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1.  INTRODUCTION 

1.1. PURPOSE 

The PERASPERA OG1 activity is devoted to the design of a Robot Control Operating 

Software (RCOS) that can provide adequate features and performance with space-grade 

Reliability, Availability, Maintainability and Safety (RAMS) properties. The goal of the 

ESROCOS project is to provide an open source framework which can assist in the 

development of flight software for space robots. By providing an open standard which 

can be used by research labs and industry, it is expected that the Technology Readiness 

Level (TRL) can be raised more efficiently, and vendor lock-in through proprietary 

environments can be reduced.  Current state-of-the-art robotic frameworks are already 

addressing some of these key aspects, but mostly fail to deliver the degree of quality 

expected in the space environment. In the industrial robotics world, manufacturers of 

robots realise their RCOS by complementing commercial real-time operating systems, 

with proprietary libraries implementing the extra functions. 

This software requirement specification contains the understanding of the requirements 

for such operating system and the development environment. It includes the 

requirements for a set of development tools as well as SW libraries that will be part of 

the RCOS to cover all needed functionalities. 

1.2. SCOPE 

This document is the main outcome of the WP 1200 of the ESROCOS activity “System 

Requirements”. This WP consists on an analysis of the technical requirements for the 

ESROCOS RCOS. In this document we analyse in depth the requirements for an RCOS 

and what is needed to complement the existing space development platform, focusing 

on the characteristics of systems that already exist. The relevant existing systems are 

described in the technical review document [RD.2]. We will also identify existing SW 

assets that can be used to cover part of these requirements. We will consolidate the 

user requirements from the experience on open-source RCOS according to the following 

categories: 

1. General requirements 

2. Modelling and model-based capabilities 

3. Verification capabilities 

4. Implementation and deployment requirements 

5. Simulation tool requirements 

6. Nuclear environment specific requirements 

The RCOS system requirements have been specifically identified by ADS (planetary 

track) and DLR (orbital track) and RAMS against the standards (VTT). These partners 

have conducted this task from the perspective of a potential user together with 

contributions from other partners regarding real-time/mixed criticality aspects 

(SKY/UGA), robotics components modelling (DFKI/KUL), interoperability with other 

robotics frameworks (INT) and formalized language needs (ISAE), middleware 

extensions (GMV, ISAE), target RCOS (GMV,intermodallics), with GMV leading the final 

compilation of this document. 
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The first goal in the ESROCOS project is to produce a consolidated and agreed list of 

requirements for a RCOS targets and for a RDEV environment which should allow 

developing the RCOS targets. These are the requirements contained in this document.  

The aim of ESROCOS is to be the base of future European space robotics applications, 

and in this context this activity is a first step in that direction. 

As a first step, the ESROCOS ROCS will be built based on existing SW assets, extendind 

their capabilities, and integrating them with new components and tools developed in the 

frame of ESROCOS. 

As a second target, a set of applications will be implemented using the resulting 

ESROCOS framework, on a laboratory-level and and as space-quality level prototypes, 

and will be tested in two different scenarios, a robotic arm and a planetary rover. In 

addition, VTT will perform the development of an application, and a test for the nuclear 

environment. This document provides the output for these activities; it identifies the 

motivation for each requirement, as well as the implications from the point of view of 

those processes that are involved in the development of a robotic system. 
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1.3. CONTENTS 

This document contains the following sections: 

 Section 1: Introduction.  

 Section 2: Applicable and reference documents. Lists of documents that are relevant 

to the structure and contents of this document. 

 Section 3: Terms, definitions and abbreviated terms. List of terms and definitions 

that harmonize the nomenclature used providing the clarifications for the correct 

understanding of the terms. 

 Section 4: Overview of ESROCOS requirements. Describes the high level objectives 

of the project we have followed to gather requirements. 

 Section 5:  User requirements. Provides a categorized list of RCOS target and RDEV 

environment requirements from the user’s perspective. 

 Section 6: RCOS and RDEV SW requirements. Provides a detailed list, lower-

granularity level of the RCOS and RDEV requirements, particularized for each 

functional area, that is: 

 Section 6.1 contains the requirements for Robotics modelling 

 Section 6.2 includes requirements for the advanced data types to be defined and 

used in ESROCOS 

 Section 6.3 details requirements from the FDIR perspective 

 Section 6.4 focuses on the requirements for visualization and logging services 

 Section 6.5 contains the requirements for the PUS services 

 Section 6.6 contains the requirements for the Basic robotic libraries to be used 

 Section 6.7 contains requirements for middleware services, basically these are 

extensions to the existing TASTE framework to provide support to the ESROCOS 

user requirements detailed in Section 5 

 Section 6.8 contains BIP requirements; these requirements are mainly targeting 

RAMS aspects 

 Section 6.9 has the requirements for the Space and Time partition (IMA) 

implementation in ESROCOS 

 Section 6.10 discusses the driver requirements; these are requirements for new 

TASTE drivers to be developed in the frame of ESROCOS 

 ESROCOS is a living project, and its software and tools will be updated 

iteratively. Section 6.11 contains the requirements for this process (continuous 

integration) 

 Also ESROCOS assumes the inclusion of existing, 3rd party tools, that are to be 

included. Requirements for this are include into Section 6.12 

 Finally, the ESROCOS RCOS is targeting several different platforms (target 

operating systems and HW). These requirements are detailed in Section 6.13 

 Section 7: Validation Approach. Explains the approach for the validation of ESROCOS 

and assigns a validation method to each requirement. 

 Section 8: Requirements Traceability. Details the traces between system and user 

requirements. 
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2.  REFERENCE AND APPLICABLE DOCUMENTS 

2.1. APPLICABLE DOCUMENTS 

The following is the set of documents that are applicable: 

Ref. Title Date 

[AD.1] Peraspera: D3.1 Compendium of SRC  

Activities (for call 1) 

 

[AD.2] Guidelines for strategic research cluster on space robotics technologies horizon 2020 
space call 2016 

 

[AD.3] Call: H2020-COMPET-2016 ESROCOS Proposal. Proposal no. 730080 March, the 
3rd, 2016 

[AD.4] ESROCOS Technology Review. GMV 20095/17 V1/17 2017 

Table 2-1. Applicable documents 

2.2. REFERENCE DOCUMENTS 

The following is the set of documents referenced: 

Ref. Title Date 

[RD.1] SARGON Requirement’s document 2016 

[RD.2] ESTOCOS Technological Review (D.1.1) 2017 

[RD.3] G. Visentin, “The case for an RCOS at ESA”, ASTRA 2015 – RCOS forum 2015 

[RD.4] http://www.ros.org/ 2015 

[RD.5] Joyeux, S. Albiez, J. Robot development: from components to systems 2011 

[RD.6] Robot Construction Kit (http://rock-robotics.org) 2015 

[RD.7] http://www.orocos.org/ 2015 

[RD.8] Ceballos et al, “GenoM as a Robotics Framework for Planetary Rover Surface Operations, ASTRA 
2011” 

2011 

[RD.9] R. Volpe et al, “CLARAty: Coupled Layer Architecture for Robotic Autonomy”, available at [www-
robotics.jpl.nasa.gov] 

2000 

[RD.10] TASTE Website: http://taste.tuxfamily.org/wiki/index.php?title=Main_Page  - 

[RD.11] COrDeT study. Website: http://cordet.gmv.com/  2013 

[RD.12] Behaviour, Interaction, Priority (BIP) http://wwwverimag.imag.fr/Rigorous-Design-of-
Component Based.html 

- 

[RD.13] “A Verifiable and Correct-by-Construction Controller for Robot Functional Levels”, Bensalem et al, 
Journal of Software Engineering for Robotics, September 2011 

2011 

[RD.14] ASN.1 Website: http://www.itu.int/en/ITU-T/asn1/Pages/asn1_project.aspx  - 

[RD.15] AADL Website: http://www.aadl.info/aadl/currentsite/  - 

[RD.16] “TASTE: An open-source tool-chain for embedded system and software development”, Maxime 
Perrotin, Eric Conquet, Julien Delange, Thanassis Tsiodras 

2012 

[RD.17] Medina, A., Mollinedo, L., Kapellos, K., Crespo, C., Poulakis, P, “DESIGN AND REALIZATION OF A 
ROVER AUTONOMY TESTBED”, Conference: ASTRA 2015 - 13th ESA Workshop on Advanced 
Space Technologies for Robotics and Automation, At Noordwijk, The Netherlands 

2015 

[RD.18] M. Perrotin, E. Conquet, J. Delande, A. Schiele, T. Tsiodras, “TASTE: A real-time software 
engineering tool-chain Overview, status, and future” 

2011 

[RD.19] M. Perrotin, “Support for device drivers in TASTE” 2010 

http://www.ros.org/
http://rock-robotics.org/
http://www.orocos.org/
http://taste.tuxfamily.org/wiki/index.php?title=Main_Page
http://cordet.gmv.com/
http://wwwverimag.imag.fr/Rigorous-Design-of-Component%20Based.html
http://wwwverimag.imag.fr/Rigorous-Design-of-Component%20Based.html
http://www.itu.int/en/ITU-T/asn1/Pages/asn1_project.aspx
http://www.aadl.info/aadl/currentsite/
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Ref. Title Date 

[RD.20] Perrotin, M., Conquet, E., Dissaux, P., Tsiodras, T., Hugues, H. : The TASTE Toolset: turning 
human designed heterogeneous systems into computer built homogeneous software, 
ERTS’2010, Toulouse (2010) 

2010 

[RD.21] RAT Detailed Design Document RAT_GMV_TN03 2011 

[RD.22] J. Delange and M. Perrotin “On integration of open-source tools for system validation, example 
with the TASTE tool-chain” 13th Real-Time Linux Workshop 

 

[RD.23] ITU-T SDL Standard http://www.itu.int/ITU-T/studygroups/com10/languages/Z.100_1199.pdf Nov 99 

[RD.24] http://www.orocos.org/kdl Orocos Kinematics and Dynamics  

[RD.25] M. Merri, B. Melton, S. Valera, A. Parkes “The ECSS packet utilisation standard and its support 
tool” 

 

[RD.26] European Cooperation for Space Standardization. Ground systems and operations — Telemetry 
and telecommand packet utilization (PUS) Services ECSS-EST-70-41C, 15-Apr-2016 

15-Apr-2016 

[RD.27] Alan Burns and Robert I. Davis  “Mixed Criticality Systems - A Review”,  Jan. 2016 

[RD.28] European Cooperation for Space Standardization. Space Engineering –  Software. ECSS-E-ST-
40C, 6-Mar-2009. 

6-Mar-2009 

[RD.29] European Cooperation for Space Standardization. Space product assurance –  Software product 
assurance. ECSS-Q-ST-80C, 6-Mar-2009. 

6-Mar-2009 

Table 2-2. Reference documents 

http://www.orocos.org/kdl
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3.  TERMS DEFINITIONS AND ABBREVIATED TERMS 

3.1. DEFINITIONS 

Concepts and terms used in this document and needing a definition are included in the 

following table: 

Table 3-1. Definitions 

Concept / Term Definition 

Meta-model A model of a model that defines the frames, rules, constraints, models and 

theories applicable to model a class of problems. A particular model built 
according to a meta-model is said to conform to this meta-model. 

3.2. ACRONYMS 

Acronyms used in this document and needing a definition are included in the following 

table: 

Table 3-2. Acronyms 

Acronym Definition 

AADL Architecture Analysis and Design Language 

AD Applicable Document 

AIR ARINC 653 Interface in RTEMS 

API Application Programming Interface 

ASCII American Standard Code for Information Interchange 

ASN.1 Abstract Syntax Notation One 

BIP Behaviour, Interaction, Priority 

BSD Berkeley Software Distribution 

CAN Controller Area Network Bus 

CCSDS Consultative Committee for Space Data Systems 

CI Continuous Integration 

CPU Central Processing Unit 

ECSS European Cooperation for Space Standardization 

ESA European Space Agency 

ESROCOS European Space Robotics Control and Operating System 

ETHERCAT Ethernet for Control of Automation Technology 

FDIR Failure Detection, Isolation and Recovery 

GNU GNU is Not Unix 

GPL General Public License 

GUI Graphical User Interface 

HAIR Hypervisor emulator based on AIR 

HW Hardware 

ICD Interface Control Document 

IEEE Institute of Electrical and Electronics Engineers 

IMA Integrated Modular Avionics 

IMU Inertial Measurement Unit 
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Acronym Definition 

IP Internet Protocol 

LGPL Lesser General Public License 

LIDAR Laser Imaging Detection And Ranging 

MAC Media Access Control 

MAST Modelling and Analysis Suite for Real-Time Applications 

MDA Model-Driven Architecture 

MISRA Motor Industry Software Reliabibilty Association 

OBC On-Board Computer 

OBSW On-Board Software 

ODE Open Dynamics Engine 

OG Operational Grant 

OROCOS Open Robot Control Software 

OS Operating System 

OSRCS Open-Source Robot Control System 

PA Product Assurance 

PIM Platform Independent Model 

POSIX Portable Operating System Interface uniX 

PPC Protected Procedure Call 

PSA  Programmne Support Activity 

PSM Platform Specific Model 

PUS Packet Utilization Standard 

RAMS Reliability, Availability, Maintainability and Safety 

RCOS Robot Control Operating System 

RD Reference Document 

RDEV RCOS Development Environment 

ROCK Robot Construction Kit 

ROD Review of Design 

ROS Robot Operating System 

RTEMS Real-Time Executive for Multiprocessor Systems 

RTT Real-Time Toolkit 

SARGON Space Automation and Robotics General Controller 

SDL Specification and Description Language 

SMTP Simple Mail Transfer Protocol 

SOW Statement of Work 

SPARC Scalable Processor Architecture 

SSS Software System Specification 

SW Software 

TASTE The ASSERT Set of Tools for Engineering 

TASTE-CV TASTE Concurrency View 

TASTE-DV TASTE Deployment View 

TASTE-IV TASTE Interface View 
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Acronym Definition 

TC Telecommand 

TM Telemetry 

TRL  Technoloy Readiness Level 

TSP Time and Space Partitioning 

URDF Unified Robot Description Format 

V&V Verification and Validation 

WCET Worst Case Execution Time 

XML Extensible Mark-up Language 

YAML YAML Ain’t Mark-up Language 

3D Three-dimensional 
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4.  OVERVIEW OF ESROCOS’S REQUIREMENTS AND 
BACKGROUND 

The ESROCOS framework will combine together a number of existing and proven assets 

to provide an integrated solution for the development of space robotics systems with 

demanding RAMS requirements. The components of ESROCOS, both existing 

components and components to be developed have open-source licenses to ensure that 

they can be used by a wide community. 

The main objectives of the ESROCOS RCOS can be summarized as follows: 

 Develop a Space-oriented RCOS: ESROCOS shall target space development 

needs by including space-grade RAMS attributes (refer to ESA ECSS standards) and 

off-line/on-line formal verification, Telemetry and Telecommand (TM/TC) messages 

and qualification of industrial drivers such as the Controller Area Network (CAN) bus 

or EtherCAT protocols. Two reference implementations shall be carried out on space 

representative avionics. 

 Integrate advanced modelling technologies: ESROCOS shall include complete 

model-based methodology [RD.5] supporting the design of the individual 

components as well as the interfaces for their interaction and integration, the 

verification of the structural and behavioural properties at the system level, and a 

framework that also provides glue code generation. This approach allows the 

separation of the model from the target platform, which is a requirement for the 

reuse of the software in future developments 

 Focus on the space robotics community: ESROCOS requirements will be 

consolidated by actors leading state-of-the art robotics space missions.  

 Allow integration of complex robotics applications: ESROCOS shall provide a 

flexible architecture, following the Time and Space Partitioning and mixed-criticality 

approach [RD.17], which also allows hosting different level of space quality 

applications over the same on-board computer. 

 Avoid vendor-lock in situations: The outcome of the proposal is to be delivered 

as open-source code (Mozilla Public License, Apache, MIT, BSD and GPL/LGPL), 

avoiding proprietary solutions (VxWorks, PykeOS) that can have difficulties in being 

adopted,  

 Leverage on existing assets: Instead of starting from scratch, ESROCOS shall 

enhance already existing frameworks (TASTE [RD.16])  extended with a robotics 

components approach inspired by the ROCK middleware), mature toolsets (source-

code versioning, scripting/testing, visualizers/simulators) and libraries (advanced 

data types, robotics transformations of reference systems, robotic arm kinematics 

and dynamics, rover locomotion control) 

 Ease the development of robotics systems: ESROCOS shall be interoperable 

with other robotics frameworks (e.g. ROCK/ROS 3rd party libraries and 

visualizers/simulator) allowing testing their algorithms together with space critical 

components 

 Cross-pollinate with non-space solutions and applications: ESROCOS shall 

benefit from the experience gathered in developing RCOS for robots in nuclear 

environment, with very stringent RAMS requirements 

The key innovations behind the proposed ESROCOS concept are the following: 

 Use a Model-driven approach with extended, robotic-specific modelling semantics, 

allowing the design of a Platform Independent Model, thereby respecting the fact 

that space hardware varies depending on the chosen vendor; 
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 Answering the needs of future robotic needs, by being able to interact across 

multiple components with a mixed-criticality approach, following correct-by-

construction methods; 

 Developing a space-grade system, by complying with space processors and 

avionics drivers, command and telemetry access services as well as following SW 

development space-standards; 

 Ease the use of robotics developers by including basic robotics libraries, 

ensuring interoperability with 3D robotics viewers, simulators and third-party 

libraries, guarantee advanced logging capabilities as well as identifying advanced 

data types (closing the gap between ASN1 and robotics); 

 Exploiting end-user experience, within the consortium, in the state-of-the art 

European robotics mission and non-space high RAMS applications. 

The overall architecture of the ESROCOS system, outlined in the ESROCOS proposal 

[AD.3], is outlined in Figure 4-1, and guides the elicitation of the ESROCOS software 

technical requirements. For each of the identified building blocks, a trade-off will be 

performed to determine the combination of existing and newly-developed software that 

will fulfil the required capability. Existing software will need to be integrated and, in 

many cases, improved and documented to reach the desired quality level. 

 

 

Figure 4-1. ESROCOS high-level architecture 

The building blocks of the ESROCOS architecture depicted in Figure 4-1 are further 

detailed below: 

1. Robotics modelling (meta-modelling, Geometry and components) 

In order to approach the development of a robotics application from a model-

driven, correct-by-construction perspective, ESROCOS will provide means to 
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model the robot geometry, kinematics and hardware. These models need to 

be aware of the models used to analyse other aspects of the robot, both 

within ESROCOS (e.g. AADL system models) and outside (e.g. planning 

models). 

2. Advanced Types of Data 

In connection with the MDA, the use of data models brings generalization and 

platform independent definition of data structures. Data types required in 

robotics, such as those defined by ROCK or ROS, need to be formally defined 

using for instance ASN.1. This building block will provide a minimal set of 

advanced types to define the RCOS data-flow. 

3. Fault Detection, Isolation and Recovery (FDIR) policy  

The ESROCOS solution foresees the inclusion of a pre-defined robotics 

template inspired in the nominal life-cycle of ROCK components. Such 

template will be implemented as state-machines using SDL (Specification and 

Description Language) following pre-defined states (e.g. pre-operational, 

stopped, running, run-time error and fatal error). 

4. Basic robotics libraries 

Libraries are the software concept to compute the algorithms. While specific 

robotics domain will provide their own libraries (i.e.: perception, control, 

manipulation) for their specific needs, ESROCOS will provide basic libraries 

that facilitate the integration process in such specific domain applications. 

This building block consists of a set of libraries that simplify the task of 

creating complex and robust robot behaviour across a wide variety of robotic 

platforms.  

5. Logging capabilities 

Data logger facilitates and unified the data analysis. The logging in ESROCOS 

will allow the storage of data-flow among components and the post-mortem 

analysis. The generated log files are self-contained. The logger will 

exclusively be dedicated to a laboratory environment since ESROCOS could 

generate an unbounded, large amount of data. Its equivalent in space quality 

applications are the TM/TC information from the PUS services. 

6. Command and telemetry access (PUS Services) 

The Packet Utilisation Standard (PUS) services [RD.26] [RD.27] provides 

standardization for the protocols and services that are to be used between 

the Ground and the Space segment. This building block will provide a set of 

PUS services that serve the TM/TC needs of space robotics applications. 

7. Model-driven architecture (MDA) approach following ESA ECSS RAMS 

Standards 

One of the main requirements for ESROCOS is the use of a model-driven 

architecture (MDA) approach. The TASTE framework has been developed by 

ESA for model-driven development of software for space systems. Systems in 

TASTE are modelled using ASN.1 (data), AADL (architecture) and, optionally, 

SDL or Simulink (behaviour). ESROCOS will integrate TASTE and allow the 

users to generate, from the model, components and glue code for different 

platforms, such as Leon/RTEMS and Intel/Linux. The code generated by 

TASTE will comply with the RAMS required for space applications. 
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8. Correct-by-construction techniques and formal verification 

The BIP (Behaviours, Interactions and Priorities) [RD.12] framework provides 

a methodology for building real-time systems consisting of heterogeneous 

components, enabling formal verification. BIP complements TASTE by putting 

the focus on the incremental composition of heterogeneous components, 

correctness-by-construction for essential system properties, and automated 

support for component integration.  

9. Ability to interact across multiple components: Mixed-criticality 

Approach (TSP) 

Time and Space Partitioning (TSP) allows for the development of complex 

robotics applications with different criticality levels as real-time applications 

are isolated from each other in terms of time and space. The heart of these 

systems is a hypervisor, provided by this building block that segregates 

computing resources between partitions.  

10. Complying with space processors and avionics drivers 

The proposed TASTE framework allows deploying applications over space-

processor architectures (SPARC/RTEMS) and to communicate components 

with the external world using device drivers (e.g. Spacewire, 1553, serial). 

As part of the IMA building block, ESROCOS will offer an abstraction layer for 

the CAN bus (CANopen) and EtherCAT protocols, widely used in robotics but 

not yet available within TASTE. 

11. Interoperability with 3D robotics viewers, simulators and third-party 

libraries  

Robotics frameworks like ROS or ROCK come with a large set of tools that 

enables fast prototyping and robot visualization, which are extremely helpful 

during development and monitoring (laboratory quality level).  Instead of 

creating similar new tools specific for the TASTE framework, ESROCOS will 

interface with existing tools on the middleware level. Using a bridge, a 

running ESROCOS application will be able to send data to visualize the 

robotic system and sensor measurements e.g. in 3D in RViz. Secondly the 

bridge can be used to test out controllers with a simulator such as Gazebo. 

12. Continuous Integration Tools (CI) 

Continuous Integration (CI) is a development practice that requires 

developers to integrate code into a collection of shared repositories. CI is a 

requirement in software development where many partners intervene. 

ESROCOS will therefore be developed using tools that allow for CI. 

13. Three target quality levels 

The ESROCOS system will be able to generate code skeletons from meta-

models and to support the transitioning of the application code between 

three different quality levels: laboratory (Linux real-time), high-reliability 

(RTEMS/Linux real-time) and space (RTEMS). 

In order to derive from these thirteen high-level building blocks the concrete Technical 

Requirements of the ESROCOS software, the capabilities to be provided by each 

building block are analysed from three parallel perspectives: 

 The first one is the User Requirements for an RCOS target and an RDEV 

environment, taking into account: 
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 The basic set of requirements already identified by the PERASPERA SRC [AD.1].  

 Additional requirements derived from the three target applications: orbital 

scenario, planetary scenario, and terrestrial application in the nuclear industry 

domain. 

 The second is the coverage of these requirements by the existing MDA tools, 

primarily TASTE. 

 And the third one is the software RAMS aspects, with particular focus on the 

differences and complementarity of the space and nuclear industry domains. 

Figure 4-2 displays the logic of the Technology Review and System Requirements 

activities planned in the first phase of the ESROCOS project and leading to the System 

Requirements Review. 

 

Figure 4-2. Approach to Technology Review and System Requirements 

The WP 1100, led by DFKI, has performed a Technology Review [AD.4]. This WP 

reviews the state of the art of current robotics frameworks and technologies and its 

suitability to autonomous space robotics systems. Its main outcome is an identification 

of existing technologies and SW assets that can be applied and extended to build the 

ESROCOS RCOS.   

The following environments and elements, among others, have been reviewed (See 

RD.2]) for details:  

 Timed automata and related techniques for verification of robotics systems 

 Robotics frameworks and middleware 

 Component models and formal verification tools 

 Real Time Operating Systems, IMA and avionics platforms relevant to space robotics 

 TM/TC communication protocols and PUS services 

All partners have contributed to this technology review from their specific domain of 

expertise and role in the consortium. Its main outcome is deliverable [RD.2]. 
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The WP 1200, led by GMV, has provided, as main output, the System Requirements 

document (this document). This WP consists on an analysis of the system  

requirements for the RCOS and the RDEV, both from the user and the technical point of 

view.  

To the existing requirements from the PERASPERA called, new user requirements have 

been added in this phase have been specified in this document based on the analysis of 

the target scenarios.  

The system user requirements have been specifically identified by ADS (planetary track) 

and DLR (orbital track) as well as the needs for the nuclerar environment (VTT). These 

partners have conducted this task from the perspective of a potential user together with 

additional feedback from other partners. These requirements are contained in Section 5 

of this document (User requirements) 

In parallel to this activity, a set of technical, lower-level requirements that identify the 

needs for tool improvement, tool interoperability and components to be developed have 

been issued. These requirements have been categorized by SW tool/component, and 

include requirements for the robotics components modelling tools, identification of data 

types, interoperability with other robotics frameworks, PUS services needs, etc… Based 

on their knowledge and expertise, each partner has contributed to their corresponding 

sections, being GMV responsible for integrating their contribution. These lower-level, 

technical requirements have been traced to the user requirements that they are related. 

According to this process, the rest of this document is structured as follows: 

 Section 5 describes the user requirements. These include, not only  those 

requirements inherited from the PERASPERA SRC [AD.1], but also additional 

requirements (mostly referred to RAMS) for the space industry, as well as a set of 

requirements for the nuclear environment  For each requirement we describe the 

ESROCOS approach. 

 Section 6 describes the technical requirements for the RCOS and RDEV tools and 

components. This section is therefore divided per SW asset, with traces to the user 

requirements (described in the previous section) that are being covered by each 

particular technical requirement. 
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5.  USER REQUIREMENTS 

The main objective of this section is to produce an assessment of the characteristics 

that the robotic operating system and its development environment shall have from the 

user point of view, based on the current needs for space development. The results of 

this section will be shown to the robotic developer’s community and disseminated in 

future workshops in order to gather their feedback. 

An operating system is much more than simply a kernel and a set of libraries: the use 

of an operating system implies the use of its components at design and implementation 

level, and it usually defines the set of features that will be available for the 

development, and a set of tools usually associated to the development environment. 

Normally then we refer to a “framework”, i.e. a set of tools that are used in an 

orchestrated manner to develop a system. 

To give an example, the Linux OS was developed based on the (previously developed) 

GNU set of tools; in fact, it is more precise to talk about GNU/Linux (instead of simply 

“Linux”). It is our understanding that ESROCOS is devoted not only to the generation of 

a robotic operating system, but a robotic framework, in which many different tools 

(TASTE among them) will be used. In fact, as stated in the proposal, according to ESA 

[RD.3], a RCOS system integrates both the RCOS target and the RCOS development 

and validation (RDEV) environment. In the rest of this document, we will use “RCOS 

framework” as a synonym to the RCOS target and the RDEV environment. 

This set of tools will be used in the main workflows associated to the development of a 

robotic system: architectural design, software design, validation and verification, etc. 

A set of different frameworks exists in the robotic community that have been developed 

in the last decades (e.g. Orocos [RD.5], GeNoM, ROS [RD.4], ROCK [RD.3]). Each of 

them has its pros and cons, but, unfortunately, no one is currently considered fully valid 

as it is for the development of robotic applications in space. The main problems for 

these systems come from 1) Obsolescence, 2) RAMS suitability for its use in space, 3) 

That they are not open source and therefore its use is restricted, and 4) most of them 

are developments devoted to a specific task, but not generic [RD. 1]. 

The aim of the user requirements is to capture those requirements needed for a robotic 

operating system when applied to space developments. Instead of starting from 

scratch, we have identified the user requirements that stem from experience on open-

source RCOS such as ROS, Orocos [RD.7] , ROCK, GenoM, ClaraTy [RD.9], as well as 

the identification of any possible modification and addition to the user requirements 

based on the experience of our partners as robotics developers.  
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5.1. REQUIREMENTS CATEGORIZATION 

The following are the main workflows involved in the development of a space system, 

according to [RD.28]. 

 

 

Figure 5-1. Software’s development activities, according to [RD.28] 

Our analysis will be based on the analysis of these workflows. In fact, by performing a 

quick review of them, we have categorized the requirements based on these workflows, 

in the following way: 

 General requirements are very high level requirements or requirements that 

affect many workflows. They are described in Section 5.2. 

 Modelling requirements: are requirements tightly related to the architectural 

design activity. Being TASTE a tool for Model-driven architecture, models and model 

views become the key for the right representation of the architecture, and the 

possible transformation from a Platform Independent Model (PIM) to a Platform 

Specific Model (PSM). They also define most of the detail design process and its 

implementation. These requirements are detailed in section 5.3 

 Verification requirements: connected to the validation and verification processes, 

they allow the system to fulfil reliability aspects, to ensure the consistency of the 

services provided by the RCOS target and the RDEV environment. Most of the critical 

functionality of the system depends on a correct execution of the SW in a timely 

fashion. For that, we identified the need for a robotic application to allow the 

checking of consistency of time constraints and schedulability analysis. Other 

aspects of robotics are considered, for example the need to provide the possibility of 

both simulated and real environments, and the need to integrate with existing robot 

simulators. These are described in Section 5.4 

 Implementation, deployment and maintenance requirements: Robotics 

developments have different scopes, ranging from prototypes to operational 

systems, each with its own characteristics. In ESROCOS we define three different 

target environments: laboratory, high quality and space qualified (Described in 
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Section 6.13). Each of them has a target OS, and a set of characteristics. They have 

strong implications w.r.t. the maintenance and operation of the system. These are 

described in Section 5.5 

 Simulation requirements refer to the needs for integration with other tools, or to 

features from other operating systems that are considered of interest to be 

incorporated into the RCOS. These are explained in Section 5.6 

 Nuclear environment requirements are those particular requirements from the 

nuclear environment that need to be addressed. These are detailed in Section 5.7 

The following table provides a review of the ESROCOS solution with the User 

Requirements proposed by the PERASPERA SRC (see [AD.2]). These requirements have 

been complemented by additional requirements from ESROCOS partners. 

5.2. GENERAL REQUIREMENTS 

These requirements are the very highest level and affect many workflows. They are 

described below: 

ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-01 The RCOS System shall 
enable the production of 
robot controllers. 

Some generic capabilities 
for robotics applications 
are real-time 
components, scripting, 
state machines, 
distributed processes and 
code generation in order 
to address system 
complexity. 

ESROCOS proposes a robot modelling 
methodology based in meta-models on 
top of a framework such as TASTE 
specifically designed to meet the strict 
quality requirements required by space 
applications. 
At software component level, TASTE 
provides a good basis for the production 
of robot controllers. 

Nevertheless, in order to facilitate the 
development of such systems it is 
necessary to extend its capabilities as it is 
detailed in the following requirements.  
Concepts not covered by TASTE include 
requirements, knowledge, robot 
interaction, or external world modelling, 
that can be covered via a robot modelling 
tool or TASTE extensions. 

UR-02 The RCOS System shall 
support the following 
robot controller 
engineering processes: 

- ESROCOS extends the TASTE meta-model 
in order to cover the architectural 
engineering, design and implementation 
of robotics components, verification and 
validation activities (BIP correct-by-
construction techniques and run-time 
engine verification), operations through 
space PUS services (TM/TC) and 
maintenance. 

UR-02.1 Architecture engineering.   TASTE uses AADL for modelling and 
analyzing SW and computer architecture, 
and is suitable for developing RCOS 
applications. 

Nevertheless, it is also necessary to 
complement TASTE capabilities to model 
the electrical and mechanical aspects. A 
robotic modelling tool will complement 
this. 
In addition, a robot component lifecycle 
template will be provided by ESROCOS. 

UR-02.2 Design and 
implementation.  

  Supported by the same tools as 
architecture engineering. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-02.3 Verification. Verification: checking of 
timing constraints and 
schedulability, but also of 
the constraints of the 
robotic system (e.g. 
geometry). 

The schedulability analysis capabilities of 
TASTE (using Marzhin. or Cheddar) will be 
augmented with BIP. In addition, 
verification of robot models may be 
specified using the robot modelling tool 
(TBC). 

UR-02.4 Validation. Validation: tools for data 
visualization, logging and 
simulation can facilitate 
validation activities.  

TASTE already provides tools to monitor 
the information flow of a component. 
Additional tools and capabilities can be 
added to provide a better consolidated 
view of logs across distributed systems. 

ESROCOS will integrate data visualization 
tools (e.g. rviz, vizkit3d) and simulation 
tools (e.g. Gazebo) to support the 
validation of robot controllers. 

UR-02.5 Management.   ESROCOS will use the autoproj build 
system, which facilitates software 
configuration control and dependency 
management, for its distribution and 
setup. This build system will also be 
usable for application developers. 

UR-02.6 Operation. Operation: It is 
necessary to control and 
monitor the robot TM. 

ESROCOS will provide an implementation 
of a set of PUS services for monitoring 
and control. In addition, the data 
visualization tools that support validation 
may also be useful for robot operations. 

UR-02.7 Maintenance. Maintenance: Tools 
should collect and 
analyse all the 
information from 
sensors, actuators, 
avionics, etc. 

Supported by the same tools as validation 
and management. 

UR-03 More precisely, the RCOS 
System shall support the 
following process: 

- - 

UR-03.1 Modelling of the robot 
controller logical 
architecture and 
interfaces. 

  The design of the logical architecture 
relies on a set of views: Data, Interface 
and Deployment Views. 
The Interface View allows the graphical 
definition of system functions with their 
provided/required interfaces (i.e., service 
oriented) and the specification of their 
intended behaviour. 

Extensions to these views are envisaged 
in the frame of ESROCOS. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-03.2 Generation of code 
skeletons and writing of 
the application code or 
models. 

- In TASTE, the source code skeletons are 
automatically produced in the desired 
programming language. This 
programming language is defined in each 
Function of the Interface View: 

The designer shall implement the code 
skeletons to complete the functionality of 
the software. This implementation is 

independent from:  
The underlying platform. 

- The interaction with the rest of 
the functions. 

- The real-time properties. 

Note: The SDL editor only includes an 
Ada code generator.  
Code generation based on the robot 
modelling tool may be also provided for 
functions derived from the mechanical 
and electrical models. 

UR-03.3 Modelling of the robot 
controller deployment. 

Additionally in robotics 
there is a need to model 
the robot mobile 
elements by means of 
joints/links/actuators 
representations. 

The Deployment View is used to define 
the hardware topology and the 
deployment of the system functions into 
processor nodes (namely into partitions). 
Additionally the Interfaces among nodes 
(distributed systems) shall be deployed 
onto buses. 
TASTE supports multiple platforms and 
drivers.  
 

UR-03.4 Verification of models. Models verification could 
be extended to verify 
kinematic chains and 
frame transformations. 

TASTE verifies that the different views are 
correctly created (e.g., the editor checks 
syntax error in the data types defined in 
the Data View). Additionally, build 
support tool performs semantic checks on 
these views. 
The proposed process creates systems 
that are correct-by-construction, so that 
the final executable ensures the 

designer’s requirements. 

TASTE also generates the Concurrency 
View in order to verify the real-time 
properties using different model analysis 
tools. 

The analysis and correct-by-construction 
capabilities for software models will be 
augmented with BIP. 
In addition, robot models will enable 
verification of system properties. 

UR-03.5 Building of the robot 
controller and 
downloading it on the 
target robot control 
hardware. 

A robotic platform is a 
highly heterogeneous 
system. Support of 
distributed processing 
units might be 
interesting (e.g., 
FPGAs/DSPs/µCs) at 
least for terrestrial 
applications. 

TASTE automates the build process on 
the target platform based on the 
modelling views and the functional code. 
The binary(ies) can be directly executed 
on the target platform. Both centralized 
and distributed systems are supported. 

Moreover, TASTE includes support for a 
specific FPGA target. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-03.6 Monitoring and 
integration with the 
robot controller at run-
time. 

Inspection and (re-
)configuration of 
components at runtime is 
essential for an 
operational use of the 
robot. 

Remote monitoring 
might make easier test 

operations (almost 
mandatory at laboratory 
application level). 

TASTE provides functionality to monitor 
the messages exchanged in real time 
(tracer.py/tracerd.py), and to visualize 
(MSC Tracer) and replay (msc2py) them. 
In addition, the PeekPoke component 
may be also used to monitor global 
variables and to plot and record data. 
Existing visualization tools for robotics 

data (e.g. vizkit3d, rviz) will be integrated 
in TASTE. 

For monitoring and control in the space 
quality environment, ESROCOS will 
provide a set of PUS services. 

Table 5-1. General Requirements 
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5.3. MODELLING REQUIREMENTS 

ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-04 The RCOS System shall 
use a model centric 
development approach, 
based on formalized 
languages with strong 
semantics. 

Different models for 
several aspects are 
needed in a complex 
robotic system e.g., one 
model for s/w, another for 
h/w, also behaviour, etc. 

Another possibility is the 
usage of a single model 
with different viewpoints 
according to specific 
concerns. Behaviour shall 
be also modelled. 

ESROCOS follows a meta-model approach 
for the robotics architecture, AADL for the 
functional/physical architecture, SDL for 
the components life-cycle and ASN.1 for 
data types. 

The latest developments in TASTE include 
the possibility to have several layers of 
Interface views; also robot models can 
provide additional views for kinematics. 

UR-05 The RCOS System 
modelling capability shall 
allow: 

-   

UR-05.1 To model the logical and 
the physical architecture 
of the robot controller. 

- Simulation and visualization tools to be 
integrated will use URDF for this purpose. 

In addition, integration with a robotic 
modelling tool is also foreseen. 

UR-05.2 To model components 
with provided and 
requested interface. 

- TASTE already provides this capability 

UR-05.3 To characterize the real-
time behaviour of 
interface (periodic, 
sporadic, synchronous). 

- TASTE Already provides this capability, In 
addition BIP and TASTE2BIP integration 
can be used for this purpose 

UR-05.4 To model the deployment 
view (hardware topology) 
for centralized and 
distributed robot 
controllers. 

- The deployment view will be enhanced 
with TSP concepts, so that different 
partitions can be contained in a single 
node (CPU). 

UR-05.5 To model the functional 
aspects of components 
(e.g., state machines) to 
model data types. 

A robotic development 
benefits from the 
availability of robotics 
specific data types in 
terms of developing time, 
cost and quality. 

The SARGON project has defined ASN.1 
types for common robotics data. These 
types will be expanded to support the 
library and tool components developed in 
ESROCOS. 

UR-05.6 To model sequence 
diagrams (e.g., MSC). 

MSC helps fast robotics 
application prototyping. 

TASTE allows for the modelling of 
component behaviour using SDL. 

UR-06 The RCOS System shall 
allow incorporating 
software components: 

    

UR-06.1 Either represented by a 
model that can be 
autocoded in an 
embeddable language or 

Some robotics 
frameworks already 
define specification 
templates (IDL-based) to 

allow automatic 
generation of skeleton 
source code. 

TASTE generates Ada source code for 
components modelled in SDL, and allows 
for the integration of Simulink or SMTP 
models. 

UR-06.2 Directly coded in an 
embeddable language. 

- TASTE generates source code skeletons for 
C, C++ and Ada languages. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-07 The RCOS System shall 
allow expressing data 
types in a formalized 
language, separating the 
encoding rules from the 
type’s specification. 

Most robotics frameworks 
define basic data types 
referred to 
mathematical/motion 
concepts (time, angle, 
points, position, pose, 
vectors/matrices in 
2D/3D). 

TASTE separates the definition of data 
types (ASN.1 language) from the encoding 
rules (ACN). 

UR-08 The RCOS System shall 
allow generating 
automatically. 

- - 

UR-08.1 The binary encoding 
(e.g., ASN.1) for the 
(endianness-neutral) 
exchange between 
distributed components 
and 

- TASTE generates ASN.1 encoder and 
decoder functions that allow for the 
transparent exchange of data between 
components running on different processor 
architectures and implemented in different 
programming languages. 

UR-08.2 Interface description of 
components (e.g., C/C++ 
headers of Simulink 
skeletons). 

The applications need to 
use a set or subset of 
C/C++ [RD11]. 

TASTE generates code skeletons for the 
programming language selected (e.g., C, 
C++, Ada, Python, Simulink, etc.). 

UR-121 The communication and 
synchronization between 

the tasks requires 
mechanisms to execute 
tasks based on the state 
of other tasks. The 
communication shall 
consider blocking and 
non-blocking interfaces. 

  The TASTE Interface View model 
distinguishes between four types of 

interface: cyclic (periodic), sporadic 
(asynchronous message), protected 
(blocking, with atomic execution) and 
unprotected (blocking, without atomic 
execution). 

UR-123 The RCOS shall support 
robotic platforms with 
different structure and 
locomotion means.  

Planetary rovers have so 
far used wheel based 
locomotion. However the 
RCOS should be 
adaptable to potential 
future forms of robot 
motion (i.e. 6-wheeled 
robot, legged robot). 

ESROCOS will be validated with two 
applications: a planetary rover and an in-
orbit manipulator. The robot modelling 
tools will not be limited to a particular type 
of robot. 

Table 5-2. Modelling requirements 
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5.4. VERIFICATION REQUIREMENTS 

ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-09 The RCOS System shall 
support the verification 
of: 

- - 

UR-09.1 Ambiguities with data. Some robotics 
frameworks verify proper 
connection of 
input/output data 
interfaces. 

Component interfaces in TASTE are 
strongly typed using ASN.1. 

UR-09.2 Missing interface 

information (behaviour, 
off-nominal handling, 
parameter constraints). 

External tools could be 

used to check the 
consistency of the 
software component 
models. 

The TASTE build system performs different 

checks on the consistency and 
completeness of the component interfaces 
and deployment. These checks may be 
augmented with BIP. 

UR-09.3 Sequencing (dynamic) 
issues (what is done in 
which order). 

Functional priority 
constraints between 
simultaneously activated 
tasks could be also 
verified. 

State machines can be implemented to 
define the sequence order. 

UR-09.4 Completeness of paths. - Ravenscar computational model is 
checked. All the functions shall be 
compliant with Ravenscar profile. 
Integration of BIP may enable additional 
verifications. 

UR-09.5 Resource starvation. - The testing capabilities of TASTE may 
allow detecting this condition. In addition, 
this verification may be supported by BIP. 

UR-09.6 Deadlocks. External tools might be 
used to detect the 
absence of deadlocks. 

The Ravenscar computational model used 
by TASTE prevents deadlocks in resource 
access. In addition, BIP and D-Finder may 
support verification of the absence of 
deadlocks for more complex behaviors. 

UR-10 The RCOS System shall 
provide features for early 
verification and testing of 
the generated robot 
controller based on 
correct-by-construction 
methods (e.g., BIP). 

  ESROCOS is based in the TASTE 
framework providing correct-by-
construction methodology together with 
the BIP approach allowing verifying the 
models during the design phase. 

UR-11 The RCOS System shall 
allow to plot numerical 
data in real-time, and to 
record sequence diagrams 
that can be later modified 
by the editor to re-run the 
scenario. 

Charts for plotting 
numerical data from the 
robot and tools to record 
sequence diagrams and 
data collected by the 
sensors are usual in 
current robot frameworks. 
It is also desirable not 
only for recording of 
numerical data and 
messages, the 
development also requires 
to replay sensor data at 
system level. 

TASTE provides an auto-GUI generation 
tool (telecommands and telemetries), 
record of sequence diagrams using MSC 
that can be re-run (e.g., regression 
testing) and data inspection and patching 
at runtime. ESROCOS will also allow 
interoperation with ROS/ROCK frameworks 
and 3D data visualization through e.g. 
rviz/vizkit visualizers. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-101 The RCOS System shall 
allow visualizing 3D 
environmental data in 
real-time, including 
sensor processed data 
from cameras (2D & 3D) 
and proprioceptive 
sensors such as IMU and 

encoders. 

Visualization is an 
important aspect for 
debugging, testing and 
controlling of the robotic 
platform. 

An external tool shall be integrated in 
TASTE platform to represent the 3D data 
in real-time. The vizkit3d has been used in 
the frame of SARGON. Improvements to 
the SARGON component and additional 
tools may be added. 

UR-102 The RCOS System shall 
allow the monitoring of 
system state and 
components state 
machines and of any type 
of processed data. 

Support for the operator 
as well as for autonomous 
system state validation 

TASTE allows the visualization in real-time 
of the state machines to monitor the state 
of the Function. 

UR-103 The RCOS System shall 
allow logging of any type 
of processed data. 

In robotics systems "data 
is king" and having 
logging and telemetry 
capabilities helps to 
analyse, debug and 
perform post-mortem 
evaluations. 

TASTE provides a tracing capability to log 
the messages exchanged by the 
components. This capability may be 
improved to allow for a consolidated view 
of distributed systems. 
In addition, a generic message logging 
function for use in a distributed 
environment will be provided. 

UR-12 The RCOS System shall 
allow generating test 
cases in a scripting 
language (e.g., Python) 
from the sequence 
diagrams. 

The usage of scripting 
languages facilitates the 
development and test of 
robotics applications. 

Different Python scripts can be defined to 
test the system. These scripts can be 
generated from the sequence diagrams 
(MSC). 

UR-13 The RCOS System shall 
support schedulability 
analysis (e.g., interfacing 
with CHEDDAR, MAST, 
and Marzhin). 

A robotics system is an 
embedded platform, 
schedulability analysis is 
key to guarantee the 
performance and 
feasibility. 

TASTE generates automatically the 
Concurrency View from the user model 
(i.e., Data View, Interface View and 
Deployment View). TASTE generates the 
PolyORB-HI (C/Ada) containers that 
instantiate the communication entities 
(e.g., Ada tasks, RTEMS threads, etc.). 
Summing up, PolyORB-HI provides the 
following services: tasking management, 
data (e.g., locking primitives), 
communication (inter and intra process 
communication), device drivers 
(interaction with drivers). 
The Concurrency View can be used to 
perform different analyses. TASTE is 
integrated with CHEDDAR and Marzhin to 
perform these analyses. 

UR-14 The RCOS System shall 
support the following 
levels of verification 
depending on the RCOS 
Target quality level: 

  - 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-14.1 Lab quality verification: 
robot application software 
verified, however RCOS 
Target provided as-is  

Verification of timing 
constraints may be done 
at preliminary level (as 
the platform does not 
provide real-time 
guarantees). 
Fast prototyping is 
required and verification 

capabilities should be 
already integrated within 
the robotics framework. 

TASTE includes: 

- Syntax and semantic checks on 
models. 

- New tests can be defined using 
Python (e.g., regression tests). 
gprof tool can be used to perform 
performance analysis. 
CHEDDAR, Marzhin for 

schedulability analysis. 

- LCOV for code coverage analysis. 

- Additional capabilities are to be 
added by BIP. 

- Verification of robot models will 
be provided by a robotic 
modelling tool 

UR-14.2 Hi-Rel quality verification: 
the whole robot controller 
shall  be verified to the 
maximum  
extent possible without 
compromising 
compatibility with 
terrestrial robotics 
customs (e.g. 
communication  
protocols) 

Custom scheduling 
policies could be verified 
together with the 
application software. 

While in the lab quality platform it is not 
guaranteed that the model properties 
verified by TASTE or BIP are preserved, 
the hi-rel platform does preserve these 
properties. 
A hi-rel system may be connected to a 
laboratory system to make use of tools 
(e.g. simulation, visualization, logging) 
that are only available in such an 
environment. The communication with the 
lab environment cannot preserve the 
timing properties. 

UR-14.3 Space quality verification: 
the whole robot controller 
shall be verified to the 
maximum extent possible 
and make use of space 
standards (e.g. 
communication protocols) 

Full evaluation of the 
model scheduler overhead 
could be taken into 
account into the timing 
validation. 
Need of source code 
coverage and memory 
analysis. 

In a space quality environment, the usage 
of tools running in a lab environment is 
not possible. PUS services can be used 
instead for monitoring and control 
purposes. The verification of the robot 
controller can therefore be complete. 

UR-15 The RDEV shall support 
the transitioning of the 
application code from lab 
quality to hi-rel quality 
and space quality by: 

- - 

UR-15.1 Providing tools that can 
detect in the application 
code, language, and 
architectural and 
implementation features 
that cannot be present in 
the hi-rel quality and 
space quality targets. 

Lab quality level might 
use operating system 
features (e.g. files) not 
necessarily present under 
hi-rel and space quality 
targets. 

A new capability should be implemented 
(e.g., Python) to verify it. 

UR-15.2 Providing profiling tools 
that can detect wether 
the application code 
resources exceed the 
resources available in the 
hi-rel quality and space 
quality targets. 

Lab quality level might 
use extensive resources 
(memory, CPU) not 
available later on at the 
space quality level and 
early detection of 
criticalities is required. 

TASTE includes memory and performance 
analysis tools. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-108 ESROCOS shall support 
WCET estimation. 

Robotic applications 
require a WCET analysis 
for schedulability and 
resource allocation 

TASTE supports schedulability analysis and 
WCET estimation for an application, taking 
as input the estimated WCET of each 
atomic function. The WCET calculation of 
atomic functions will not be supported, as 
this normally requires proprietary software 
tools. 

UR-111 ESROCOS shall be able to 
adapt the scheduling of 
tasks to the needs of 
safety-critical functions. 

  ESROCOS may support the analysis of 
controllers with different operational 
modes, each having its own schedule 
known at design time. 

Table 5-3. V&V requirements 
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5.5. IMPLEMENTATION, DEPLOYMENT & MAINTENANCE 

REQUIREMENTS 

ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-16 All the qualities of the 
RCOS Target shall 
implement the same API 
towards application 
software. 

Common APIs is a great 
feature in software 
development but not only 
for robotics applications. 
Nevertheless, it is 
beneficial for robotics 
systems as fast changing 
software systems. 

The glue layer adapts the application layer 
code to the lowest parts of the systems, 
whereas the middleware layer provides a 
transparent distribution of services for 
applications running on the same or 
different computer, and adapts the glue 
code according to the target platform. 

UR-17 The RCOS Target 
laboratory quality shall 
make use of a Linux 
operating system 
implementing POSIX.1b  
and POSIX.1c. 

Hard real-time is many 
times required by a 
subset of components. 

TASTE can generate applications running 
on Linux. 

UR-18 The RCOS Target (Hi-rel 
and Space quality) shall 
use RTEMS as real-time 
operating system. 

RTEMS is an open source 
real-time operating 
system commonly used in 
the space industry 

TASTE can generate applications running 
on RTEMS as real-time operating system. 
It is provided in the Ocarina library and 
can be selected in the Deployment View. 

UR-19 The RCOS Target (Hi-rel 
and Space quality) shall 
be implemented using 
either Ada or C or a 
subset of C++ suitable for 
real-time applications. 
The following language 
features shall be avoided: 
- Multiple inheritance 

- Virtual base classes 

- Run-time type 
information (typeid) 

- New style casts 
(static_cast, 
dynamic_cast, 
reinterpret_cast and 
const_cast) 
-The mutable storage 
class specifier 

- Namespaces 

- Exceptions 

- Templates 

A robot, as a critical 
system, benefits from 
real-time applications on 
those programming 
languages. 

TASTE supports C, C++ and Ada 
programming languages. When generating 
code skeletons for C++, TASTE uses a C-
compatible subset; other C++ features 
can be used at the implementation level. 
ESROCOS components developed for the 
space quality environment will not make 
use of the language features indicated by 
the requirement. 

UR-20 The RDEV shall make use 

of a tool for the design of 
architecture and 
composition of 
elementary components 
(e.g. TASTE framework). 

TASTE brings a formal 

language definition to 
robotics applications. 

ESROCOS will be an extension of TASTE 

(partially) that is the core of the 
middleware 

UR-21 The RDEV shall provide 
support for the following 
computer architectures: 

- - 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-21.1 X86, ARM and PPC for the 
lab-quality and Hi-rel 
quality targets. 

Robotics systems have a 
wide variety of processing 
units. 

TASTE can generate applications for the 
required targets running Linux. Simulation, 
visualization and monitoring tools will run 
on x86/Linux; these tools may 
communicate at runtime with other 
systems using IP sockets. 

UR-21.2 ARM and SPARC (LEON) 
for the Hi-rel quality and 
Space quality targets. 

This is desirable mainly 
for space robotics. 

TASTE can generate applications for the 
required targets running RTEMS 
Simulation, visualization and monitoring 
tools will run on x86/Linux; these tools 
may communicate at runtime with other 
systems using IP sockets. 

For the space quality targets, 
communication with simulation, 
visualization and monitoring tools may not 
be possible with the required timing 
properties. Monitoring and control will be 
enabled by PUS services. 

UR-115 ESROCOS shall provide a 
common API for general 
hardware access, e.g. 
memory access, send 
message via bus. 

The hardware abstraction 
is important to allow a 
hardware resource 
allocation by the 
management layer on top 
of the operating system 
for specific applications. 

Robotic controller applications will access 
the hardware resources using the Linux, 
RTEMS or AIR APIs, depending on the 
configuration. 
RTEMS provides a POSIX API, which eases 
the portability with Linux. However, this 
API is not part of the qualified version of 
RTEMS (tbc). 
Communication between components and 
with devices will be performed by the 
TASTE middleware, transparently to the 
application. 

UR-116 The implemented drivers 

shall be space-qualifiable. 

 The drivers to be developed in ESROCOS 

will follow the ECSS standards aiming for 
criticality level C, within the effort 
constraints of the project. 

UR-117 The low-level device 
control should enable 
commanding of single 
peripherals. 

 In TASTE, it is possible to define how high-
level function interfaces using ASN.1 are 
encoded for controlling and accessing 
hardware devices. 

UR-118 The low-level device 
control shall be 
commandable by ground 
control. 

Give Ground Control full 
control of the system, 
especially in case of a 
system fault. 

Ground control will be enabled by PUS 
services, which will be modelled in TASTE. 
Certain services may be mapped to device 
control, using the capabilities of TASTE. 

UR-119 Teleoperation of a 
manipulator shall be 
possible. 

 ESROCOS will include a set of PUS 
services, although it will not implement 
TM/TC encoding or decoding at the level of 
the CCSDS protocol. 
 
Teleoperation in the lab environment will 
be possible by using IP sockets over a 
wireless network. 
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ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-124 The RCOS will need to 
communicate and 
coordinate with other 
rovers running a RCOS. 

Future planetary missions 
will be conducted with 
more than one robotic 
system. Robotic 
cooperation is a potential 
requirement for a 
Mars/Lunar sample return 
mission; as a complex 

sample exchange 
between a rover and 
lander is envisaged. 

A communication channel with a different 
robot can be modelled in TASTE using a 
device driver. The TASTE approach 
separates the application design from the 
implementation of the communications 
channel, which makes possible to develop 
multi-robot systems.  
In the course of the ESROCOS project, it is 

not foreseen to develop a wireless 
communication driver for the space quality 
scenario. 
Nevertheless, the TASTE middleware can 
be deployed using IP sockets, which 
makes possible to have wireless 
communication in a lab environment. 

UR-125 The RCOS will need to 
operate with limited or no 
communication from 
ground station for 
extended periods of time. 

Current and planned 
planetary rovers operate 
with varying degrees of 
autonomous behavior. 
Thus allowing greater 
utilisation of the platform 
with delayed and 
intermittent tele-
commands 
communications. The 
RCOS should offer various 
levels of autonomous 
behaviour. 

While onboard autonomy is out of the 
scope of ESROCOS, the RCOS will provide 
capabilities that allow for the 
implementation of autonomy functions at 
the application level, e.g. PUS services and 
FDIR. 

UR-126 The RCOS shall support 
multiple sensors of 
various types. 

Planetary exploration 
from a vehicle perspective 
offers complex navigation 
problems. Perceiving the 
rovers environment, via 
platform mounted 
sensors, is a crucial first 
step. Support for different 
sensor types (i.e. Vision, 
LIDAR) will offer flexibility 

for future robotic 
operations. 

ESROCOS will provide a set of ASN.1 types 
for common robotics data, including 
sensors. 

UR-128 The RCOS will facilitate to 
interface with scientific 
payloads developed by 
3rd parties. 

Planetary robotic missions 
up to the present have 
been driven by the goal of 
scientific discovery. The 
RCOS will need the 
capacity to interact with a 
variety of scientific 
payloads and manage 
data gathered from them. 
Standard space certified 
interfaces such as MIL-
STD-1553b and 
SpaceWire should be 
available. 

ESROCOS will develop drivers for CAN BUS 
and EtherCAT. Other drivers already 
available for TASTE and RTEMS may be 
used  in ESROCOS. 

Table 5-4. Implementation, deployment & maintenance requirements 
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5.6. SIMULATION TOOL REQUIREMENTS 

ID Requirement Comments for robotic 
applications 

ESROCOS approach 

UR-104 The RCOS system shall 
support the integration 
with Physics engines (i.e., 
ODE, Bullet Physics). 

Physic engines are used 
during many cycles of a 
robotic system (i.e. 
design, validation, 
running). Interfacing with 
simulation engines from 
the RCOS perspective is a 
requirement. The timing 
aspect of a Physics engine 
is critical. 

The robot simulation tool that will be 
integrated in ESROCOS includes a Physics 
engine. 

UR-105 The RCOS system shall 
support the integration 
with simulation 
environments (f.i 
Gazeebo) 

Robot simulation is an 
essential tool in every 
roboticist's toolbox. A 
well-designed simulator 
makes it possible to 
rapidly test algorithms, 

design robots, and 
perform regression 
testing using realistic 
scenarios. 

A robot simulation tool will be integrated in 
ESROCOS. The applications designed in 
TASTE will be able to communicate with 
the simulator using the TASTE middleware. 
The simulator will be deployed in a lab 
environment. 

Table 5-5. Simulation requirements 

 

 

 

  



 

  Code: ESROCOS_D1.2  

Date: 31/08/2018 

Version: 1.3 

Page: 36 of 65 

 

ESROCOS © ESROCOS Consortium 2018, all rights reserved System Requirements 

 

5.7. NUCLEAR ENVIRONMENT SPECIFIC REQUIREMENTS 

ID Requirement ESROCOS approach 

DR-20-1 The ESROCOS system shall provide means for the developer 
to include information in the models regarding: 

- The functions provided; 

- The interfaces with applications; 

- The roles, types, formats, ranges and constraints of 
inputs, outputs, exception signals, parameters and 
configuration data, where appropriate; 

- The different modes of behaviour and the 
corresponding conditions of transition; 

- Any constraint to be respected when using the pre-
developed software. 
When applicable, information regarding the 
performances (for example, in terms of response 
time) of the functions. 

All these information shall be 
provided by the user using the 
development tools (mostly TASTE 
is involved in this process) 

DR-20-2 The ESROCOS system shall provide the possibility to perform 
resource usage analysis (WCET time for execution, and 
memory) to comply with the corresponding requirement for 

Nuclear environment 

The TASTE framework already 
provides this capability 

DR-20-3 The ESROCOS system shall provide means for completing the 
information on the  tests in order to record: 

- The version concerned and, when relevant, the 
configuration of the pre-developed software; 

- A description of the tests performed and, when 
relevant, of the environment used, so as to allow 
these tests to be repeated in identical conditions; 

- The hypotheses made, and evidence of their 
validity; 

- The pass/fail criteria 

-  The conclusions reached when executing 

All these information shall be 
provided by the user using the 
development tools (mostly TASTE 
is involved in this process) 

DR-20-7 If C++ language is used on ESROCOS for safety critical 
functions, MISRA C++:2008 rules along with the ISO/IEC 
14882:2003 C++ standard shall be applied. 

Note: Exceptions apply for the 
automatically generated code by 
TASTE and other tools 

Table 5-6. Requirements for the nuclear environment 
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6.  RCOS AND RDEV TECHNICAL REQUIREMENTS 

This section describes the requirements to be provided by each building block (SW 

asset) that we plan to take part of the ESROCOS solution. This section is subject to 

change, and will be refined according to the features and extensions of the 

toolset/components and the software to be performed.  

6.1. ROBOTICS MODELLING 

In order to approach the development of a robotics application from a model-driven, 

correct by constructions perspective, ESROCOS will provide means to model the robot 

geometry, kinematics and hardware. These models need to be aware of the models 

used to analyse other aspects of the robot, both within ESROCOS (e.g. AADL system 

models) and outside (e.g. planning models). 

ID Trace Requirement Requirement rationale 

MOD-R01 UR-01 
UR-03.4 
UR-04 

Kinematic modelling of a robot shall be 
possible in ESROCOS via the use of a 
robotic modelling tool. 

  

MOD-R02 UR-03.4 

UR-04 

The ESROCOS robotic modelling tool will 

be based on a semantic models of 
kinematic chains. 

  

MOD-R03  DELETED  

MOD-R04 UR-05.1 
UR-123 

The envisaged scope of the modelling 
shall contain all lumped-parameter robot 
"arms", "mobile platforms" and 
"grippers". 

  

MOD-R05 UR-04 Multi-model representation: The model 
shall allow the generation of several 
models for a given robot, with different 
shapes or masses connected to it. 

  

MOD-R06 UR-03.4 Constraints to keep such multi-model 
representations for a robot consistent 
shall be provided in the tooling. 

  

MOD-R07 UR-123 A core algorithm shall compute the 
motion behaviour of all of the above-
mentioned robot systems. 

This is the so-called “kinematics 
instantaneous motion solver”  

MOD-R08 UR-04 The core algorithm (motion solver) will 
work based on a model of the semantic 
model of kinematic chains. 

  

MOD-R09 UR-04 The robotic modelling toolset shall allow 
the generation of AADL models aimed to 
integrate the generated solvers (C-code) 
in the TASTE framework. 

The resulting code from a offline query of 
a This shall be compliant with MOD-R10 

MOD-R10 UR-06.1 The robotic modelling tool shall allow C-
code generation of kinematics and 
dynamics solver, with guaranteed 
constraints on (statically allocated) 
memory and (discretely checked, runtime 
"anytime solver") worst case execution 

time. 

  

MOD-R11 UR-04 Semantically well-formed queries shall be 
used to request certain computations 
over an independently defined robot 
model. 
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ID Trace Requirement Requirement rationale 

MOD-R12 - The robotic modelling toolset shall export 
and import  kinematics and physical 
properties from existing URDF files. 

There is no common, open format 
supported by common CAD tools (e.g. 
ProE/Creo, SolidWorks). There exist 
proprietary plugins for CAD programs to 
export to Simscape xml format. There 
exists a prototype tool to convert from 
Simscape to URDF. There exist a 
SolidWorks plugin to export to URDF. In 
addition, URDF is already widely used in 

the robotics community. 

Table 6-1. Robotics modelling requirements 
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6.2. ADVANCED DATA TYPES REQUIREMENTS 

In connection with the MDA, the use of data models brings generalization and platform 

independent definition of data structures. Data types required in robotics, such as those 

defined by ROCK or ROS, need to be formally defined using ASN.1. This building block 

will provide a minimal set of advanced types to define the RCOS data-flow. 

ID Trace Requirement Requirement rationale 

DAT-R01 UR-02.1 
UR-02.2 
UR-05.1 
UR-05.2 
UR-07 

Data types that are common in robot 
software development should be 
provided by RCOS. That includes data 
types for: 

In order that software modules are inter-
operable, they must share the same data 
structures for communication. There 
should be a pool for such data structures. 

DAT-R01.1  - Joint states and commands (position, 
speed, acceleration, effort) 

To allow joint-space control. 

DAT-R01.2 UR-126 - Sensor Data / Geometry data (Grey-
scale-, Color images, Point clouds, 
Inertial data) 

To allow sensor processing and sensor--
based control. 

DAT-R01.3  - Cartesian and dynamics control 
commands and status (Cartesian 
poses/velocities/accelerations, 
Forces/Torques) 

To allow Cartesian and dynamic control. 

DAT-R01.4 UR-103 - High-precision Time Stamps To allow precise data 
processing/alignment. 

DAT-R02 UR-02.1 
UR-02.2 
UR-05.1 
UR-05.2 
UR-126 
UR-128 

The pool of data types should be 
extensible. 

To support a broad range of applications 
and integration of many algorithms. 

DAT-R03  DELETED  

DAT-R04  DELETED  

DAT-R05 UR-08.1 The system should handle marshalling of 
data types with low latency. 

To allow high control rates. 

DAT-R06 UR-08.1 For marshalled data types, data 
consistency shall be maintained between 
different modules. 

To ensure interoperability of different 
software modules. 

DAT-R07  The Data Types should be compatible 
with different execution platforms. 
Including: 

To support development and testing under 
laboratory, high-reliability and space 
quality conditions. 

DAT-R07.1 UR-18 
UR-21.2 

- RTEMS For Space quality conditions, as requested 
by user requirement. 

DAT-R07.2 UR-17 
UR-21.1 

- Linux For laboratory conditions and high-
reliability conditions, as requested by user 
requirement. 

Table 6-2. Advanced data types requirements 
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6.3. FDIR REQUIREMENTS  

The ESROCOS solution foresees the inclusion of a pre-defined robotics template inspired 

in the nominal life-cycle of ROCK components. Such template will be implemented as 

state-machines using SDL (Specification and Description Language) following pre-

defined states (e.g. pre-operational, stopped, running, run-time error and fatal error). 

ID Trace Requirement Requirement rationale 

FDIR-R01 UR-05.5 
UR-125 

ESROCOS will allow for components to 
have a life-cycle in which different states 
of the component will be considered. 
These states can be monitored and 
triggered externally. 

An example of such lifecycle has been 
proposed in the SARGON project. 

FDIR-R02 UR-125 ESROCOS will allow to design an FDIR 
component that can trigger transition to a 
safe mode for other components. 

Exogenous events can cause transitions of 
the component to a safe state. Component 
lifecycles will be implemented as state 
machines (f.i., in SDL). Such state 
machines will be able to receive events 
that may trigger a transition to a safe 
mode. 

FDIR-R03 UR-125 The FDIR component will be able to 
receive relevant events of any ESROCOS 
component, to be triggered whenever the 
component switches to a safe mode.  

Endogenous events of the component can 
also cause a switch to a different state, so 
that the component commutes triggered  
by an internal event. Component lifecycles 
will be implemented as state machines 
(f.i., in SDL). Such state machines will be 
able to emit events that may report a 
transition to a safe mode. 

FDIR-R04 UR-125 The FDIR shall allow for switching into a 
pre-defined set of configurations, 
depending on fault signatures, in a 
predictable manner.  

At any given time, the system shall be in a 
predictable state. Dynamic reconfiguration, 
as part of the FDIR strategy, may be 
allowed but configurations and transitions 
shall be defined offline. This is enabled by 
using a state machine (f.i., in SDL) as the 
core of the FDIR component. 

Table 6-3. FDIR requirements 

6.4. VISUALIZATION AND DATA LOGGING REQUIREMENTS 

Data logger facilitates and unified the data analysis. The logging in ESROCOS will allow 

the storage of data-flow among components and the post-mortem analysis. The 

generated log files are self-contained. The logger will exclusively be dedicated to a 

laboratory environment since ESROCOS could generate an unbounded, large amount of 

data. Its equivalent in space quality applications are the TM/TC information from the 

PUS services. 

ID Trace Requirement Requirement rationale 

VIS-R01 UR-02.4  
UR-101 

ESROCOS shall allow integrating 
visualization tools in TASTE models 

E.g., vizkit3d, RViz.  

VIS-R02 UR-103 ESROCOS will have a data logging 
component 

Support development and debugging 
of the application. 

VIS-R03 UR-103 Log files should contain information about 
data serialization 

Allows to interpret log files while types 
might change. 

VIS-R04 UR-103 It should be possible to use logfiles as 
data source to connect to different 
components. 

E.g., using a log file containing camera 
images instead of an actual camera as 
data source fo an image processing 
algorithm. 

Table 6-4. Visualization and data logging requirements 
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6.5. PUS SERVICES 

The Packet Utilisation Standard (PUS) services [RD.26] [RD.27] provide standardization 

for the protocols and services that are to be used between the Ground and the Space 

segment. This building block will provide a set of PUS services that serve the TM/TC 

needs of space robotics applications. 

ID Trace Requirement Requirement rationale 

PUS-R14 UR-02.6  
UR-119 

ESROCOS shall include a software 
library for providing PUS services 
according to [RD.26], implemented at 

logical level. 

The PUS specification defines standard 
TM/TC services. In ESROCOS, TASTE 
provides the data transport transparently 
to the applications. The library will rely on 
TASTE for the transport level and 
implement the logic of the selected PUS 
services on top of it. 

PUS-R01 UR-02.6 
UR-119 

The PUS library shall provide the 
capability to set parameters (PUS 
ST[20]).  

This allows the configuration of the 
system’s software and how it interacts 
with its hardware. 

PUS-R02 UR-02.6 
UR-119 

The PUS library shall provide the 
capability to send housekeeping 
telemetry (PUS ST[03]). 

Provide a periodic status update on the 
system’s status. 

PUS-R03 UR-02.6  
UR-119 

The PUS library shall provide the 
capability to report when significant 
events occur (PUS ST[05]). 

Immediately informs the operators of an 
anomaly. 

PUS-R04 UR-02.6  
UR-118 
UR-119 

The PUS library shall provide the 
capability to invoke functions (PUS 
ST[08]). 

Allows changing a subsystem’s state 
(components mode) and processing of 
remote procedure calls. 

PUS-R05 UR-02.6 
UR-119 

The PUS library shall provide the 
capability to process time commands 
(PUS ST[09]). 

Set the system’s time and find its time 
offset. 

PUS-R07 UR-02.6 
UR-119 

The PUS library shall provide the 
capability to test its TM/TC connection 
(PUS ST[17]). 

Ensure that PUS commands can be sent 
and received. 

PUS-R08 UR-02.6 
UR-119 
UR-125 

The PUS library shall provide the 
capability to execute chained 
timetagged commands (PUS ST[11]). 

A set of commands allows a procedure to 
be executed. 

PUS-R09 UR-02.6 
UR-14.3 
UR-119 

The PUS library shall provide the 
capability to execute telecommands 
and verify them via telemetry packets 
(PUS ST[01]). 

Necessary for the basic commanding of 
the space segment and the verification of 
the correct on-board execution. 

PUS-R10 UR-02.6 
UR-119 

The PUS library shall provide the 
capability to monitor the system state, 
based on parameter values (PUS 
ST[12]). 

This enables the system to identify on-
board anomalies 

PUS-R11 UR-02.6 
UR-119 
UR-125 

The PUS library shall provide the 
capability to perform actions upon the 
occurrence of events (PUS ST[19]). 

A robotic system might require a fast 
reaction time, based on the mission phase 
and the anomaly, which has to be 
conducted autonomously. An event-action 
table may support the timely reaction to 
events. 

PUS-R12 UR-02.6 
UR-119 

The PUS library shall provide the 
capability to manage an on-board file 
system (PUS ST[23]). 

Many complex data structures of different 
on-board data sources are expected to be 
handled on-board. To manage them 
effectively and maintain scalability a file 
management system is required.  

PUS-R13 UR-02.6 
UR-119 
UR-125 

The PUS library shall provide the 
capability to execute On-Board Control 
Procedures (PUS ST[18]).  

An on-board interpreter supports the 
operation of the system in the presence of 
delays. 

Table 6-5. PUS Services requirements 
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6.6. BASIC ROBOTIC LIBRARIES 

Libraries are the software concept to compute the algorithms. While specific robotics 

domain will provide their own libraries (i.e.: perception, control, manipulation) for their 

specific needs, ESROCOS will provide basic libraries that facilitate the integration 

process in such specific domain applications. This building block consists of a set of 

libraries that simplify the task of creating complex and robust robot behaviour across a 

wide variety of robotic platforms.  

ID Trace Requirement Requirement rationale 

RLIB-R01 UR-05.1 There should be libraries to support 
developers with handling geometrical 
transformations 

Geometrical operations are often required 
in robotics, e.g. in Cartesian control tasks. 

RLIB-R03 UR-05.5 There should be libraries to support 
developers with aligning time-stamped 
data 

Handling of data captured asynchronously 
is a common activity in robotics. 

RLIB-R04 UR-123 The system shall be extensible. It should 
be possible to integrate additional 
robotics libraries 

Rather than many explicit features, most 
important is a good extendibility of the 
ESROCOS framework, such that future 
developments can contribute to the  
feature set of ESROCOS. 

Table 6-6. Robotic library requirements 

6.7. MIDDLEWARE SERVICES 

One of the main requirements for ESROCOS is the use of a model-driven architecture 

(MDA) approach. The TASTE framework has been developed by ESA for model-driven 

development of software for space systems. Systems in TASTE are modelled using 

ASN.1 (data), AADL (architecture) and, optionally, SDL or Simulink (behaviour). 

ESROCOS will integrate TASTE and allow the users to generate, from the model, 

components and glue code for different platforms, such as Leon/RTEMS and Intel/Linux. 

The code generated by TASTE will comply with the RAMS required for space 

applications. Meetings with the different stakeholders involved in the development of 

TASTE (ESA, Ellidis, ISAE, and GMV) have been conducted during this phase, to identify 

those features that are to be developed in the frame of ESROCOS, avoiding duplication 

of activities in different projects related to TASTE. Also considering that some 

extensions are to be developed in the frame of OG2, some of these requirements might 

be developed in that particular project (TBC). This is indicated in the Requirement’s 

rationale.  

ID Trace Requirement Requirement rationale 

MID-R30 See § 8.  ESROCOS will include the TASTE 
framework. 

To provide model-based software 
engineering capabilities. 

MID-R12 - TASTE shall avoid copying data between 
the application and the middleware level 
when not necessary (e.g. no 
encoding/decoding is needed).  

Removal of unnecessary data copies 
improves performance. 

MID-R13  UR-05 It shall be possible to create library 
models in TASTE, containing functions, 
components, etc. that can be imported in 
other models. For import purposes, the 
library should be managed as a single 
entity. 

It is possible to do this now, but the fact 
that part of the validation only occurs 
when the glue code is generated means 
that in order to validate the 
implementation of the functions it is 
necessary to provide a deployment view 
and a set of dummy functions to connect 
all the required interfaces. A library should 
hide its internal details from the outside. 
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ID Trace Requirement Requirement rationale 

MID-R14 UR-03.5 TASTE shall expose the build options 
through the graphical editors, instead of 
through the build script. 

This would improve user-friendliness, and 
ensure all model artefact are managed at 
TASTE project level. Synergies with OG2 
are possible. 

MID-R15 UR-05 It should be possible to control the 
appearance (colour, font) of model 
elements. 

Colours and such can be used to convey 
meaning, e.g. when documenting a model. 
Synergies with OG2 are possible. 

MID-R16 UR-05 The editable area in the TASTE modelling 
tools shall be unlimited, being it possible 
to zoom in and zoom out. 

To represent large models. Synergies with 
OG2 are possible. 

MID-R17 UR-03.1 
UR-05 

The graphical representation of different 
types of model elements shall be different 
(e.g. different types of interfaces). 

The architecture of the model shall be 
understood by looking at the graphical 
representation, without needing to open 
any dialogs. Synergies with OG2 are 
possible. 

MID-R18 UR-03.4 To the extent possible, validation shall 
take place at model level, not at the 
building stage. The validation of the 
model should be a different operation 
than the code generation and building. 

Examples of errors that are detected only 
at build time are: unconnected RIs, SDL 
models with synchronous PIs, invalid 
identifiers (e.g. in SDL), functions not in 
the deployment view, usage of IA5String, 
access to a synchronous PI in a different 
partition.  

MID-R19 UR-03.5 The components of a TASTE application 
(functions, middleware code, data types 
code, etc.) should be generated as 
independent libraries that are built 
separately and then linked together into 
the final executable(s). 

To facilitate unit testing, code analysis, 
configuration management.  Synergies 
with OG2 are possible. 

MID-R23 UR-03.1 
UR-05.2 

It shall be possible to model a multicast 
sporadic interface. 

With the current design, in order to 
dispatch one message to many 
destinations it is necessary to add an 
intermediate function with several identical 
required interfaces. This could be done 
directly by the middleware. This kind of 
data dispatching is common in robotics 
applications. 

MID-R24 UR-03.1 
UR-03.3 
UR-05.4 

It shall be possible to export and import 
hierarchical functions in a model, and to 
deploy them in the deployment view. 

The hierarchical functions inside a 
container should represent a unit of 
functionality. 

MID-R25 UR-02.2 It shall be possible to set the context 
parameters of a function from a 
configuration file. This file may be 
inserted in the executable by converting 
it to a C header file, a binary object file, 
in memory tables, or similar. 

Separation of configuration data and 
functions in the generated code. Synergies 
with OG2 are possible. 

MID-R29   DELETED  

Table 6-7. Middleware service requirements 
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6.8. BIP REQUIREMENTS 

The BIP (Behaviours, Interactions and Priorities) [RD.12] framework provides a 

methodology for building real-time systems consisting of heterogeneous components, 

enabling formal verification. BIP complements TASTE by putting the focus on the 

incremental composition of heterogeneous components, correctness-by-construction for 

essential system properties, and automated support for component integration.  

ID Trace Requirement Requirement rationale 

BIP-R01 UR-05.3 
UR-10 

ESROCOS shall allow to perform 
performance analysis using TASTE in 
combination with TASTE2BIP tool 

A systematic method for building 
stochastic abstract performance models 
using statistical inference and model 
calibration and we propose statistical 
model checking as performance evaluation 
technique upon the obtained models. 

BIP-R02 UR-02.3 
UR-05.3 
UR-13 
UR-108 
DR-20-2 

ESROCOS shall perform schedulability 
analysis using, where appropriate, 
CHEDDAR and Marzhin, and, if necessary, 
other open-source tools. 

The appropriate scheduling policies 
supported by these tools should be 
modelled in BIP. By “appropriate” we 
mean the policies that can be reused in 
the new task workload and resource 
management models. 

BIP-R03 UR-14 The BIP tools shall check the models 
following the three levels of verifications 
(lab quality verification, hi-rel quality 
verification and space quality 
verification). 

At the lab quality level BIP could be used 
to check timing consistency assuming zero 
execution times. At the hi-rel level, 
schedulability with non-zero execution 
times could be checked. Finally, at the 
space level, also the runtime scheduler 
overhead could be checked. 

BIP-R04 UR-05.3 
  

ESROCOS shall allow to verify the RAMS 
properties of TASTE designs. 

TASTE tools, in combination with 
TASTE2BIP will be used to check these 
techniques. Nevertheless formal 
verification could be applied only if a 
formal semantic is provided to TASTE. 

BIP-R05 UR-03.4 
UR-05.3 

TASTE2BIP shall allow to create BIP 
models taking as inputs the specification 
of: 

- The application software procedures of 
a TASTE model 

- Task execution sequence specification 

- Task timing pattern specification 

- Modes 

- Custom resource management and 
scheduling policy 

For different elements mentioned here the 
BIP models are to be used either as input 
for specification or as output that is 
automatically generated from specification. 

BIP-R06 UR-05.3 
UR-09 

ESROCOS shall allow to execute BIP 
models in the BIP Run Time Environment 
(BIP RTE). 

The BIP framework already guarantees 
this. 

BIP-R07 UR-05.3 Next to application functions in TASTE-IV 
and the timing properties in TASTE-CV, 
the new architecture of the design flow 
shall foresee the translation of TASTE to 
BIP also for basic features of Deployment 
View (TASTE-DV): mapping to partitions 
and to bus protocols. 

Some basic models for time partitioning 
and bus protocols should be defined, e.g. 
modelling user specified partition sizes and 
throughput/latency/jitter/buffer size of the 
bus protocols. 

BIP-R08 UR-09 The BIP D-Finder tool will be integrated 

into the TASTE framework. 

The integration will be ensured by using 

the TASTE2BIP tool. 
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ID Trace Requirement Requirement rationale 

BIP-R09 UR-09 TASTE2BIP shall be compatible with the 
Ravenscar profile being used by TASTE. 

TASTE uses the Ravenscar computing 
model to ensure that the schedulability 
properties of the model are preserved in 
its implementation. 

BIP-R10 UR-09 The BIP tools should allow the detection 
of resource starvation during the analysis 
phase. 

This is a need for RAMS and dependability 
analysis. 

Table 6-8. TASTE2BIP requirements 

6.9. MIXED-CRITICALITY APPROACH REQUIREMENTS 

Time and Space Partitioning (TSP) allows for the development of complex robotics 

applications with different criticality levels as real-time applications are isolated from 

each other in terms of time and space. The heart of these systems is a hypervisor, 

provided by this building block that segregates computing resources between partitions. 

ID Trace Requirement Requirement rationale 

TSP-R01 UR-03.3 
UR-05.4 

ESROCOS shall allow the definition of 
partitions with different criticality, 
following the TSP paradigm. 

Mixed criticality major feature through TSP 
solution. 

TSP-R02 UR-21.2 In ESROCOS the AIR hypervisor will 
provide the TSP features on space quality 
level applications. 

AIR is the enabler of TSP on target 
platform. 

TSP-R04 UR-03.3 
UR-05.4 

AIR shall load and run partitions binaries 
compiled from the TASTE source code 
customized for TSP. 

The TASTE generated source code needs 
to customize to TSP, the customization 
consists in the addition of AIR API calls, 
such external communication being done 
via AIR partitions ports and I/O partition. 

TSP-R05 UR-02.4 
UR-03.3 

A laboratory emulator/simulatorshall load 
and run partitions AIR binaries compiled 
from the TASTE source code customized 
for TSP. 

The TASTE generated source code needs 
to customize to TSP, the customization 
consists in the addition of API calls, such 
external communication being done via 
AIR partitions ports and I/O partition. 

TSP-R06 - All the configuration of AIR and 
respective partitions shall occur before its 
execution being specified at XML format. 

Already provided by AIR. 

Table 6-9. Mixed-criticality requirements 
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6.10. DRIVER REQUIREMENTS 

The proposed TASTE framework allows deploying applications on space-processor 

architectures (SPARC/RTEMS) and to communicate components with the external world 

using device drivers (e.g. Spacewire, 1553, serial). As part of the IMA building block, 

ESROCOS will offer an abstraction layer for the CAN bus (CANopen) and EtherCAT 

protocols, widely used in robotics but not yet available within TASTE. 

ID Trace Requirement Requirement rationale 

DRV-R01 UR-117 
UR-128 

ESROCOS shall allow the use of the CAN 
bus interface 

 It is commonly used in most space 
applications 

DRV-R02 UR-117 
UR-128 

ESROCOS shall allow the use of the 
EtherCAT interfaces working as a 
EtherCAT Master 

More and more robotic hardware comes 
with an EtherCAT interface.  To support 
the usage of this hardware ESROCOS 
needs to be able to communicate with 
these. 

DRV-R04 UR-21.2 

 

The CAN driver implementation shall use 
RTEMS CAN interface driver provided for 
the LEON SPARC processor 

 It is targeting the space application’s 
development 

DRV-R05 UR-116 The CAN driver shall allow nodes to 
exchange messages with the other nodes 
in the network (send and receive 
messages). 

 

DRV-R07 UR-21.2 
UR-128 

The EtherCAT driver implementation shall 
use RTEMS Ethernet interface driver 
(BSDNET) provided for the LEON SPARC 
processor 

 Using it as a Master 

DRV-R11 UR-116 
UR-128 

The EtherCAT/Ethernet driver shall be 
written in C, compliant with the MISRA-C 
2008 rules 

Requirement needed for the EtherCAT 
device driver software to be space 
qualified under category C level 

DRV-R12 UR21.2 ESROCOS CAN compatibility will be 
provided for the GR740 board CAN 
controller 

The list of CAN Controllers for ESROCOS 
compatibility has to be defined 

DRV-R13 UR21.2 ESROCOS will use the Ethernet controller 
of the GR740 board for the development 
of the EtherCAT drivers as a master 

 

DRV-R14 UR-116 The validation process of CAN and 
EtherCAT device drives shall ensure the 
defined and executed test shall reach at 
least a 80% statement and branches 
coverage. 

Requirement needed for the EtherCAT 
device driver software to be space 
qualified under category C level. 

DRV-R15 UR-116 The CAN and EtherCAT product metrics 
shall be adhere the specification set by 
ECSS-E-ST-40 [RD.28] and ECSS-Q-ST-
80 [RD.29] standards. 

Requirement needed for the EtherCAT 
device driver software to be space 
qualified under category C level. 

DRV-R16 UR-116 The CAN and EtherCAT shall produce the 
documentation and the test evidence 
following the process set by ECSS-E-ST-
40 [RD.28] and ECSS-Q-ST-80 [RD.29] 
standards. 

Requirement needed for the EtherCAT 
device driver software to be space 
qualified under category C level. 

Table 6-10. Driver requirements 

6.11. CONTINUOUS INTEGRATION REQUIREMENTS 

Continuous Integration (CI) is a development practice that requires developers to 

integrate code into a collection of shared repositories. CI is a requirement in software 
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development where many partners intervene. ESROCOS will therefore be developed 

using tools that allow for CI. 

ID Trace Requirement Requirement rationale 

CIN-R04.1 UR-02.5 
UR-03.5 

Software development in ESROCOS 
should be supported by a system 
integration and build tool such as 
autoproj. 

  

CIN-R04.2 UR-02.5 
UR-02.7 
UR-03.5 

It should be possible to run automated 
builds and generate an error overview. 

  

CIN-R05 UR-02.5 
UR-02.7 

It should be possible to run automated 
component tests and code coverage 
reports of the components developed 
within ESROCOS. 

  

CIN-R06 UR-02.5 
UR-02.7 

It should be possible to automatically 
generate documentation overview of 
components developed in ESROCOS. 

  

CIN-R09 UR-02.5 
UR-02.7 

The build system shall provide commands 
to list local changes across several 
repository local copies, and to list the 
local and remote versions of all the 
repositories. 

Facilitate the management of changes 
across different repositories. 

Table 6-11. Continuous integration requirements 
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6.12. THIRD-PARTY OPEN SOURCE INTEGRATION 

Robotics frameworks like ROS or ROCK come with a large set of tools that enables fast 

prototyping and robot visualization, which are extremely helpful during development 

and monitoring (laboratory quality level).  Instead of creating similar new tools specific 

for the TASTE framework, ESROCOS will interface with existing tools on the middleware 

level. Using a bridge, a running ESROCOS application will be able to send data to 

visualize the robotic system and sensor measurements e.g. in 3D in RViz. Secondly the 

bridge can be used to test out controllers with a simulator such as Gazebo. 

ID Trace Requirement Requirement rationale 

INT-R01 UR-17 ESROCOS shall allow an easy 
integration and usage of existing ROS 
developments 

ROS provides a plethora of tools that can 
facilitate the development of robotic 
applications. These tools provide logging 
and visualisation options that can be 
integrated to TASTE. 

INT-R03 UR-105 
UR-104 

The RCOS system shall support the 
integration with simulation 
environments (i.e., gazebo). 

Simulation is an important tool in the 
development phase of any robotics 
application. Gazebo is a well-known 
simulator established in the robotics 
community. ESROCOS can use the facilities 
provided by Gazebo to enhance the 
development process with better simulation 
tools increasing the productivity output. 

INT-R05 UR-17 ESROCOS shall allow an easy 
integration and usage of existing 
ROCK developments 

Same as INT-R01. 

Table 6-12. Third-party requirements 

6.13. RCOS TARGET REQUIREMENTS 

The ESROCOS system will be able to generate code skeletons from the meta-models 

and to support the transitioning of the application code between three different quality 

levels: laboratory (Linux real-time), high-reliability (RTEMS/Linux real-time) and space 

(RTEMS). 

ID Trace Requirement Requirement rationale 

TAR-R01 UR-17 
UR-21.1 

ESROCOS laboratory environment should 
use Linux 64 bit x86 as target OS. 

While Linux 64 bit is the preferred 
platform, the choice depends on the 
availability of a reference TASTE install for 
the same platform. As a fall-back option, 
Linux 32 bit could be used instead. 

TAR-R03 UR-18 
UR-21.2 

ESROCOS will use SPARC + RTEMS OS 
with TASTE middleware for space level 
architecture, using the TASTE specific 
RTEMS version. 

RTEMS provides and environment ideal for 
space applications. 

TAR-R04 UR21.2 ESROCOS space application targets for 
SPARC will use the GR740 board. 

The development will have this board as 
target platform. 

Table 6-13. RCOS target environments 
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7.  VALIDATION APPROACH 

7.1. SELECTION CRITERIA 

In order to verify that the ESROCOS framework will fulfil the objectives defined in this 

document, the software will be validated against its system requirements. The 

validation strategy for ESROCOS takes into account that the framework integrates 

existing tools with new developments.  

Each of the system requirements is assigned one of the following validation methods: 

 T (T): the requirement is validated by a test case, univocally identified, which is 

performed following a test procedure and has a defined pass/fail criteria. 

 Review of Design (ROD): the validation of the requirement is ensured by tracing it to 

an element of the design solution and providing a justification. 

 Analysis (A): the requirement is validated by performing an analysis (e.g., 

mathematical or physical) of the design or the software product. 

 Inspection (I) or Code Review (CR): the requirement is validated by inspecting the 

product, or in the case of software, by reviewing the code or the associated 

documentation. 

The validation effort for the ESROCOS software will focus on the functionality that has 

been developed within the project. In consequence, the following criteria for selecting 

the validation approach for each requirement is established: 

 Newly-developed functionalities will be validated primarily by test. 

 Functionalities provided by existing software will be validated primarily by review of 

design.  

 For each existing software product integrated in ESROCOS, one or more tests will be 

added to verify the integration. 

To validate that the ESROCOS framework fulfils the requirements of final users, the 

system will be demonstrated in two scenarios provided by OG6 (in-orbit servicing and 

planetary missions), plus a nuclear scenario provided by VTT. 

7.2. VALIDATION METHODS 

The Table 7-1 assigs a validation method, from those listed above, for each of the 

system requirements defined in section 6.  

Table 7-1. Validation method for ESROCOS system requirements 

System 
Requirement 

Description Validation 
Method 

MOD-R01 Kinematic modelling of a robot shall be possible in ESROCOS via the 
use of a robotic modelling tool. 

ROD 

MOD-R02 The ESROCOS robotic modelling tool will be based on a semantic 
models of kinematic chains. 

ROD 

MOD-R03 DELETED  

MOD-R04 The envisaged scope of the modelling shall contain all lumped-
parameter robot "arms", "mobile platforms" and "grippers". 

ROD 

MOD-R05 Multi-model representation: The model shall allow the generation of 
several models for a given robot, with different shapes or masses 
connected to it. 

T 
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System 
Requirement 

Description Validation 
Method 

MOD-R06 Constraints to keep such multi-model representations for a robot 
consistent shall be provided in the tooling. 

T 

MOD-R07 A core algorithm shall compute the motion behaviour of all of the 
above-mentioned robot systems. 

T 

MOD-R08 The core algorithm (motion solver) will work based on a model of the 
semantic model of kinematic chains. 

T 

MOD-R09 The robotic modelling toolset shall allow the generation of AADL models 
aimed to integrate the generated solvers (C-code) in the TASTE 
framework. 

T 

MOD-R10 The robotic modelling tool shall allow C-code generation of kinematics 
and dynamics solver, with guaranteed constraints on (statically 
allocated) memory and (discretely checked, runtime "anytime solver") 
worst case execution time. 

T 

MOD-R11 Semantically well-formed queries shall be used to request certain 
computations over an independently defined robot model. 

T 

MOD-R12 The robotic modelling toolset shall export and import  kinematics and 
physical properties from existing URDF files. 

T 

DAT-R01 Data types that are common in robot software development should be 
provided by RCOS. That includes data types for: 

ROD 

DAT-R01.1 - Joint states and commands (position, speed, acceleration, effort) ROD 

DAT-R01.2 - Sensor Data / Geometry data (Grey-scale-, Color images, Point 
clouds, Inertial data) 

ROD 

DAT-R01.3 - Cartesian and dynamics control commands and status (Cartesian 

poses/velocities/accelerations, Forces/Torques) 

ROD 

DAT-R01.4 - High-precision Time Stamps ROD 

DAT-R02 The pool of data types should be extensible. ROD 

DAT-R05 The system should handle marshalling of data types with low latency. T 

DAT-R06 For marshalled data types, data consistency shall be maintained 
between different modules. 

T 

DAT-R07 The Data Types should be compatible with different execution 
platforms. Including: 

T 

DAT-R07.1 - RTEMS T 

DAT-R07.2 - Linux T 

FDIR-R01 ESROCOS will allow for components to have a life-cycle in which 
different states of the component will be considered. These states can 
be monitored and triggered externally. 

T 

FDIR-R02 ESROCOS will allow to design an FDIR component that can trigger 
transition to a safe mode for other components. 

T 

FDIR-R03 The FDIR component will be able to receive relevant events of any 
ESROCOS component, to be triggered whenever the component 
switches to a safe mode.  

T 

FDIR-R04 The FDIR shall allow for switching into a pre-defined set of 
configurations, depending on fault signatures, in a predictable manner.  

T 

VIS-R01 ESROCOS shall allow integrating visualization tools in TASTE models T 

VIS-R02 ESROCOS will have a data logging component T 

VIS-R03 Log files should contain information about data serialization T 

VIS-R04 It should be possible to use logfiles as data source to connect to 
different components. 

T 
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System 
Requirement 

Description Validation 
Method 

PUS-R14 ESROCOS shall include a software library for providing PUS services 
according to [RD.26], implemented at logical level. 

ROD 

PUS-R01 The PUS library shall provide the capability to set parameters (PUS 
ST[20]).  

T 

PUS-R02 The PUS library shall provide the capability to send housekeeping 
telemetry (PUS ST[03]). 

T 

PUS-R03 The PUS library shall provide the capability to report when significant 
events occur (PUS ST[05]). 

T 

PUS-R04 The PUS library shall provide the capability to invoke functions (PUS 
ST[08]). 

T 

PUS-R05 The PUS library shall provide the capability to process time commands 
(PUS ST[09]). 

T 

PUS-R07 The PUS library shall provide the capability to test its TM/TC connection 
(PUS ST[17]). 

T 

PUS-R08 The PUS library shall provide the capability to execute chained 
timetagged commands (PUS ST[11]). 

T 

PUS-R09 The PUS library shall provide the capability to execute telecommands 
and verify them via telemetry packets (PUS ST[01]). 

T 

PUS-R10 The PUS library shall provide the capability to monitor the system 
state, based on parameter values (PUS ST[12]). 

T 

PUS-R11 The PUS library shall provide the capability to perform actions upon the 
occurrence of events (PUS ST[19]). 

T 

PUS-R12 The PUS library shall provide the capability to manage an on-board file 
system (PUS ST[23]). 

T 

PUS-R13 The PUS library shall provide the capability to execute On-Board 
Control Procedures (PUS ST[18]).  

T 

RLIB-R01 There should be libraries to support developers with handling 
geometrical transformations 

T 

RLIB-R03 There should be libraries to support developers with aligning time-
stamped data 

T 

RLIB-R04 The system shall be extensible. It should be possible to integrate 

additional robotics libraries 

ROD 

MID-R30 ESROCOS will include the TASTE framework. ROD 

MID-R12 TASTE shall avoid copying data between the application and the 
middleware level when not necessary (e.g. no encoding/decoding is 
needed).  

ROD 

MID-R13 It shall be possible to create library models in TASTE, containing 
functions, components, etc. that can be imported in other models. For 
import purposes, the library should be managed as a single entity. 

T 

MID-R14 TASTE shall expose the build options through the graphical editors, 
instead of through the build script. 

T 

MID-R15 It should be possible to control the appearance (colour, font) of model 
elements. 

T 

MID-R16 The editable area in the TASTE modelling tools shall be unlimited, being 
it possible to zoom in and zoom out. 

T 

MID-R17 The graphical representation of different types of model elements shall 
be different (e.g. different types of interfaces). 

T 

MID-R18 To the extent possible, validation shall take place at model level, not at 
the building stage. The validation of the model should be a different 
operation than the code generation and building. 

T 
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System 
Requirement 

Description Validation 
Method 

MID-R19 The components of a TASTE application (functions, middleware code, 
data types code, etc.) should be generated as independent libraries 
that are built separately and then linked together into the final 
executable(s). 

T 

MID-R23 It shall be possible to model a multicast sporadic interface. T 

MID-R24 It shall be possible to export and import hierarchical functions in a 
model, and to deploy them in the deployment view. 

T 

MID-R25 It shall be possible to set the context parameters of a function from a 
configuration file. This file may be inserted in the executable by 
converting it to a C header file, a binary object file, in memory tables, 
or similar. 

T 

BIP-R01 ESROCOS shall allow to perform performance analysis using TASTE in 
combination with TASTE2BIP tool 

T 

BIP-R02 ESROCOS shall perform schedulability analysis using, where 
appropriate, CHEDDAR and Marzhin, and, if necessary, other open-
source tools. 

T 

BIP-R03 The BIP tools shall check the models following the three levels of 
verifications (lab quality verification, hi-rel quality verification and 
space quality verification). 

T 

BIP-R04 ESROCOS shall allow to verify the RAMS properties of TASTE designs. T 

BIP-R05 TASTE2BIP shall allow to create BIP models taking as inputs the 
specification of: 

- The application software procedures of a TASTE model 

- Task execution sequence specification 

- Task timing pattern specification 

- Modes 

- Custom resource management and scheduling policy 

T 

BIP-R06 ESROCOS shall allow to execute BIP models in the BIP Run Time 
Environment (BIP RTE). 

T 

BIP-R07 Next to application functions in TASTE-IV and the timing properties in 
TASTE-CV, the new architecture of the design flow shall foresee the 
translation of TASTE to BIP also for basic features of Deployment View 
(TASTE-DV): mapping to partitions and to bus protocols. 

T 

BIP-R08 The BIP D-Finder tool will be integrated into the TASTE framework. T 

BIP-R09 TASTE2BIP shall be compatible with the Ravenscar profile being used 
by TASTE. 

T 

BIP-R10 TASTE2BIP should allow the detection of resource starvation during the 
analysis phase. 

T 

TSP-R01 ESROCOS shall allow the definition of partitions with different criticality, 
following the TSP paradigm. 

T 

TSP-R02 In ESROCOS the AIR hypervisor will provide the TSP features on space 
quality level applications. 

T 

TSP-R04 AIR shall load and run partitions binaries compiled from the TASTE 
source code customized for TSP. 

T 

TSP-R05 A laboratory emulator/simulatorshall load and run partitions AIR 
binaries compiled from the TASTE source code customized for TSP. 

T 

TSP-R06 All the configuration of AIR and respective partitions shall occur before 
its execution being specified at XML format. 

T 

DRV-R01 ESROCOS shall allow the use of the CAN bus interface T 



 

  Code: ESROCOS_D1.2  

Date: 31/08/2018 

Version: 1.3 

Page: 53 of 65 

 

ESROCOS © ESROCOS Consortium 2018, all rights reserved System Requirements 

 

System 
Requirement 

Description Validation 
Method 

DRV-R02 ESROCOS shall allow the use of the EtherCAT interfaces framework 
working as a EtherCAT Master 

T 

DRV-R04 The CAN driver implementation shall use RTEMS CAN interface driver 
provided for the LEON SPARC processor 

T 

DRV-R05 The CAN driver shall allow nodes to exchange messages with the other 
nodes in the network (send and receive messages). 

T 

DRV-R07 The EtherCAT driver implementation shall use RTEMS Ethernet 
interface driver (BSDNET) provided for the LEON SPARC processor 

T 

DRV-R11 The EtherCAT/Ethernet driver shall be written in C, compliant with the 
MISRA-C 2008 rules 

CR 

DRV-R12 ESROCOS CAN compatibility will be provided for the GR740 board CAN 
controller 

T 

DRV-R13 ESROCOS will use the Ethernet controller of the GR740 board for the 
development of the EtherCAT drivers as a master 

T 

DRV-R14 The validation process of CAN and EtherCAT device drives shall ensure 
the defined and executed test shall reach at least a 80% statement and 
branches coverage. 

ROD 

DRV-R15 The CAN and EtherCAT product metrics shall be adhere the 
specification set by ECSS-E-ST-40 [RD.28] and ECSS-Q-ST-80 [RD.29] 
standards. 

ROD 

DRV-R16 The CAN and EtherCAT shall produce the documentation and the test 
evidence following the process set by ECSS-E-ST-40 [RD.28] and 
ECSS-Q-ST-80 [RD.29] standards. 

ROD 

CIN-R04.1 Software development in ESROCOS should be supported by a system 
integration and build tool such as autoproj. 

T 

CIN-R04.2 It should be possible to run automated builds and generate an error 
overview. 

T 

CIN-R05 It should be possible to run automated component tests and code 
coverage reports of the components developed within ESROCOS. 

T 

CIN-R06 It should be possible to automatically generate documentation 
overview of components developed in ESROCOS. 

T 

CIN-R09 The build system shall provide commands to list local changes across 
several repository local copies, and to list the local and remote versions 
of all the repositories. 

T 

INT-R01 ESROCOS shall allow an easy integration and usage of existing ROS 
developments 

T 

INT-R03 The RCOS system shall support the integration with simulation 
environments (i.e., gazebo). 

T 

INT-R05 ESROCOS shall allow an easy integration and usage of existing ROCK 
developments 

T 

TAR-R01 ESROCOS laboratory environment should use Linux 64 bit x86 as target 
OS. 

T 

TAR-R03 ESROCOS will use SPARC + RTEMS OS with TASTE middleware for 
space level architecture, using the TASTE specific RTEMS version. 

T 

TAR-R04 ESROCOS space application targets for SPARC will use the GR740 
board. 

T 

Section 8. summarizes the traceability between system and user requirements. Among 

the latter, several requirements are not traced to specific system requirements. 

Instead, they are design requirements that apply across the system. These 
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requirements are validated by review of design or by code review, as indicated in Table 

7-2. 

Table 7-2. Validation method for user (design) requirements 

User  
Requirement 

Description Validation 
Method 

UR-16 All the qualities of the RCOS Target shall implement the same API 
towards application software. 

ROD 

UR-19 The RCOS Target (Hi-rel and Space quality) shall be implemented using 
either Ada or C or a subset of C++ suitable for real-time applications. 

ROD 

DR-20-3 The ESROCOS system shall provide means for completing the 
information on the  tests in order to record: … 

ROD 

DR-20-7 If C++ language is used on ESROCOS for safety critical functions, 
MISRA C++:2008 rules along with the ISO/IEC 14882:2003 C++ 
standard shall be applied. 

CR 

 

 



 

  Code: ESROCOS_D1.2  

Date: 31/08/2018 

Version: 1.3 

Page: 55 of 65 

 

ESROCOS © ESROCOS Consortium 2018, all rights reserved System Requirements 

 

8.  REQUIREMENTS TRACEABILITY 

This section provides the traces between user and system requirements in form or 

tables. These tables allow identifying any possible mismatches between the two 

requirement levels. 

Table 8-1 presents the traceability from user to system requirements. Note that some 

requirements are subdivided in multiple lower-level requirements. When a trace is 

indicated for a high-level requirements, it applies to all its sub-requirements.  

In some cases, a user requirement does not trace to any specific system requirement. 

When this happens, a justification is provided in italics. 

Table 8-1. Traceability from user to system requirements 

User 
Requirement 

Description System Requirement(s) 

UR-01 The RCOS System shall enable the production 
of robot controllers. 

MOD-R01 

UR-02 The RCOS System shall support the following 
robot controller engineering processes: 

MID-R30 

UR-02.1 Architecture engineering. DAT-R01, DAT-R02 

UR-02.2 Design and implementation.  DAT-R01, DAT-R02, MID-R25 

UR-02.3 Verification. BIP-R02 

UR-02.4 Validation. VIS-R01, TSP-R05 

UR-02.5 Management. CIN-R04.1, CIN-R04.2, CIN-R05, CIN-
R06, CIN-R09 

UR-02.6 Operation. PUS-R01, PUS-R02, PUS-R03, PUS-R04, 
PUS-R05, PUS-R06, PUS-R07, PUS-R08, 
PUS-R09, PUS-R10, PUS-R11, PUS-R12, 
PUS-R13, PUS-R14 

UR-02.7 Maintenance. CIN-R04.2, CIN-R05, CIN-R06, CIN-R09 

UR-03 More precisely, the RCOS System shall 
support the following process: 

MID-R30 

UR-03.1 Modelling of the robot controller logical 
architecture and interfaces. 

MID-R17, MID-R23, MID-R24 

UR-03.2 Generation of code skeletons and writing of 
the application code or models. 

 

UR-03.3 Modelling of the robot controller deployment. MID-R24, TSP-R01, TSP-R04, TSP-R05 

UR-03.4 Verification of models. MOD-R01, MOD-R02, MOD-R06, MID-
R18, BIP-R05 

UR-03.5 Building of the robot controller and 

downloading it on the target robot control 
hardware. 

MID-R14, MID-R19, CIN-R04.1, CIN-

R04.2 

UR-03.6 Monitoring and integration with the robot 
controller at run-time. 

 

UR-04 The RCOS System shall use a model centric 
development approach, based on formalized 
languages with strong semantics. 

MID-R30, MOD-R01, MOD-R02, MOD-
R05, MOD-R08, MOD-R09, MOD-R11 

UR-05 The RCOS System modelling capability shall 
allow: 

MID-R30, MID-R13, MID-R15, MID-R16, 
MID-R17 

UR-05.1 To model the logical and the physical 
architecture of the robot controller. 

MOD-R04, DAT-R01, DAT-R02, RLIB-R01 
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User 
Requirement 

Description System Requirement(s) 

UR-05.2 To model components with provided and 
requested interface. 

DAT-R01, DAT-R02, MID-R23 

UR-05.3 To characterize the real-time behaviour of 
interface (periodic, sporadic, synchronous). 

BIP-R01, BIP-R02, BIP-R04, BIP-R05, 
BIP-R06, BIP-R07  

UR-05.4 To model the deployment view (hardware 
topology) for centralized and distributed robot 
controllers. 

MID-R24, TSP-R01, TSP-R04 

UR-05.5 To model the functional aspects of 
components (e.g., state machines) to model 
data types. 

FDIR-R01, RLIB-R03 

UR-05.6 To model sequence diagrams (e.g., MSC).  

UR-06 The RCOS System shall allow incorporating 
software components: 

MID-R30 

UR-06.1 Either represented by a model that can be 
autocoded in an embeddable language or 

MOD-R10 

UR-06.2 Directly coded in an embeddable language.  

UR-07 The RCOS System shall allow expressing data 
types in a formalized language, separating 
the encoding rules from the type’s 
specification. 

MID-R30, DAT-R01 

UR-08 The RCOS System shall allow generating 
automatically. 

MID-R30 

UR-08.1 The binary encoding (e.g., ASN.1) for the 

(endianness-neutral) exchange between 
distributed components and 

DAT-R05, DAT-R06 

UR-08.2 Interface description of components (e.g., 
C/C++ headers of Simulink skeletons). 

 

UR-121 The communication and synchronization 
between the tasks requires mechanisms to 
execute tasks based on the state of other 
tasks. The communication shall consider 
blocking and non-blocking interfaces. 

MID-R30 

UR-123 The RCOS shall support robotic platforms with 
different structure and locomotion means.  

MOD-R04, MOD-R07, RLIB-R04 

UR-09 The RCOS System shall support the 
verification of: 

MID-R30, BIP-R06, BIP-R08, BIP-R09, 
BIP-R10 

UR-09.1 Ambiguities with data.  

UR-09.2 Missing interface information (behaviour, off-
nominal handling, parameter constraints). 

 

UR-09.3 Sequencing (dynamic) issues (what is done in 
which order). 

 

UR-09.4 Completeness of paths.  

UR-09.5 Resource starvation.  

UR-09.6 Deadlocks.  

UR-10 The RCOS System shall provide features for 
early verification and testing of the generated 
robot controller based on correct-by-
construction methods (e.g., BIP). 

MID-R30, BIP-R01 

UR-11 The RCOS System shall allow to plot 
numerical data in real-time, and to record 
sequence diagrams that can be later modified 
by the editor to re-run the scenario. 

MID-R30 
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User 
Requirement 

Description System Requirement(s) 

UR-101 The RCOS System shall allow visualizing 3D 
environmental data in real-time, including 
sensor processed data from cameras (2D & 
3D) and proprioceptive sensors such as IMU 
and encoders. 

VIS-R01 

UR-102 The RCOS System shall allow the monitoring 
of system state and components state 
machines and of any type of processed data. 

MID-R30 

UR-103 The RCOS System shall allow logging of any 
type of processed data. 

MID-R30, DAT-R01.4, VIS-R02, VIS-R03, 
VIS-R04 

UR-12 The RCOS System shall allow generating test 
cases in a scripting language (e.g., Python) 
from the sequence diagrams. 

MID-R30 

UR-13 The RCOS System shall support schedulability 
analysis (e.g., interfacing with CHEDDAR, 
MAST, and Marzhin). 

MID-R30, BIP-R02 

UR-14 The RCOS System shall support the following 
levels of verification depending on the RCOS 
Target quality level: 

MID-R30, BIP-R03 

UR-14.1 Lab quality verification: robot application 
software verified, however RCOS Target 
provided as-is  

 

UR-14.2 Hi-Rel quality verification: the whole robot 
controller shall  be verified to the maximum  
extent possible without compromising 
compatibility with terrestrial robotics customs 
(e.g. communication  
protocols) 

 

UR-14.3 Space quality verification: the whole robot 
controller shall be verified to the maximum 
extent possible and make use of space 
standards (e.g. communication protocols) 

 

UR-15 The RDEV shall support the transitioning of 
the application code from lab quality to hi-rel 
quality and space quality by: 

MID-R30 

UR-15.1 Providing tools that can detect in the 
application code, language, and architectural 
and implementation features that cannot be 
present in the hi-rel quality and space quality 
targets. 

 

UR-15.2 Providing profiling tools that can detect 
wether the application code resources exceed 
the resources available in the hi-rel quality 
and space quality targets. 

 

UR-108 ESROCOS shall support WCET estimation. BIP-R02 

UR-111 ESROCOS shall be able to adapt the 

scheduling of tasks to the needs of safety-
critical functions. 

MID-R30 

UR-16 All the qualities of the RCOS Target shall 
implement the same API towards application 
software. 

Applies in general to all runtime 
components provided by the ESROCOS 
framework. 

UR-17 The RCOS Target laboratory quality shall 
make use of a Linux operating system 
implementing POSIX.1b  
and POSIX.1c. 

DAT-R07.2, INT-R01, INT-R05, TAR-R01 



 

  Code: ESROCOS_D1.2  

Date: 31/08/2018 

Version: 1.3 

Page: 58 of 65 

 

ESROCOS © ESROCOS Consortium 2018, all rights reserved System Requirements 

 

User 
Requirement 

Description System Requirement(s) 

UR-18 The RCOS Target (Hi-rel and Space quality) 
shall use RTEMS as real-time operating 
system. 

DAT-R07.1, TAR-R03 

UR-19 The RCOS Target (Hi-rel and Space quality) 
shall be implemented using either Ada or C or 
a subset of C++ suitable for real-time 
applications. 

Applies to all runtime components 
provided by the ESROCOS framework and 
targeted to the space quality level. 

UR-20 The RDEV shall make use of a tool for the 
design of architecture and composition of 
elementary components (e.g. TASTE 
framework). 

MID-R30 

UR-21 The RDEV shall provide support for the 
following computer architectures: 

MID-R30 

UR-21.1 X86, ARM and PPC for the lab-quality and Hi-
rel quality targets. 

DAT-R07.2, TAR-R01 

UR-21.2 ARM and SPARC (LEON) for the Hi-rel quality 

and Space quality targets. 

DAT-R07.1, TSP-R02, DRV-R04, DRV-

R07, DRV-R12, DRV-R13, TAR-R03, TAR-
R04 

UR-115 ESROCOS shall provide a common API for 
general hardware access, e.g. memory 
access, send message via bus. 

MID-R30 

UR-116 The implemented drivers shall be space-
qualifiable. 

DRV-R05, DRV-R11, DRV-R14, DRV-R15, 
DRV-R16 

UR-117 The low-level device control should enable 
commanding of single peripherals. 

DRV-R01, DRV-R02 

UR-118 The low-level device control shall be 
commandable by ground control. 

PUS-R04 

UR-119 Teleoperation of a manipulator shall be 
possible. 

PUS-R01, PUS-R02, PUS-R03, PUS-R04, 
PUS-R05, PUS-R06, PUS-R07, PUS-R08, 
PUS-R09, PUS-R10, PUS-R11, PUS-R12, 
PUS-R13, PUS-R14 

UR-124 The RCOS will need to communicate and 
coordinate with other rovers running a RCOS. 

MID-R30 

UR-125 The RCOS will need to operate with limited or 
no communication from ground station for 
extended periods of time. 

FDIR-R01, FDIR-R02, FDIR-R03, FDIR-
R04, PUS-R08, PUS-R11, PUS-R13 

UR-126 The RCOS shall support multiple sensors of 
various types. 

DAT-R01.2, DAT-R02 

UR-128 The RCOS will facilitate to interface with 
scientific payloads developed by 3rd parties. 

DAT-R02, DRV-R01, DRV-R01, DRV-R07, 
DRV-R11 

UR-104 The RCOS system shall support the 
integration with Physics engines (i.e., ODE, 
Bullet Physics). 

INT-R03 

UR-105 The RCOS system shall support the 
integration with simulation environments (f.i 
Gazeebo) 

INT-R03 

DR-20-1 The ESROCOS system shall provide means for 
the developer to include information in the 
models regarding: … 

MID-R30 

DR-20-2 The ESROCOS system shall provide the 
possibility to perform resource usage analysis 
(WCET time for execution, and memory) to 
comply with the corresponding requirement 

for Nuclear environment 

MID-R30, BIP-R02 
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Description System Requirement(s) 

DR-20-3 The ESROCOS system shall provide means for 
completing the information on the  tests in 
order to record: … 

Applies to all components of the 
ESROCOS framework targeting the space 
quality level.  

DR-20-7 If C++ language is used on ESROCOS for 
safety critical functions, MISRA C++:2008 
rules along with the ISO/IEC 14882:2003 
C++ standard shall be applied. 

Applies to all runtime components of the 
ESROCOS framework coded in C++ and 
targeting the space quality level. 

Table 8-2 presents the traceability from system to user requirements. Note that some 

requirements are subdivided in multiple lower-level requirements. When a trace is 

indicated for a high-level requirements, it applies to all its sub-requirements.  

In some cases, a system requirement does not trace to any specific user requirement. 

When this happens, a justification is provided in italics. 

Table 8-2. Traceability from system to user requirements 

System 
Requirement 

Description User Requirement(s) 

MOD-R01 Kinematic modelling of a robot shall be possible in 
ESROCOS via the use of a robotic modelling tool. 

UR-01, UR-03.4, UR-04 

MOD-R02 The ESROCOS robotic modelling tool will be based on a 
semantic models of kinematic chains. 

UR-03.4, UR-04 

MOD-R03 DELETED  

MOD-R04 The envisaged scope of the modelling shall contain all 
lumped-parameter robot "arms", "mobile platforms" and 

"grippers". 

UR-05.1, UR-123 

MOD-R05 Multi-model representation: The model shall allow the 
generation of several models for a given robot, with 
different shapes or masses connected to it. 

UR-04 

MOD-R06 Constraints to keep such multi-model representations for a 
robot consistent shall be provided in the tooling. 

UR-03.4 

MOD-R07 A core algorithm shall compute the motion behaviour of all 
of the above-mentioned robot systems. 

UR-123 

MOD-R08 The core algorithm (motion solver) will work based on a 
model of the semantic model of kinematic chains. 

UR-04 

MOD-R09 The robotic modelling toolset shall allow the generation of 
AADL models aimed to integrate the generated solvers (C-
code) in the TASTE framework. 

UR-04 

MOD-R10 The robotic modelling tool shall allow C-code generation of 
kinematics and dynamics solver, with guaranteed 
constraints on (statically allocated) memory and (discretely 
checked, runtime "anytime solver") worst case execution 
time. 

UR-06.1 

MOD-R11 Semantically well-formed queries shall be used to request 
certain computations over an independently defined robot 
model. 

UR-04 

MOD-R12 The robotic modelling toolset shall export and import  
kinematics and physical properties from existing URDF 
files. 

- 

DAT-R01 Data types that are common in robot software 
development should be provided by RCOS. That includes 
data types for: 

UR-02.1, UR-02.2, UR-
05.1, UR-05.2, UR-07 
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DAT-R01.1 - Joint states and commands (position, speed, 
acceleration, effort) 

See DAT-R01 

DAT-R01.2 - Sensor Data / Geometry data (Grey-scale-, Color 
images, Point clouds, Inertial data) 

UR-126 

DAT-R01.3 - Cartesian and dynamics control commands and status 
(Cartesian poses/velocities/accelerations, 
Forces/Torques) 

See DAT-R01 

DAT-R01.4 - High-precision Time Stamps UR-103 

DAT-R02 The pool of data types should be extensible. UR-02.1, UR-02.2, UR-
05.1, UR-05.2, UR-126, 
UR-128 

DAT-R05 The system should handle marshalling of data types with 
low latency. 

UR-08.1 

DAT-R06 For marshalled data types, data consistency shall be 
maintained between different modules. 

UR-08.1 

DAT-R07 The Data Types should be compatible with different 
execution platforms. Including: 

 

DAT-R07.1 - RTEMS UR-18, UR-21.2 

DAT-R07.2 - Linux UR-17, UR-21.1 

FDIR-R01 ESROCOS will allow for components to have a life-cycle in 
which different states of the component will be considered. 
These states can be monitored and triggered externally. 

UR-05.5, UR-125 

FDIR-R02 ESROCOS will allow to design an FDIR component that can 
trigger transition to a safe mode for other components. 

UR-125 

FDIR-R03 The FDIR component will be able to receive relevant events 
of any ESROCOS component, to be triggered whenever the 
component switches to a safe mode.  

UR-125 

FDIR-R04 The FDIR shall allow for switching into a pre-defined set of 
configurations, depending on fault signatures, in a 
predictable manner.  

UR-125 

VIS-R01 ESROCOS shall allow integrating visualization tools in 
TASTE models 

UR-02.4, UR-101 

VIS-R02 ESROCOS will have a data logging component UR-103 

VIS-R03 Log files should contain information about data serialization UR-103 

VIS-R04 It should be possible to use logfiles as data source to 
connect to different components. 

UR-103 

SRR RID OG1-62 

PUS-R14 ESROCOS shall include a software library for providing PUS 
services according to [RD.26], implemented at logical level. 

UR-02.6, UR-119 

PUS-R01 The PUS library shall provide the capability to set 
parameters (PUS ST[20]).  

UR-02.6, UR-119 

PUS-R02 The PUS library shall provide the capability to send 
housekeeping telemetry (PUS ST[03]). 

UR-02.6, UR-119 

PUS-R03 The PUS library shall provide the capability to report when 
significant events occur (PUS ST[05]). 

UR-02.6, UR-119 

PUS-R04 The PUS library shall provide the capability to invoke 
functions (PUS ST[08]). 

UR-02.6, UR-118, UR-119 

PUS-R05 The PUS library shall provide the capability to process time 
commands (PUS ST[09]). 

UR-02.6, UR-119 

PUS-R07 The PUS library shall provide the capability to test its 
TM/TC connection (PUS ST[17]). 

UR-02.6, UR-119 
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System 
Requirement 

Description User Requirement(s) 

PUS-R08 The PUS library shall provide the capability to execute 
chained timetagged commands (PUS ST[11]). 

UR-02.6, UR-119, UR-125 

PUS-R09 The PUS library shall provide the capability to execute 
telecommands and verify them via telemetry packets (PUS 
ST[01]). 

UR-02.6, UR-14.3, UR-119 

PUS-R10 The PUS library shall provide the capability to monitor the 
system state, based on parameter values (PUS ST[12]). 

UR-02.6, UR-119 

PUS-R11 The PUS library shall provide the capability to perform 
actions upon the occurrence of events (PUS ST[19]). 

UR-02.6, UR-119, UR-125 

PUS-R12 The PUS library shall provide the capability to manage an 
on-board file system (PUS ST[23]). 

UR-02.6, UR-119 

PUS-R13 The PUS library shall provide the capability to execute On-
Board Control Procedures (PUS ST[18]).  

UR-02.6, UR-119, UR-125 

RLIB-R01 There should be libraries to support developers with 
handling geometrical transformations 

UR-05.1 

RLIB-R03 There should be libraries to support developers with 
aligning time-stamped data 

UR-05.5 

RLIB-R04 The system shall be extensible. It should be possible to 
integrate additional robotics libraries 

UR-123 

MID-R30 ESROCOS will include the TASTE framework. UR-02, UR-03, UR-04, UR-
05, UR-06, UR-07, UR-08, 
UR-09, UR-10, UR-11, UR-
12, UR-13, UR-14, UR-15, 
UR-20, UR-21, UR-102, UR-
103, UR-111, UR-115, UR-
121, UR-124, DR-20-1, DR-
20-2 

MID-R12 TASTE shall avoid copying data between the application 
and the middleware level when not necessary (e.g. no 
encoding/decoding is needed).  

Improvement of TASTE for 
resource-constrained 
systems. 

MID-R13 It shall be possible to create library models in TASTE, 
containing functions, components, etc. that can be 
imported in other models. For import purposes, the library 
should be managed as a single entity. 

UR-05 

MID-R14 TASTE shall expose the build options through the graphical 
editors, instead of through the build script. 

UR-03.5 

MID-R15 It should be possible to control the appearance (colour, 
font) of model elements. 

UR-05 

MID-R16 The editable area in the TASTE modelling tools shall be 
unlimited, being it possible to zoom in and zoom out. 

UR-05 

MID-R17 The graphical representation of different types of model 
elements shall be different (e.g. different types of 
interfaces). 

UR-03.1, UR-05 

MID-R18 To the extent possible, validation shall take place at model 
level, not at the building stage. The validation of the model 
should be a different operation than the code generation 
and building. 

UR-03.4 

MID-R19 The components of a TASTE application (functions, 
middleware code, data types code, etc.) should be 
generated as independent libraries that are built separately 
and then linked together into the final executable(s). 

UR-03.5 

MID-R23 It shall be possible to model a multicast sporadic interface. UR-03.1, UR-05.2 
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MID-R24 It shall be possible to export and import hierarchical 
functions in a model, and to deploy them in the 
deployment view. 

UR-03.1, UR-03.3, UR-05.4 

SRR RID OG1-71 

MID-R25 It shall be possible to set the context parameters of a 
function from a configuration file. This file may be inserted 
in the executable by converting it to a C header file, a 
binary object file, in memory tables, or similar. 

UR-02.2 

BIP-R01 ESROCOS shall allow to perform performance analysis 
using TASTE in combination with TASTE2BIP tool 

UR-05.3, UR-10 

BIP-R02 ESROCOS shall perform schedulability analysis using, 
where appropriate, CHEDDAR and Marzhin, and, if 
necessary, other open-source tools. 

UR-02.3, UR-05.3, UR-13, 
UR-108, DR-20-2 

BIP-R03 The BIP tools shall check the models following the three 
levels of verifications (lab quality verification, hi-rel quality 
verification and space quality verification). 

UR-14 

BIP-R04 ESROCOS shall allow to verify the RAMS properties of 

TASTE designs. 

UR-05.3 

  

BIP-R05 TASTE2BIP shall allow to create BIP models taking as 
inputs the specification of: 

- The application software procedures of a TASTE model 

- Task execution sequence specification 

- Task timing pattern specification 

- Modes 

- Custom resource management and scheduling policy 

UR-03.4, UR-05.3 

BIP-R06 ESROCOS shall allow to execute BIP models in the BIP Run 
Time Environment (BIP RTE). 

UR-05.3, UR-09 

BIP-R07 Next to application functions in TASTE-IV and the timing 
properties in TASTE-CV, the new architecture of the design 
flow shall foresee the translation of TASTE to BIP also for 
basic features of Deployment View (TASTE-DV): mapping 
to partitions and to bus protocols. 

UR-05.3 

BIP-R08 The BIP D-Finder tool will be integrated into the TASTE 
framework. 

UR-09 

BIP-R09 TASTE2BIP shall be compatible with the Ravenscar profile 
being used by TASTE. 

UR-09 

BIP-R10 TASTE2BIP should allow the detection of resource 
starvation during the analysis phase. 

UR-09 

TSP-R01 ESROCOS shall allow the definition of partitions with 
different criticality, following the TSP paradigm. 

UR-03.3, UR-05.4 

TSP-R02 In ESROCOS the AIR hypervisor will provide the TSP 
features on space quality level applications. 

UR-21.2 

TSP-R04 AIR shall load and run partitions binaries compiled from the 
TASTE source code customized for TSP. 

UR-03.3, UR-05.4 

TSP-R05 A laboratory emulator/simulatorshall load and run 
partitions AIR binaries compiled from the TASTE source 
code customized for TSP. 

UR-02.4, UR-03.3 

TSP-R06 All the configuration of AIR and respective partitions shall 
occur before its execution being specified at XML format. 

For integration of AIR with 
the TASTE tools. 

DRV-R01 ESROCOS shall allow the use of the CAN bus interface in 
the modelling framework 

UR-117, UR-128 
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DRV-R02 ESROCOS shall allow the use of the EtherCAT interfaces in 
the modelling framework working as a EtherCAT Master 

UR-117, UR-128 

DRV-R04 The CAN driver implementation shall use RTEMS CAN 
interface driver provided for the LEON SPARC processor 

UR-21.2 

 

DRV-R05 The CAN driver shall allow nodes to exchange messages 
with the other nodes in the network (send and receive 
messages). 

UR-116 

DRV-R07 The EtherCAT driver implementation shall use RTEMS 
Ethernet interface driver (BSDNET) provided for the LEON 
SPARC processor 

UR-21.2, UR-128 

DRV-R11 The EtherCAT/Ethernet driver shall be written in C, 
compliant with the MISRA-C 2008 rules 

UR-116, UR-128 

DRV-R12 ESROCOS CAN compatibility will be provided for the GR740 
board CAN controller 

UR21.2 

DRV-R13 ESROCOS will use the Ethernet controller of the GR740 
board for the development of the EtherCAT drivers as a 
master 

UR21.2 

DRV-R14 The validation process of CAN and EtherCAT device drives 
shall ensure the defined and executed test shall reach at 
least a 80% statement and branches coverage. 

UR-116 

DRV-R15 The CAN and EtherCAT product metrics shall be adhere the 
specification set by ECSS-E-ST-40 [RD.28] and ECSS-Q-
ST-80 [RD.29] standards. 

UR-116 

DRV-R16 The CAN and EtherCAT shall produce the documentation 
and the test evidence following the process set by ECSS-E-
ST-40 [RD.28] and ECSS-Q-ST-80 [RD.29] standards. 

UR-116 

CIN-R04.1 Software development in ESROCOS should be supported by 
a system integration and build tool such as autoproj. 

UR-02.5, UR-03.5 

CIN-R04.2 It should be possible to run automated builds and generate 
an error overview. 

UR-02.5, UR-02.7, UR-03.5 

CIN-R05 It should be possible to run automated component tests 
and code coverage reports of the components developed 
within ESROCOS. 

UR-02.5, UR-02.7 

CIN-R06 It should be possible to automatically generate 
documentation overview of components developed in 
ESROCOS. 

UR-02.5, UR-02.7 

CIN-R09 The build system shall provide commands to list local 
changes across several repository local copies, and to list 

the local and remote versions of all the repositories. 

UR-02.5, UR-02.7 

INT-R01 ESROCOS shall allow an easy integration and usage of 
existing ROS developments 

UR-17 

INT-R03 The RCOS system shall support the integration with 
simulation environments (i.e., gazebo). 

UR-105, UR-104 

INT-R05 ESROCOS shall allow an easy integration and usage of 
existing ROCK developments 

UR-17 

TAR-R01 ESROCOS laboratory environment should use Linux 64 bit 
x86 as target OS. 

UR-17, UR-21.1 

TAR-R03 ESROCOS will use SPARC + RTEMS OS with TASTE 
middleware for space level architecture, using the TASTE 
specific RTEMS version. 

UR-18, UR-21.2 

TAR-R04 ESROCOS space application targets for SPARC will use the 
GR740 board. 

UR21.2 
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