demonstration of space robotics. 

In a second sub-chapter the common work logic, the milestones and cross-deliverables 

that need to be implemented among the different OGs are illustrated. 

3.1. System Integration 

  

 

Figure 2: Overview of how the outputs of the different OGs integrate according to two points of 

view. Left: robots interact with their environment following the sense-plan-react cycle. Right: the 

outputs of OGs will be integrated into 2 types of demonstrators, one addressing orbital robotics 

applications and one addressing planetary robotics. 
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The OGs will produce outputs that will contribute to an overall system. The final 

integration of all OG outputs into this overall system will not be achieved within the 

scope of the present OGs. This integration will be performed in a second stage of the 

SRC. 

How the OGs output will integrate is represented with two alternative views. In the 

“sense-plan-react cycle” view (left) it can be seen that the output of OG1, the Robot 

Control Operating System (RCOS) is at the centre and base of all other software 

elements. The output of OG2, will produce the plan-and-react function, the output of 

OG3, will produce the “sense” function. The output of OG4 will produce a suite of 

perception means that will feed the “sense” function. The output of OG 5 will produce 

the generic physical interfaces that will allow robots to interact with man-made objects. 

Finally OG6 will provide the embodiment opportunity for all software related OGs, the 

possibility to integrate the outputs of all OGs and the demonstration scenarios. 

The “demonstrator view” (right) shows that OG6 will provide the two demonstration 

platforms and scenarios for all other OGs. In particular it will allow to accommodate the 

software produced in the On-Board Computers (OBC) of rover and robotics spacecraft 

and the perception means and mechanical robot interfaces on the manipulators and ORUs 

of the two demonstration platforms. 

Even though the integration of OG outputs is in the future, all OGs need to interact in 

order to prepare for the future integration. The interaction among OGs will be based on: 

 Cross delivery of interface specifications  

 Cross delivery of preliminary/final outputs  

 Integration and demonstration of the final outputs of OGs in common test 

platforms 

Each OG Consortium is expected to nominate an “interface engineer” in order to 

coordinate establishment and maintenance of interface specifications with other OGs. 

Figure 3 provides an overview of the exchange of specifications and outputs. 

 

Figure 3: The main outputs that OGs exchange, for clarity not all exchanges between OGs are drawn 
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3.2. Common work logic 

This chapter provides an overview of how the different OGs will interact in terms of 

timing and coordination efforts. 

In general the mechanisms of coordination of the OGs are ruled by the Collaboration 

Agreement (CA) that is made applicable to all Consortia undertaking the OGs. 

The coordination activities are illustrated in Figure 4: Integrated work logic 

. The main coordination effort of the OGs is  

 in attending common workshops in which interface specifications are agreed and 

verified 

 in maintaining/harmonising the agreed interface specifications along the 

development of the OGs in a common repository 

 in demonstrating the OG results in common test platforms (provided by OG6) 

Figure 4: Integrated work logic 
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3.3. Common Demonstration Scenarios 

The approach to verification and validation of OG products has two stages: 

 Each OG is required to create tests and test means to support independent 

verification and validation of the OG products in isolation from the other OGs. 

 Each OG is required to undergo verification and validation tests on high quality 

common test platforms provided by OG6, which will provide the ultimate proof 

of the good working of each OG product. These platforms are designed to 

represent two demonstration scenarios 

The demonstration scenarios address the Planetary and Orbital tracks of the SRC 

roadmap (see Master Plan of SRC activities), while also supporting the validation of the OGs. 

When operated in the common test platforms, the OG products will not be required to 

integrate in a system fully representative of the reference scenarios.  The integration will 

be limited to the extent necessary to prove good working of each OG product. 

3.3.1.  Planetary track demonstration scenario 

The planetary demonstration scenario final goal is to verify and validate the hardware 

and software products, developed in each OG in a representative planetary environment.  

The scenario targets the concept of Martian Long Range Autonomous Scientist with 

the demonstration of highly autonomous technologies that will allow future Martian 

rovers to roam across the vast extents of the Martian surface and return autonomously 

detected science, compatible with the limited energy and telecommunication budgets 

associated to Martian missions. 

The Martian Long Range Autonomous Scientist consists of a planetary exploration 

rover roaming autonomously across the vast extents of the Martian/Lunar surface with 

very efficient self-localization and navigation capabilities. The rover must autonomously 

traverse daily long distances (over 1 km) without communicating with the ground and 

achieve its goal with very good localization accuracy to prepare future sample return 

mission (where the rover will have to be able to go back to the lander to transfer the 

sample for analysis for instance). 

During its mission, the rover must: 

1. Depart from a landing spacecraft. 

2. Reach towards another planetary asset several kilometres away 

3. Perform autonomous science while traversing: this action focus in the capacity of 

returning autonomously detected science in some opportunistic fashion. This new 

concept requires planning (and re-planning) capabilities, in addition to the ability to 

perform in-situ experiments and analyse the results.  

4. Rendezvous with the other planetary asset and achieve a final relative configuration 

that is compatible with the transfer of the module/sample to the desired destination by 

a manipulator arm.  

 

The opportunities offered by the demonstration scenario are: 

 long daily traverses (1 km range) autonomously. 

 Autonomous Navigation involving Visual / Time Of Flight cameras and 

featuring data fusion to enhance modelling performances  

http://robotics.estec.esa.int/h2020-peraspera/sites/default/files/D3%204-PRSPR-ESA-T3%201-TN-D3%204-Master%20Plan%20of%20SRC%20activities-V1.8.pdf
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 Map building/Path planning in accordance with on-board resources  

 Relative localization using data fusion must satisfy high accuracy requirements  

 Landmark tracking achieved at various ranges (up to 100 m)  

 Efficient Decision & Executive layer (adaptive execution)  

 Rendezvous between two planetary assets  

 Fine relative positioning compatible with module  

 Module/sample handling and storage by manipulator arm with standard 

interfaces  

 In-situ experiments/handling with decision making capabilities at different 

levels of autonomy  

 Opportunistic science: Autonomous detection of scientific interesting sites, task 

planning and execution of science activities  

 

  
Figure 5: Planetary track demonstration scenarios examples 

 

3.3.2. Orbital track demonstration scenario 

The demonstration scenario covers most aspects for on orbit servicing applications in 

future missions through the concept of ModSatServicing. 

 “ModSatServicing” consists of a model of small standard satellite platform in LEO, 

equipped with active payload modules (APM). The APMs are connected to the platform 

(and the satellite bus) via a standardized interface, which supports mechanical, electrical 

and thermal connection as well as data transfer to other modules and the platform. The 

APMs can be arbitrary payload (elements), exchangeable subsystems (e.g. special 

processing units), tools, mechanisms (for replacement of the module on-board) etc.  

In the scenario, following debris impact, an APM on-board a target spacecraft has been 

damaged and a replacement is necessary. An external servicer spacecraft with 

manipulator is required to exchange the APM using a proper end-effector. The servicer 

must be equipped with suitable rendezvous and near-field sensors in order to perform the 

required exchange of modules. The module is transferred between the servicer and the 

target with the manipulator while the target spacecraft is latched to the servicer 

spacecraft. After completion of the exchange task by the servicer, the target can continue 

operation. 
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The opportunities offered by the demonstration scenario are: 

 Distributed data handling/processing by the plugged APMs and the system bus via 

standard interfaces  

 Rendezvous and capturing of cooperative/uncooperative target spacecraft 

o Close perception for a rendezvous operation (20m): 3D spacecraft 

reconstruction, pose estimation, relative positioning and movement etc.  

o Close range autonomous rendezvous operation with different levels of 

autonomy and collision avoidance, perform inspection task on the “target 

satellite”  

o Docking/interlock mechanism/end effector/grasping  

o Exchange of payload module and reconfiguration of the target system 

o Payload exchange: Replace defect APMs and addition of at least one APM 

with function by using the standard interface and a dedicated end-effector 

with data transfer capability   

o Re-configuration of target spacecraft due to addition of new APM  

 

Figure 6: Orbital track demonstration scenario example Platform (target satellite) performs on-

board experiment with equipped APMs 

  



 

10 

TECHNICAL ANNEX 

A - DELIVERABLE DESCRIPTION FOR THE SPACE ROBOT 

CONTROL OPERATING SYSTEM (OG1) 

The challenge is to realise an open source space robot control operating system (RCOS) 

that can provide adequate features and performance with space-grade Reliability, 

Availability, Maintainability and Safety (RAMS) properties. 

 

Envelope: RCOS are needed to control any robot/spacecraft systems whether for orbital 

or planetary applications, for all phases and modes of the mission. Terrestrial RCOS are 

divided between proprietary systems, developed by industrial robot companies, and 

“university lab” ones. The first ones are not usable for space robotics because of IPR 

incompatible with space development, the second do not have sufficient RAMS 

properties. Hence a specific RCOS for space is required. 

 

The output will be used in all SRC follow-on OGs. Furthermore the very high standards 

of RAMS sought by this topic will certainly make it usable in future full-fledged space 

robotics missions. 

 

There are two classes of deliverables to be produced: 

 The RCOS system 

 2 reference implementations of space robot controller for the demonstration of 

the orbital and planetary robotics scenarios as defined in at §0. 

 

The RCOS system is made of: 

 RCOS target: a software system that support the creation of robot controllers 

execution of robot control applications by providing: 

1. hardware abstraction 

2. low-level device control 

3. scheduling of hard/soft real-time tasks 

4. communication and synchronisation between tasks 

5. run-mode/run-level/runtime-configuration management and monitoring 

6. Fault Detection, Isolation and Safing/Recovery 

7. filesystem access and filesystem management 

8. networking 

9. consistent data types across communication, networking and file system 

operation 

10. logging/telemetry generation and command processing 

11. Application Programming Interface for all the above functions 

 

 RCOS development and validation system (RDEV):  a system of software 

programmes that allows to: 

1. Develop robot control applications within the RCOS target 

2. Test robot control applications within the RCOS target 

3. Maintain the robot control applications within the RCOS target 

4. Validate the robot control applications within the RCOS target by 

characterising its Reliability, Availability and Safety 
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Figure 7 provides a schematic of an RCOS Target fitted with a robot control application 

produces a robot controller. 

 
 

 

Figure 7: RCOS Target fitted with robot control application software 

 An RCOS Target is intended to be available in three levels of quality: 

 Lab quality: this level will be characterised by 

o Easier development of robot controllers 

o Best-effort reliability, availability and safety of the produced controller 

 Hi-Rel quality 

o More laborious development of robot controller 

o High reliability, availability and safety of the produced controller 

 Space quality 

o More laborious development of robot controller 

o Adherence to space standards 

o Top reliability, availability and safety of the produced controller 

The RDEV is intended to support all levels of quality. 

RCOS system shall be the base for the production of two reference implementations of 

space robot controller. The reference implementations shall address the two scenarios 

presented at §0. 

 

B - DELIVERABLE DESCRIPTION FOR THE AUTONOMY 

FRAMEWORK: TIME/SPACE/RESOURCES PLANNING AND 

SCHEDULING (OG2) 

The challenge is to realise a software framework for the development of highly 

autonomous space robotics missions. In these a robot system, given a high level goal, 

will (re)plan, schedule and oversee the execution of elementary actions to attain the goal, 

considering Time/ Space/Resources constraints. 

 

Envelope: Planning/scheduling capabilities to decompose high level commands into sub-

tasks; resource management to fulfil in a dynamic way the high level mission/goals; 
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Fault management with reconfiguration capability; Interaction management with other 

robotic systems to allow cooperation and tasks sharing, guidance, navigation and control 

to attain execution.  

Impact: Space robots (especially the planetary ones, but not only) require autonomy to 

cope with the inability to communicate to the Earth. The result of this OG will be used 

heavily in the planetary track of the SRC, and possibly also in terrestrial applications 

needing autonomy. 

 

Definition: The Autonomy Framework (AF) sits at the heart of robotic platforms used in 

both orbital servicing and planetary exploration scenarios and is the core system 

responsible for decision-making and the necessary planning to execute those decisions. 

The flexibility and varying levels of Autonomy possessed by the AF may have a 

significant impact upon the mission scope in both Orbital and Planetary tracks. 

 

The Autonomy Framework refers to the robotic architecture responsible for:  

 interpretation of data collated and integrated by the constituent parts of the platform 

equipment relating to the situation, status and performance of the platform 

 taking decisions based upon that integrated information 

 executing tactical decisions that will implement the best possible course of navigation 

or action relative to the situation of the platform 

 executing decisions that will assist the platform to achieve its strategic mission 

objectives 

 collating information gleaned from health monitoring, system performance, resource 

usage and power consumption in order to align GNC with resource availability. 

 

In orbital scenarios, the AF will use the situational assessment of the spacecraft in 

relation to cooperative, uncooperative and/or hazardous objects, and then delivering 

pertinent commands to deal with/interact, remove, avoid or rendezvous with the object in 

question. The decisions must be scheduled and organised where necessary tasks that are 

prioritised according to the robot’s situation and state. These decisions are then ratified or 

overridden by the human operator at the ground station accordingly. 

 

In Planetary Exploration scenarios, the AF will create a semantic model of its 

environment, describing the understanding of the rover’s situation with respect to 

surface-level hazards, objects, terrain and sites of interest in order to (re)plan optimum 

navigational paths. The AF also must understand levels of resource consumption, system 

health and performance in order to take the best possible course of action. 

 

In both scenarios, some flexibility and adjustability with respect to the level of platform 

autonomy is desirable. The autonomy of the platform will need to be adjustable 

depending on the complexity of the robotic operation (tele-presence, tele-manipulation, 

semi-autonomy, full autonomy) and be capable of interfacing to an operator for 

monitoring, as well as for  supporting operators’ decision  through visual/navigational 

aids when remote-controlling robots. Similarly, if the AF and other systems are 

demonstrating a consistent and robust level of performance, the autonomy levels can be 

increased. 

 

As well as adjustable autonomy for the achievement of strategic mission objectives, 

platforms must be capable of immediate course-correction or manipulation of impending 

hazards in order to protect itself in certain scenarios, as waiting for human verification 

could result in catastrophe. Reflexive behaviours are realisations of the sense/plan/react 

controls that are “predefined” rather than “deliberated”; in effect, this is an automated 
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process that occurs in certain instances: for example, if a walking rover steps upon a 

disguised hole, it may recoil from placing its entire weight upon the hole. 
 

Definitions and Deliverable Tree 

AF Architecture: Functional, Executive and Decision Layers 

 

The AF must assess the platform situation with respect to its environment by using the 

internal 3D-model of it provided by the Common Data Fusion Framework (CDFF). It 

must then plan accordingly and execute the decisions taken. It must manage the varying 

levels of complexity encountered during operational use. As a result, orbital spacecraft 

and planetary rovers demonstrating autonomous (decision-making) capability require 

concurrent and embedded real-time performance in managing this complexity. The 

Autonomy Framework comprises a system and toolset that enables the robot to achieve 

its high level goals. 

 

Concurrent and embedded performance is conventionally achieved via the layering of 

different autonomous computational processes, allowing the high-level deliberative 

computations to be separated out from low-level functional behaviours, triggered 

reactively by the robot’s interaction with its environment.  

 

The separation of these computational processes results in a layered system that uses a 

three-tiered approach: 

 

The Functional Layer 

The Functional Layer is responsible for controlling the robot’s on-board capabilities. It 

uses an object-oriented hierarchy capturing the granularity of the system, where 

individual objects represent the equipment, systems and instrumentation responsible for 

robotic capabilities such as movement, sensing, manipulation, etc. Each object interacts 

with the functional layer via its own communications module, a piece of software 

relating to that object. The commands issued to activate these individual modules are 

activated by the next layer.  

 

The Executive Layer 

The Executive Layer provides the interface between the lower Functional Layer and the 

higher Decision Layer, the latter of which provides it with sequences of actions to be 

executed. As such, it does not possess any planning capability and is purely reactive. 

Once in receipt of the sequence of actions, it controls and coordinates the execution of 

the functions distributed in the object modules. The Executive Layer also ensures that all 

requests made of the Functional Layer remain consistent with the permitted states of the 

overall system, as delineated by the RCOS. 

 

The Decision Layer 

The Decision Layer is in charge of all the processes requiring anticipation, or “thought”, 

as well as a global knowledge of the high level goals and the execution content. It 

embeds the deliberative capacities of planning and decision-making. In contrast with the 

lower layers, the Decision Layer is both event and goal driven; it creates plans 

comprising conditional sequencing of actions aligned to mission objectives.  

 

The Decision Layer is also a supervisor to the performance of the platform as well as 

itself, and can use runtime data of on-going performance of systems and subsystems to 
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assess the viability of future tasks, and will reappropriate decisions and tasks 

accordingly. 
 

 
Figure 8 - Diagram showing the Layered Autonomy Framework working in relation to the other 

OGs interfacing with it. 

 

1. The AF provides functionalities enabling the following capabilities: 

a. Guidance, Navigation and Control (GNC) 

b. Use of on-board instrumentation and equipment for tactical and/or 

strategic means 

c. Inspection of environmental objects and landmarks of interest 

d. Performance optimisation 

e. Opportunistic / autonomous science 

 

2. The AF determines and executes the optimum course of action required to 

successfully achieve the goals compatibly with environmental models provided 

by the CDFF.  

 

3. The AF can be discriminatory. It can: 

a. Request specific slices of data from specific sensors 

b. Request a specific piece of fused data from the CDFF 

c. Reject data if it is deemed to be unneeded 

d. Override decisions if deemed inconsistent with the platform’s permitted 

states 

 

4. The AF is common to both orbital and planetary tracks. It will: 

a. Relate to the varying instrumentation required on both orbital spacecraft 

and planetary rovers 
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b. Enable orbital spacecraft and planetary rovers to adhere to mission 

parameters to achieve strategic goals 

 

5. The Autonomy Framework must be designed to be compatible with space-

qualified processors, sensors and instrumentation given the limitations in 

computational power, energy and memory enforced by space. 

C - DELIVERABLE DESCRIPTIONS FOR COMMON DATA 

FUSION FRAMEWORK (OG3) 

The challenge is the development of a software framework implementing data fusion 

techniques for various sensors such as LIDAR, Imagers, radar, sonar, IMUs, sun sensors, 

etc. 

 

Envelope: Localisation of robots in natural and man-made environments, 

geometrical/topological reconstruction of environment, map making  

 

Impact: Robots need to perceive their environment and to understand where they are with 

respect to their operational goals. No single sensor can convey reliably localisation and 

mapping information in all conditions of space. The expected data fusion framework will 

allow navigation/localisation and map making applications for robots whether in space or 

planetary surfaces while coping with the performance and reliability issues of sensors 

 

Definition: Data fusion is a multi-level process that consists in the combination of data 

from multiple sensors with addition of information from relevant data bases to achieve 

improved accuracy and more robust inferences than what would be achievable using a 

single sensor or a single type of sensor. Data fusion is also the means to build more 

global information on the environment.  

 

The scope of the common data fusion framework (CDFF) to be developed includes the 

functionalities of Perception and Navigation applicable to robotic systems in both 

Orbital and Planetary tracks. These functionalities are further defined hereafter: 

Perception: This term refers to all sensor data processing involved in the following 

activities: 

 convert raw data into refined measurements,  

 extract or track features from dense data sets (images, point clouds) 

 detect and identify or track an object from a set of features 

 build a 3D model of the environment, 

 perform a characterization of the environment (i.e. build a map) 

The perception goal is to provide inputs to the navigation function or directly to an 

external user (on-board decision layer or human operator). 

Navigation: This term corresponds here to the N letter in the GNC acronym 

intensively used in the aerospace domain. In this context, the navigation function 

intends to provide the geometric/kinematic/dynamic state of a machine with respect 

to a reference frame (e.g. inertial frame) or its local environment through an 

estimation process that relies on a combination of processed data coming from 

absolute and/or relative sensors and a priori information (models of the environment, 

the motion physics, the sensors and actuators hardware). This type of functionality 

can be extended to delivering the states of several machines in case the robotic 

system is composed of multiple mobile agents. 
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The CDFF does not: 

 assess the current situation with respect to the task goals and constraints 

 determine the machine path to be followed (path planning) in nominal or 

degraded cases 

 

The CDFF scope covers data fusion approaches that are already present in space 

applications where the navigation is processing data from several sources such as 

attitude, angular rate, acceleration, relative 2D / 3D measurements in order to reconstruct 

the state of the vehicle (ex: orbital rendezvous). Here, the fusion architecture can be 

either hierarchical with separated position and attitude filters or centralized will all date 

fused within a single filter. Most of the time, relative measurements are provided by a 

single metrology system (ex: stereo camera of a planetary rover) or by several sensors 

with different range and accuracy to constitute a multi-stage metrology suite (relative 

sensors for future formation flying missions).  For localization purposes, the fusion is 

then performed at the navigation level by filtering the different measurements with their 

respective figure of merits.  

 

The CDFF shall also address a larger scope by considering the following situations: 

 multiple sensors of different types observe simultaneously the same part of the 

environment and provide complementary information (ex: data from imager and 

LIDAR) that can be combined to offer some enhanced perception, 

 successive observations of a scene are performed from different points of view by 

single / multiple sensor(s) and allow by merging the reconstruction of a global 

environment model,     

 some a priori environment knowledge is available (maps, CAD models) and can 

be merged with local sensor data to enable absolute localization or “object” 

identification through pattern matching 

These situations that involve some data fusion process at the perception level will also 

require the combination of additional sensor data as mentioned in the previous paragraph.  

 

The CDFF consists in perception and navigation services and therefore is not in charge of 

data acquisition management.  It is assumed that the interaction with the various sensors 

is performed by external agents within the Robot Executive framework.  

 

The CDFF set of services can be assembled to perform specific functionalities or 

behaviours through configuration commands 
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Figure 9: CDFF elemental functions, CDFF inputs and outputs 

For Orbital scenarios, the CDFF main tasks consist in performing the detection, tracking 

and relative pose estimation of cooperative / uncooperative /hazardous objects. In 

addition, the CDFF has the capability of reconstructing the objects 3D model by the 

incremental association of 2D/3D data acquired from multiple points of view.  These 

different capabilities are involved in the following activities: rendezvous, inspection, 

capture /docking and satellite servicing. The information produced by the CDFF is 

required for situation assessment, motion planning and motion control.   

  

For Planetary scenarios, the CDFF main tasks include the incremental construction of the 

terrain 3D model and the localization of the rover(s) / manipulators(s) with respect to 

both the natural environment and planetary assets. Localization can rely on data acquired 

by the rover(s) and regional maps provided by aerial or orbital means. The CDFF has the 

capability to detect, track and estimate the relative position/pose of objects that either 

structured (planetary assets) or unstructured (i.e. landmarks).  The CDFF is also capable 

to build and update symbolic and compact representations of the environment such as 

maps of obstacle profiles.    

  

For both scenarios, the CDFF has the capability to detect anomaly situations (sensor 

misbehaviour / failure, appearance of unexpected objects in the robot vicinity).  In 

addition, the CDFF is capable to operate in a multi-robot context and manage sensory 

data from multiple robotic agents. 

 

Definitions and Deliverable Tree 

1. The common data fusion framework (CDFF) concerns the following functionalities: 

 detection and identification of objects in the environment 

 localisation (i.e. spatial state including position, attitude and rates)  

o with respect to structured objects 

o with respect to unstructured objects 

 reconstruction of the environment geometry 

 map building or scene interpretation 

 

2. The fusion process can deal with data that are: 

o complementary (information from the input sources represents different parts of 

the scene and is used to obtain more complete global information),  
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o redundant (two or more input sources provide information about the same target 

which allows to increase the confidence of the fused data in the overlapping 

region) and  

o cooperative (data from different type of sensors are combined into new 

information that is more complex than the original information – ex : texture plus 

range). 

 

The different data evoked here-above can be gathered by a single or multiple agents 

 

3. The common data fusion framework (CDFF) is made of: 

 a suite of algorithms that allow to combine data from multiple sources (possibly 

distributed on multiple agents) and at different processing levels: 

o low level : raw data as obtained directly from the sensors (i.e. matrix of 

pixels,   

o medium level : characteristics such as object features obtained by image 

or point cloud processing 

o high level : identifier, pose of a tracked object, ..   

o multiple levels : association of data from the previous levels 

 a complementary suite of algorithms that intervene in the perception, navigation, 

map building tasks before or after the fusion 

 algorithms to reject false measurements or remove outliers in detected features   

 

4. The CDFF is generic: 

 it includes a set of fusion techniques that are applicable to both orbital and 

planetary tracks 

 its architecture is compatible with the future adjunction of sensors and techniques 

that are specific to the orbital and planetary tracks  

 

However two specific reference implementations, one targeting the planetary 

scenario and one targeting the orbital scenario, shall be produced 

 

5. The CDFF shall process data from the sensors identified at OG4 

 

6. The CDFF is optimized to be compatible with the limited resources of the space 

qualified processors (memory, computing power)  

 

7. The CDFF is compatible by design with the following architectures : 

 centralized architecture (default implementation) 

 distributed architecture involving a central computer and dedicated FPGA(s)   
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Figure 10: schematic overview of the CDFF 

D - DELIVERABLE DESCRIPTIONS FOR THE INSPECTION 

SENSOR SUITE (OG4) 

The challenge is to realise a suite of perception sensors that allow localisation and map 

making for robotic inspection of orbital assets (under space representative conditions) 

and for planetary surface exploration. 

 

Envelope: Identification of sensors (e.g. Imaging sensors for inspection operations, stereo 

imaging sensors, zoom cameras for inspection and proximity operations, infrared sensors, 

imaging radar, lidar, illumination integrated solution considering data processing) 

realisation of common interfaces for data provision, mechanical and electrical 

integration. 

 

Definition: Inspection Sensor Suite (INSES) is a set of state-of-the-art and high-quality 

exteroceptive and proprioceptive sensors aimed to provide basic information on the 

operational scenario to the higher level of the robot system, such as Autonomy and 

Common Data Fusion Framework (CDFF). The information provided by INSES shall be 

suitable for sensing and inspection purpose (orbital robotics and planetary exploration 

operational scenarios).  

The sensors in the INSES shall provide common interfaces for data provision, 

mechanical and electrical integration. 

Each sensor module shall be able to perform low level data preprocessing (if required 

from Autonomy and/or CDFF), and shall include the software module needed to interface 

properly physical part of the sensor and to send/receive data and commands from Robot 

Control Operating System (RCOS) components. 

INSES shall be implemented with high modularity and flexibility in order to allow the 

sensor suite sub-set re-configuration. Each sensor unit shall be designed to be self-

consistent with unified interfaces in order to be added/removed easly, without affecting 

the overall system functionality (plug-in like concept). 

 

Definitions and Deliverable Tree 

The Inspection Sensor Suite (INSES) is a set of perception sensors collecting data 

needed by CDFF in order to perform: 

 detection and identification of objects and/or markers in the operational 

environment 

 localisation (i.e. spatial state including position, attitude and rates)  
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o with respect to structured operational environment 

o with respect to unstructured operational environment 

 reconstruction of the environment geometry 

 map building or scene interpretation 

 

INSES shall also include specific scientific instruments to investigate the objects and 

environment around an autonomous vehicle moving on a planetary surface, for the 

purpose of exercising autonomous science. 

 

The sensors in INSES shall implement unified mechanical, data and power interfaces. All 

sensors in the suite shall have state-of-the art calibration and re-calibration means to 

recover any drift occurring while in use. 

The suite shall be also compliant to space-specific constraints of low mass, small volume 

and low power consumption. 

 

INSES shall provide two reference implementations of the suite: one for the orbital 

scenario and one for the planetary scenario. 

 

Orbital applications involve on-orbit operations of both cooperative and uncooperative 

spacecraft covering for the phases of RVD, capture and spacecraft/payload manipulation. 

 

Planetary applications involve locomotion, manipulation and natural samples (including 

terrain) and scientific analysis (all involving uncooperative subjects) as well as docking 

with other planetary assets and manipulation of man-made objects (cooperative subjects). 

 

Considering cooperative scenarios, each reference implementation of the INSES shall 

include also optical markers, retro-reflectors and/or LEDs mounted on the target, with the 

aim of helping its identification. 

 

In detail, the reference implementations of the INSES shall include at least the following 

instruments on board of the robotic vehicle or spacecraft: 

 

Exteroceptive sensors  

 Stereo Camera imaging systems (visible and thermal infrared bands), equipped 

with tilt/pan functionalities, operating in the visible light band; the cameras 

should comprise an automatic exposure procedure in order to cope with rapidly 

changing light conditions; since in space applications the acquired scenes often 

are affected by a high light contrast, the employed sensors should exhibit a high 

dynamical range; 

 Close-Up Hi-Res camera, equipped with related illumination devices, for near-

distance inspection purpose 

 2D and 3D scanning LIDAR able to measure the distance of surrounding objects 

along a plane (2D scan) or with a 3D scan. Besides the distance measurement 

acquired at predefined angular positions, the instrument should provide a quality 

index, taking into account the surface reflectance, at each angular position. The 

LIDAR may comprise a rotary actuator or a gimbal to move the optical head of 

the instrument and to allow a 3D map reconstruction also in case of a 2D scan 

instrument; 

 Time-of-flight cameras 

 A narrow/wide angle radar, which can be fixed or mounted on a moving gimbal 

to aim it to a desired target; 

 Ultrasound distance sensors for lab applications  
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 Contact sensors  

 

Proprioceptive sensors 

 Inertial Measurement Unit (IMU) 

 A sun sensor and/or a star tracker; 

 Force/torque  sensors 

 

The INSES shall be equipped with illumination devices for: 

 wide angle lighting in order to improve image  quality in poor light conditions as 

well as in high contrast scenes 

 illuminating selected part of the scene  

 projecting  a known light pattern on the illuminated part of the scene 

 

The illumination system may be mounted on a moving gimbal in order to select 

specific position/sight.  

 

Each unit of the INSES shall foresee a pre-processing capability, in order to provide 

low level processed data to higher level (CDFF, AF) upon a specific request. 

 

The Inspection Sensor Suite shall have a modular structure to add or remove single 

instruments without compromising the functional behaviour of the whole sensor 

system. A suitable housing for all the instruments shall be provided. 
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Figure 11: INSES Functional Scheme 

 

E - DELIVERABLE DESCRIPTIONS FOR THE MODULAR 

INTERFACES FOR ROBOTIC HANDLING OF PAYLOADS (OG5) 

 

The challenge is to realise a set of interfaces (mechanical, data, electrical, thermal) that 

allow coupling of payload to robot manipulators and payload to other payload (or to a 

platform). 

 

Envelope: manipulation of payload by robots in orbital and planetary environment, 

assembly of structures out of elemental blocks, spacecraft deployment aid. 

 

Impact: The standard interfaces will allow on one hand to develop the SRC end goals 

(such as FLEXSAT) but also the experimentation on deployment of very large structures 

(e.g. antenna reflectors and active telescope mirrors). 

 

Definition: The definition of a “standard” for interfaces for coupling of modules is an 

important step towards an increased automation in space. As experienced in industrial 

manufacturing, standardization and modularization are required to reach the full potential 

of robotics; this consideration applies also to space robotics. Modules require interfaces. 

To reduce complexity, it makes sense to reduce the number of required interfaces for the 

coupling of modules.  

It is the primary purpose of the OG in subject to design a standard interface usable for 

orbital as well as planetary spacecraft. Furthermore the OG shall produce a number of 

reference implementations of the standard interface for specific modules and a 

manipulator end-effector that uses the standard interface to attach to the modules. 

 

A standard interface is here defined as a combination of devices that allow to couple 

active payload modules (APM) to a manipulator, among themselves and to spacecraft. It 

shall allow transferring of mechanical loads, electrical signals and data as well as thermal 

flux between the coupled modules.  

 

APMs are containers with integrated subsystem or payload components, which can be 

used to fulfil a certain task (e.g. special sensor equipment or enhanced computation 
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power).  Additionally a servicing robot can “communicate” with module attached 

through its manipulator due to the data transfer capability of the interface. 

 

The standard interface may be realised in an integrated form (where mechanical, 

thermal, electrical, data connections are combined) or a separated form. In any case, the 

standard interface shall allow building up large clusters of modules.  

By assembling clusters of modules of different functions is possible to realise highly 

modular spacecraft. 

 

A sufficient number of reference implementations of the standard interface for specific 

APMs are required for demonstration, validation and verification of all properties of the 

standard interface.  

Furthermore an end-effector for a robotic manipulator has to be design according to the 

layout of the standard interface. 

 

Definitions and Deliverable Tree 

Depending on the module payload, a standard interface supports mechanical load, 

electrical, data -and depending on the task also thermal transfer. 

 

This Operational Grant has to produce a suitable design for such a standardized 

interface, a suitable number of reference implementations of the interface for specific 

modules and a proper end-effector for a robotic manipulator (that uses the standard 

interface to attach the modules during the tests). 

 

Standard Interface 

Interfaces for modular, maintainable compatible spacecraft (or spacecraft with 

exchangeable active payload modules) must meet certain criteria in order to enable the 

exchange of individual modules.  

The individual modules shall be useable in any combination so the standard interface is 

required to have an androgynous design. 

The standard interface design shall have some basic characteristics in order to use it for 

different applications in space: 

 Scalability 

 (internal) Redundancy 

 Compatibility to robotic servicing 

 Low complexity, mass and volume 

 Rotation and axis of symmetry 

 Reusability 

 Connection of nearly arbitrary modules without restriction on the relative module 

orientation 

The interface must withstand the harsh conditions in space. 

The requested standard interface shall consist of: 

 Mechanical interface 

 Electrical interface 

 Data interface 

 Thermal interface 
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Mechanical Interface 

This type of interface shall withstand all mechanical loads brought by external sources to 

the interface. In addition, geometry and accuracy requirements of the data, electrical and 

thermal interface must be met. The design of the interface shall optimise the following 

properties: 

 Support for arbitrary combination of modules (androgynous design) 

 Compliance with loads arising during operations 

 Compliance with launch loads 

 Minimal force/torque for mating and de-mating 

 Compact and robust design 

 Low weight 

 Multiple usage 

 Compliance in Space Environment conditions  

 Allow moderate positioning tolerance for mating (to comply with low 

manipulator accuracy) 

 

Electrical Interface 

The electrical interface shall ensure the supply of the individual modules with electric 

power. The design and the dimensioning of the electrical interface shall be based on an 

analysis of commonly used power architectures as well as possible configurations of the 

modules, which may have from the electrical point of view loops caused by the use of 

several interfaces in parallel. 

The design of the interface shall optimise the following properties: 

 Compactness and robustness of design 

 Low weight (incl. module power harness) 

 protection against short circuit 

 Multiple usage 

 Compliance with Space Environment conditions  

 

Data Interface 

The data interface connects the data-bus systems of the individual modules. In order to 

prepare modular spacecraft for distributed task procession, the highest possible data rate 

is desirable. For example, the recording and processing large amounts of data (such as 

sensor data) can be carried out separated in different modules (attached APMs). In this 

case, a data rate of at least 100 Mbit shall be available. 

The design of the interface shall optimise the following properties: 

 Compactness and robustness of design 

 Low weight (incl. module power harness) 

 Multiple usage 

 Compliance with Space Environment conditions  

 High data rate 

 

Thermal Interface 

The Thermal Control System (TCS) has the task to keep the temperature of all 

components of a satellite in their allowable operating range. In a modular, maintainable 

spacecraft, thermal energy must be managed at module level. The module thermal 

interface has to be able to transfer or reject thermal flow depending on the mounting of 

the module. 

The design of the interface shall optimise the following properties: 

 Compactness and robustness of design 

 Low weight (incl. module power harness) 
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 Multiple usage 

 Low complexity 

 Multiple usage (reusability) 

 Active regulation of thermal flow  

 

Active Payload Modules (APM) 

In order to verify and demonstrate the standard interface developed in this Operational 

Grant, a sufficient number of reference implementations shall be build. Therefore, a 

suitable number of test modules (APMs) shall be designed and build. These APMs shall 

be equipped with a suitable number of interfaces and a payload, which allows 

demonstrating a modular, maintainable spacecraft concept. The design of these APMs 

shall have the following properties:  

 At least two standard interfaces per module 

 Modules have different types of payload equipment inside 

 Multiple usage (reusability) 

 Max. weight according to manipulator handling limit 

 Arbitrary coupling between all integrated standard interfaces shall be possible 

 

End-effector for robotic manipulator 

In order to demonstrate the coupling of modules by a robot (manipulator), it is necessary 

to realise an end-effector compatible to the robot used for the tests. The end-effector shall 

be fully compliant with the functionality of the developed standard interface 

(mechanical, electrical, data). Thermal compatibility or rather support for the thermal 

interface is not required. 
 

F - DELIVERABLE DESCRIPTIONS FOR THE VALIDATION 

PLATFORMS AND FIELD TESTS (OG6) 

The challenge is the provision of test vehicles (platforms or facilities) and validation 

environment for common testing of building blocks reference implementations. 

 

Envelope: Relying upon existing assets, provision of test means (e.g. rovers, robots, 

RVD facilities), support for integration in these of common building blocks, 

instrumentation and execution of tests in realistic or analog environments. Construction 

of data sets for benchmarking. 

 

Impact: Validation of different common building block in the most relevant environment 

with minimal duplication of means and activities. 

 

The validation platforms shall assist the validation (in representative environments with 

different degree of fidelity) of all technologies developed within the SRC. These include 

the following technologies, corresponding to different system/subsystem levels: 

 

 Inspection Sensor Suite (INSES) developed in OG4, targeting the identification 

of the most adequate suite of perception sensors. 

 Common Data Fusion (CDFF) framework developed in OG3, targeting for data 

fusion techniques using the perception suite provided by OG4 . 

 Standardised Interfaces for Robotic Handling of Payloads developed in OG5 that 

provides the standard hardware interfaces by which a robot can interact with man- 

made environment.  
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 Space Robot Control Operating System (RCOS) developed in OG1, producing 

the software “Base” and targeting the middleware and other functionalities (APIs, 

TM/TC, FIDIR, RAMS...) within the Robot Avionics subsystem to allow 

software produced by other OGs to run. 

 Autonomy Framework (AF) developed in OG2, targeting a SW framework for 

the development of highly autonomous space robotics missions (including 

mission management, (re-)planning/scheduling, fault management, 

reconfiguration and interaction with other robotic systems/subsystems).  

 

Analogue field tests will enable greater understanding of capabilities and limitations of 

the developments to discover real-life problems presented in the robotic common 

building blocks.  

 

OG6 shall identify and prepare the facilities to assist the validation of the above listed 

SRC technologies, building on a set of already existing laboratories across Europe, by 

creating a network of validation platforms/test facilities. The selected test facilities shall 

provide validation and testing support to the different levels of the involved technologies, 

e.g.: 

 Unitary level, for the different sensors (and different combinations of them) 

identified within the INSES activity.  

 Integration level, for the integrated sensor system composed by the fusion of 

different sensors within CDFF activity and for payload standard interfaces. 

 Avionics subsystem level within the RCOS activity. 

 Mission level, within the highly autonomous mission management (AF activity). 

 

This network of platforms and facilities will support the validation tasks of SRC 

activities by: 

 Providing specification and interface descriptions of the testing 

platforms/analogues 

 providing the necessary models and parameters for simulating the testing 

platforms/analogues 

 providing representative datasets (images, sensors observations/measurements) to 

be used during the design of the OG prior to the full/final technology testing after 

the TRRs  

 providing testing platforms/analogues during integration and testing activities 

 maintaining quality and consistency of the platforms/analogues  across the whole 

duration of the OG  

 Providing all needed monitoring, measuring and recording means during the test 

execution 

 

This activity shall also allocate the resources needed to assist the on-site support needed 

by the facilities and platforms for the validation of SRC activities. The validation tasks of 

the SRC technologies are outside the scope of this activity (except for the above 

mentioned on-site support). 

 

Definitions and Deliverable Tree 

The following Table 1 provides some major preliminary considerations about the 

different SRC technologies needs in terms of validation testing, and identifies the 

facilities needed for the planetary and orbital track. The final validation method shall be 

selected according to the “Common Demonstration Scenarios” section 0. 
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 Needed tests Facilities for Planetary track Facilities for Orbital track 

Inspection Sensor 

Suite 

Test inspection suite 

sensor in realistic 

operational conditions 

Rover locomotion platform in  

Planetary scenario (e.g. Mars-yard-

like) representation to be used for 

sensors validation tests 

Dusty environment with 

sun/shadow illumination conditions 

Dataset generation capability for 

planetary inspection 

Orbital infrastructure mockups 

with relevant features to be 

inspected 

Space-representative dynamic 

motion capability and 

repeatability 

Controlled space-

representative illumination  

Dataset generation capability 

for orbital inspection 

Common data 

fusion framework 

Test localisation, map 

& detection capabilities 

of SW+sensors suite in 

natural and man-made 

environment 

Standardized 

interface for 

Robotic handling 

of modular 

payloads 

Test of coupling 

interfaces (mechanical, 

electrical, data...) 

Rover locomotion platform with 

(TBC) robotic arm (e.g.  

rendezvous with a planetary 

asset/module) 

Nx6/7DOF testing platforms 

for short-range applications 

(e.g. close range rendezvous 

and capturing operations with 

space-representative dynamic 

motion capability and 

repeatability). 

Space Robot 

Control 

Operating System 

The RCOS shall be 

tested with space 

representative 

processor. It shall also 

control robot systems 

(actuators and sensors) 

for orbital and 

planetary application. 

Space representative processor 

taking control of rover actuators 

(wheels drive, steering, ) and 

reading sensors (encoders, cameras, 

lidar) through representative 

communication means (CAN, 

Ethernet) 

Space representative processor 

taking control of in-orbit 

manipulator and reading 

sensors (encoders, cameras, 

lidar) through representative 

communication means (CAN, 

Ethernet) 

Autonomy 

framework 

Time/Space/Resou

rces planning and 

scheduling 

Test goal oriented 

autonomy framework 

with realistic plan in 

non-controlled 

environment. 

Rover locomotion platform able to 

host SRC technologies identified 

sensors suites with data fusion 

framework and Avionics solution 

able to host the highly autonomous 

mission management/control SW. 

The platform and Avionics shall 

provide fault injection capabilities. 

Unitary and short-range tests (e.g. 

functional installation tests) in 

Marsyard–like labs;  

Long term (e.g. weeks) autonomous 

campaign in outdoor environment 

(e.g. Earth analogue) 

Optical test benches for long-

range applications (e.g. 

detection and tracking of 

target asteroid). 

Nx6/7DOF testing platforms 

for short-range applications 

(e.g. close range rendezvous 

and capturing operations). 

Space-representative dynamic 

motion capability and 

repeatability 

Scalability 

Space-representative 

illumination conditions 

Fault injection capabilities  

Table 1: Generic validation considerations 

Based on the above table, we can identify the validation platforms and field tests (VPFT) 

as a network of existing facilities and assets organized according to this decomposition: 

 

F1 - Planetary validation scenario 

The planetary demonstration scenario final goal is to verify and validate the hardware 

and software products, developed in each OG in a representative planetary environment. 

Two validation testbeds/analogues have been identified: 

 A short range planetary exploration scenario, that will consist of a Mars-yard-like 

terrain (small/medium size terrain “sandbox”)  filled with different sizes of sand, 

gravel and rock with different orography (crater, boulders, dunes, gravy slopes 

etc). 
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 A long range planetary exploration scenario, to be implemented in a earth 

analogue scenario (like a desert preferably within EU countries). 

For both testbed/analogue specialized measurement systems (indoor and outdoor) are 

required: ground-truth localisation system for rover and objects and ground-truth terrain 

measurement system. 

 

For both scenarios, a rover platform shall be made available. This rover, equipped with 

space-representative avionics, shall offer standard interfaces (in terms of software and 

hardware) that are compatible with all OGs technologies. Namely, the rover platform 

available for the planetary track (and to be used in both short and long range scenarios) 

will allow, through a standard interface agreed with all other OGs, the following: 

 To have its locomotion and manipulator controlled by the RCOS reference 

implementation produced in OG1 

 To implement locomotion and manipulator motion as commanded by the AF 

planetary reference implementation produced in OG2 

 To provide sensory data to the CDFF planetary reference implementation 

produced in OG3 

 Have mechanical, data and electrical interfaces in order to host the INSES  

planetary reference implementation produced in OG4 

 To provide manipulation for the end-effector and planetary APM produced in 

OG5 
 

Figure 12: An example of a small indoor-mars-yard: the Planetary Robotics Laboratory at ESTEC (ESA)  

F2 - Orbital validation scenario 

For the validation of building blocks in the orbital track scenario OG6 shall make 

available, to all OGs, a ground simulation facility based on robotic systems able to 

reproduce in-orbit servicing applications such as rendezvous and capture scenarios or 

manipulation of payloads. 

This robotics facility will be based in a hardware-in-the-loop ground system that should 

be already existing and adapted for SRC building block needs. It will have to simulate a 

robotic servicer spacecraft tracking a target satellite at short range (below 20 meters), but 

also have sufficient accuracy in order to reproduce in a repeatable way scaled orbital 

scenarios (with scaled mockups) in order to test relative navigation.  

 

Moreover, the system shall be able to reproduce space-like controllable conditions. A 

high precision calibration system (compatible with scaled scenarios) shall enable the 

validation of the tests. 
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The system shall be composed of the following elements: 

 At least two 6-DOF robotic arms, one of which mounted on a rail (in order to add 

an additional DOF). 

 A controllable illumination system. 

 Sensors representative of RVD and proximity operations 

 A ground truth position/attitude measurement system for all moving subjects 

 A control system for the robotic arms in that can move the two robot arms to 

reproduce simulated spacecraft motion 

 Force/torque sensors to allow contact dynamics. 

 Scaled mockups for target spacecrafts/payloads to be inspected. 

 Standard interfaces (mechanical, electrical, data) to include sensors/manipulators 

coming from other OG on the servicing side (The standard/modular interfaces 

developed under OG5 shall be delivered by OG5 for the validation). 

 

This robotic facility shall allow: 

 To have one of its robot arms controlled by the RCOS reference implementation 

produced in OG1 

 To implement manipulator motion as commanded by the AF planetary reference 

implementation produced in OG2 

 To provide sensory data to the CDFF orbital reference implementation produced 

in OG3 

 Have mechanical, data and electrical interfaces in order to host the INSES  orbital  

reference implementation produced in OG4 

 To provide manipulation for the end-effector and orbital APM produced in OG5 
 

 

Figure 13: Schematic of orbital track validation platform (in green OG6 elements, in blue other 

OG elements to be validated) 

 

  

Figure 14: European facilities for orbital servicing testbeds 


