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1 INTRODUCTION 

1.1 PURPOSE OF DOCUMENT 

This Executive Summary Report (ESR) summarises the background, deliverables and 

findings of the NAVISP-EL1-027 “Alternative Space-Based PNT Data Layer” project. The 

content of Section 2 of this document is intended for extraction, in a format suitable for 

publication. 

 

1.2 REFERENCES 

1.2.1 Applicable Documents 

The following applicable documents are those referenced in the Contract or approved by 

the Agency. They are referenced in this document in the form [AD n.]: 

AD Title Version / Date 

AD 1.  

Statement of Work. ESA Express Procurement Plus - 
EXPRO+: NAVISP-EL1-027 Alternative Space-Based PNT 
Data Layer 
NAVISP1-SOW-ESA-027-00001, Iss. 1, Rev 0 

06/05/2019 

AD 2.  
KPT91114 – NAVISP-EL1-027 – Technical Management 
Finance and Contract Proposal V1.0 

28/06/2019 

 

1.3 ACRONYMS AND TERMS 

The following acronyms and terms are used in the document and have the identified 

meaning. 

Acronym / Term Definition 

COTS Commercial Off-the-Shelf 

CPF Control and Processing Facility 

DFMC Dual Frequency Augmentation Service 

DGNSS Differential GNSS 

DMIPS Dhrystone Million Instructions per Second 

EGNOS European Geostationary Navigation Overlay Service 

ESA NAVISP European Space Agency Navigation Innovation and Support 
Programme 

GBAS Ground-based Augmentation Service 
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Acronym / Term Definition 

GEO Geosynchronous Equatorial Orbit 

GNSS Global Navigation Satellite System 

GS Ground Segment 

ICAO International Civil Aviation Organization 

MS Monitoring Station 

MSN Monitoring Station Network 

PNT Position, Navigation and Timing 

PPP Precise Point Positioning 

RAM Reliability, Availability and Maintainability 

RTEMS-SMP Real-time Executive for Multiprocessor Systems – 
Symmetric Multiprocessing 

RTOS Real-time Operating System 

SBAS Satellite-based Augmentation Service 

SNT System Network Time 

SoL Safety of Life 

TTA Time to Alert 

WARTK Wide-Area Real-Time Kinematics 
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2 EXECUTIVE SUMMARY REPORT  

Alternative Space-based PNT Data Layer (AltPNT) 

PROJECT OBJECTIVE 

The ESA NAVISP-EL1-027 “Alternative Space-Based PNT Data Layer” (AltPNT) 12-

month study project completed successfully, running from October 2019 to October 

2020.   

The main objective of this project was to study innovative concepts and trade-off the main 

design drivers for a PNT data layer system based on spacecraft on-board central 

processing facility (CPF), an alternative to conventional on-ground computation-based 

systems, SBAS. AltPNT was an ambitious project addressing a number of challenging 

objectives, aiming to:  

• Improve Safety-of-Life (SoL) service performance, 

• Improve security, 

• Simplify system infrastructure, 

• Reduce overall system lifecycle cost. 

 

BACKGROUND  

The PNT data layer, as part of a GNSS Augmentation Service, is a means by which a GNSS 

user can receive correction messages as a data feed, allowing them to correct for the 

several possible sources of error in a GNSS signal. Currently, the main use case for a PNT 

service is in civil aviation, in which it is a safety-critical system used to accurately track 

precise landing, take-off and en-route positions of aircraft with the highest standard of 

safety integrity set by ICAO. 

The two most common methods of generating and delivering this data feed (correction 

and integrity information) are Ground-based (GBAS) and Satellite-based (SBAS).  

Current and evolving space-based PNT data layer services usually retransmit data 

computed on-ground, via GEO satellite. Their architectures do not exploit the benefits 

that technological innovation in spacecraft on-board processing could bring against new 

threats and challenges.  

The AltPNT project is a study of an alternative architecture for a SBAS. The proposed 

SBAS architecture is shown in Figure 1.  
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Figure 1: Space-Based Architecture for GNSS Augmentation System 

In existing implementations of the SBAS concept (for example, EGNOS), the ground 

Monitoring Stations (MS) are connected to a Mission Control Centre via a real-time 

ground communications network, and the data from each MS is aggregated and checked 

for integrity at the Mission Control Centre, before being transmitted to uplink stations to 

be sent to the geostationary (GEO) satellites. These satellites then broadcast the 

augmentation data layer to the users in the form of correction and integrity information. 

In the proposed alternative architecture, the ground-based communication network is 

eliminated from this process: each monitoring station has a direct uplink to the GEO 

satellites, and the aggregation of the data (the present role of the Control and Processing 

Facility (CPF)) is carried out on the GEO satellites’ onboard systems. The functionality of 

the Control Centre is simplified, and there are no separate uplink stations. 

The unique potential of this architecture is to speed up the Time-to-Alert (TTA) of the 

service and reduce the lifecycle cost due to the reduced ground infrastructure, while 

requiring no change, or minimal change, to the user interface. 
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TASKS OF THE PROJECT  

Telespazio VEGA UK was the prime contractor of the AltPNT team, working with Thales 

Alenia Space UK and Nottingham Scientific Ltd., internationally renowned in GNSS and 

timing applications. This consortium was responsible for the overall project and technical 

delivery, which included: 

• Definition of high-level architectural concepts, with particular focus on the payload 

features and main constituents, identifying main functions and data flows for each 

component and performing main system trade-offs. 

• Analysis of achievable end-to-end performance, studying the cases where 

improvements derived from alternative architectures are expected. 

• Assessment of status of existing technology vis-à-vis functional and architectural 

needs, identifying areas for technology evolutions such as radiation-hardened 

space computer or on-board processing capabilities. 

• Identification of potential improvements in robustness versus cyber-attacks, 

jamming and spoofing. 

The conclusion of the study was the provision of a usable assessment of the interest in 

alternative architectures, based on spacecraft on-board processing to facilitate the GNSS 

correction and integrity, with insight in the main architectural trade-offs and 

identification of areas where technology evolution is a prerequisite. 

 

SUMMARY OF PROJECT FINDINGS 

DEFINITION OF HIGH-LEVEL ARCHITECTURE 

Five cases of GNSS augmentation systems: DGNSS, WARTK, PPP, SBAS L1-legacy and 

SBAS DFMC were reviewed and analysed. Through qualitative comparison, the SBAS 

DFMC L5-only, no-GEO-Ranging augmentation service was identified as the best 

candidate for yielding the maximum benefit from the AltPNT architecture concept. 

The selection criteria was based on the analysis of user and system benefits, technical 

complexity, feasibility, development and exploitation costs. The SBAS L1-legacy case was 

also found to benefit from reduced TTA and simplified ground segment (GS); however, 

its onboard processing demand is much higher than the L5-only case, due to ionosphere 

correction generation, which requires a high-density MS network. 

With the SBAS DFMC service and key concepts reviewed as part of the first task, a high-

level architecture definition for the AltPNT system was specified, providing a breakdown 

of space- and ground-based architectural elements and data flow.  
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As the key element of the AltPNT architecture, the payload (i.e. onboard CPF) design was 

studied, focusing on integrity and redundancy considerations. A preliminary payload 

budget was analysed and initial estimates for mass and volume  - based on four DAHLIA 

Cortex R52 cores at 10W each, plus margin - were ~30 kg of mass and ~0.3m x 0.3m x 

0.3m Volume, with 60W total power consumption expected. 

 

ANALYSIS OF ACHIEVABLE PERFORMANCE 

A preliminary assessment of the end-to-end performances of the AltPNT architecture was 

undertaken, with four main topics addressed: 

• Requirement definitions for DFMC SBAS/EGNOS, 

• Analysis of achievable performances of the AltPNT system, 

• Analysis of the raw data volume system budget,  

• Analysis of CPF processing power requirements. 

AltPNT performance in terms of accuracy, integrity, availability and continuity was 

analysed within a simulation. A subgroup of 10 MS, homogeneously distributed over EU 

landmasses at ~1200 km intervals was chosen first. Cat I and Maritime requirements, for 

vertical availability and continuity respectively, were chosen as input for the simulations 

and following iterations.  

An MSN consisting of 16 MS was finally proposed for the AltPNT GS. This is almost 1/3 

of the total number of MS planned for EGNOS v3. This allowed the consideration of dual-

frequency GPS and Galileo full constellations within the simulations.  

Key to the AltPNT architecture is the potential reduction of TTA. From the comparison of 

the different allocation times within the ground-, space- and user segments in both the 

classical SBAS and an alternative architecture, a reduction of 1 to 2 seconds is envisaged. 

Compared to SBAS using the classical architecture, the AltPNT users could receive SBAS 

messages with correction parameters up to 2 seconds younger. This produces benefits 

such as improved accuracy and reduced alert limits. It also has potential to mitigate the 

authentication latency due to SBAS authentication adopted in the future. 

A systemic derivation of the requirements for CPF performance budget showed that the 

power required for the Processing set and Check Set was equivalent to 5780 DMIPs and 

7825 DMIPs respectively. 

 

ASSESSMENT OF EXISTING TECHNOLOGY 

A technology survey and suitability assessment of the architectural elements from both 

space- and ground segment was conducted.  As expected, the space segment is the more 
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challenging element with respect to technology readiness - specifically the CPF payload. 

Despite the ever-improving performance of processors for space, they lag behind 

commercial products due to the need to be developed and tested for the space 

environment and to have much higher reliability. 

Due to limited information on the actual algorithms to be processed, a synthetic 

view/comparison of the processing performances required was undertaken, based on 

legacy EGNOS CPF systems and acknowledging the fundamental differences needed for 

the proposed system in space.  

Ultimately, without a detailed design including this information, the estimated DMIPs 

involved in the PS and CS data flows could not be judged to categorically confirm or deny 

any devices.  

 

SWOT ANALYSIS 

The Strengths, Weaknesses, Opportunities and Threats (SWOT) of the alternative 

architecture were analysed for the implementation of the project, and are summarised in 

Table 1. 

Table 1: SWOT Summary 

Strengths Weaknesses 

• The high-level operation covers a wide 
range of applications with a minimal 
density of MS. The GS development and 
maintenance costs are decreased overall 
due to simplified ground infrastructure. 

• High performances in terms of 
Availability, Accuracy, Integrity and 
Continuity. A lower number and density of 
MS is required compared to current and 
imminent SBAS realisations. The 
simplification of the ground 
communications implies the reduction of 
TTA (of max 2s). 

• The satellite payload can be hosted on 
many existing GEO platforms. The 
implementation is more robust to spoofing 
and requires less maintenance than the 
classical architecture. 

• The space-based CPF is inherently safer 
against physical and cyber-attacks. An 
attack at the ground level could only affect 
individual MS without major impact on 
the service as a whole. 

• Moving the CPF processing load to the 
space segment will necessarily increase the 
size and power requirement of the 
spacecraft. 

• The redundancy design in the space-based 
CPF component requires thorough FMEA 
to maintain continuity of the service, 
because it is impossible to replace any 
failed equipment once it is deployed. The 
currently ideal COTS processing 
technology is not viable in a space 
environment, and lower performance 
technology must be deployed. 

• The development and operating costs of 
the space segment will be increased due to 
the new payload, which must run an 
increased amount of critical operations. 
Implementation of the new components 
requires high-level system engineering 
with cross-disciplinary investment. 

• Some geographic areas are very sensitive 
to MS number change, and require 
densification of MS to ensure full 
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coverage. The system requires dual-
frequency receivers at the user side, for 
both SoL and non-SoL services that 
normally use single frequency devices (i.e. 
automotive, drones, maritime), which are 
more expensive. 

Opportunities Threats 

• High accuracy performances make the 
service appealing both to applications 
already using SBAS services and not (e.g. 
automotive, drones, railway, maritime). 
There is scope for further refinements of 
performance and further reduction of 
TTA. 

• As new (faster, cheaper and more 
compact) CPF technologies become 
available, it should be possible to eliminate 
the current limitations on performance 
and requirements on the space platform. 

• Failure in the space-based CPF can disrupt 
the entire service and be very costly. 

• The quality of the service as a whole 
depends on the correct operation of the 
MS, which will remain vulnerable to 
unintentional interference, spoofing and 
cyberattacks. 

• In the case of MS failure, discontinuity of 
the service could occur in peripheral areas 
(Southeast, Southwest), which are more 
sensitive to the change of MS number. 

 

 

CONCLUSIONS 

Following the survey of current technology in relation to the onboard CPF SBAS DFMC 

system, the solution appears plausible (at least from a hardware point of view), but to 

confirm this, further studies would be needed to accurately determine the performance 

requirements of the CPF payload. 

Regarding the GS, there are many hardware options to investigate that could meet its 

requirements. It is worth noting that COTS products would not be supplied with in-depth 

detailed design and so would limit the ability to reconfigure them. There are also some 

unknowns in relation to the receiver estimation algorithms and methods utilised, due to 

intellectual property issues. However, with the sizeable range of products on offer, it is 

highly likely that there will be ones which are suitable for this application. The GNSS 

monitoring receiver software and firmware for the collection of GNSS and SBAS raw 

measurements, being expected to be unmodified from that adopted in classical DFMC 

SBAS, is not considered to be an issue. Based on the technological and commercial 

considerations presented in the SWOT analysis, the satellite link has been selected to be 

operating on Ku band at the monitoring station and C band at the Control Centre.  

The advantages of the alternative SBAS architecture, as opposed to the classical SBAS 

architecture, may be summarised as follows: 

• Reduction of TTA of up to 2s, 

• Simplified system/ground architecture, 
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• Enhanced Security, 

• Simplified service provision/operations by aggregation of Services, 

• Lower exploitation costs over 15 years. 

 

RECOMMENDATIONS 

There are a number of areas identified that require further trade-off analysis and deeper 

study to consolidate the concept. These include aspects of functional architecture, data 

flows, payload design, technology status, redundancy concept, timing and 

synchronisation, service provision concept, among others. Furthermore, on the 

technology side, key questions still remain open, notably regarding the onboard 

processing capability. 

Continuation of the study is proposed as three separate AltPNT activities, which include: 

1. Concept Consolidation Study, 

2. Digital Engineering Model, 

3. Onboard Processors Viability Study. 

 

 

Figure 2: Emerging New Space-Based PNT Concepts 

Whilst each activity addresses specific aspects of the AltPNT concept, some degree of 

interaction between them is envisaged. The Consolidation Study would feed the Digital 

Engineering Model, and later the Onboard Processors Viability Study and the Digital 

Engineering Model would feed their results back into the Consolidation Study. 
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The expected output would be a consolidated architectural concept, supported by a full 

engineering model and a technology state-of-play for the onboard processing.  

 

CONCEPT CONSOLIDATION STUDY 

As a continuation of the AltPNT study, the objective of the Concept Consolidation Study 

activity would be to address the key issues and trade-offs requiring complementary 

analysis.  

The main areas identified for deeper analysis include: 

1. The functional architecture and data flow should be refined to solve open issues 

affecting internal system communications.   

2. The nature of the data to be exchanged needs to be identified, as well as the timing 

requirements. 

3. The implementation of the integrity function should be further studied - in 

particular, what role should the Control Centre play, if any.  

4. Further work is required to provide a first design of the full payload, including all 

main functions, like COMM and NAV signal generation. 

5. Timing and synchronisation in the alternative architecture can take advantage of 

the fact that all data transit delays are exactly known. This characteristic should be 

exploited, not only to reduce the TTA but to optimise the scheduling of tasks and 

the exchanges between ground and space. 

6. An analysis of the TTA budget in the alternative architecture shows a comfortable 

reduction of TTA of 1 second. Assuming some optimisations, a reduction of 2 

seconds is achievable. This should be confirmed by a deeper study. 

7. The GEOs have to broadcast the L5 signal synchronous with the SNT, with an 

accuracy better than 2-10, i.e. 0.977 ms. Assuming Galileo as the reference 

constellation, the onboard clock has to be synchronised with the Galileo time. One 

solution, proposed by industry, is to embark a GNSS Rx to obtain time, this is 

proved to work from GEO orbit. However, to reduce equipment onboard, other 

solutions should be explored.  

8. The question of a Service Provision and Operations concept was addressed at a 

high level by the study, but deserves a deeper analysis.  

 

DIGITAL ENGINEERING MODEL 

The objective of this activity would be to assist progress towards a consolidated concept, 

by developing a Digital Engineering Model of the alternative architecture, using modern 

Model Based System Engineering tools (MBSE). The model would assist in solving 
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architecture trade-offs, by the quick and easy introduction of changes and observation of 

their effects. It would enable simulation of the main data flows, timing and 

synchronisation, onboard design at work, redundancy and operation concept. 

As a minimum, the AltPNT Digital Engineering Model will: 

1. Contain a schematic representation of the AltPNT architecture concept. 

2. In particular, focus on the digital processing part of the space segment, the 

processing set, integrity check, monitoring and control. 

3. Be able to simulate the system clockwork sequence, allowing a flexible way to 

configure the mechanisms and an easy way to allocate timing budgets. In 

particular, this should assist in validating TTA analysis. 

4. Related to the above, the digital model shall be able to implement the different 

options for timing and synchronisation devised by the present study, to assist in 

the design choice. 

5. Associate a Reliability, Availability and Maintainability (RAM) model to the 

architecture. Allow easy addition, removal and change in the redundancy of 

elements, simulating its effect in the RAM model. 

6. Allow simulation of basic nominal operation scenarios, including transitions of 

GEO from Test to Operational configuration. 

 

ONBOARD PROCESSORS VIABILITY STUDY 

The AltPNT study delivered a preliminary payload processing architecture, including 

identification of candidate onboard processors to host the navigation algorithms. LEON-

4 GR740 and Dahlia ARM Cortex-R52 are the latest generation, most powerful onboard 

computers of European manufacture, developed for the space application domain. The 

objective of this further activity would be to study their adequacy for the AltPNT 

architecture. 

The tasks proposed as part of this activity are: 

1. Study of detailed specifications of LEON-4 GR740 and ARM Cortex-R52 to 

establish their adequacy for the AltPNT architecture and hosting of the core SBAS 

algorithms.  

2. To measure performance (computing speed) using real, heavy CPU consumer 

routines (e.g. Kalman filtering), to obtain benchmarking of LEON-4 and Cortex-

R52. 

3. Regarding software requirements for the identified platforms, the level of 

adherence of the candidate RTOS (RTEMS SMP) to DO-178C should be 
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investigated, along with other options for embarked safety-critical software in the 

aviation and space domains. 

4. Identify the technology gaps in the existing processing hardware and software 

platforms with respect to the intended application. 

The expected output of the activity is a state of play of LEON-4 GR740 and ARM Cortex-

R52 vs the AltPNT payload processing preliminary design, and identification of the 

technology gap. Following this study it should be evident whether, in terms of available 

technology, the AltPNT architecture system is currently feasible. 
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