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Executive Summary 
This deliverable provides an analysis of the present and future communications needs within the context of the 
SELIS living labs and the wider supply and logistics industry. It systematically gathers requirements, compares 
these with the current state-of-the-art, and proposes a telecommunication solution capable of seamlessly 
switching between different communications systems, satellite and terrestrial depending on availability. 

The approach was primarily based on an analysis of the SELIS Living Labs requirements and use cases, the 
needs of the wider logistics sector, and the needs implied by future scenarios. 

Use case descriptions and requirements were determined using D7.1 Overall Initial Planning and Scope 
Definition, D2.1 Green Logistics Strategy and Capabilities, and direct questions to stakeholders as primary 
sources. These were then grouped into three distinct categories: Living Lab Users, Living Lab Applications and 
Living Lab Data. This exercise reinforced our understanding of the main challenges in the logistics sector. A 
further wider study of current and future logistics needs was done to provide an understanding of the changing 
landscape in transport logistics specifically with the advent of technological advances in autonomous vehicles 
and vessels, thus presenting new telecommunications challenges that needed to be addressed to support these 
future needs. 

The requirements identified as a result of this analysis of the living labs and the wider logistics sector were 
further developed into a set of scenarios for both terrestrial and maritime transport which set out the different 
telecommunications challenges from a logistics perspective. 

Having specified these scenarios, we then used these to produce a list of formal requirements categorized in 
terms of their importance, category and the aspect of the design the requirement is applicable to (architecture, 
prototype). 

We then performed a gap analysis comparing the requirements to the existing state-of-the-art. The gap 
analysis methodology follows an International Telecommunication Union standard (ITU-T Recommendation 
G.1010). The extensive gap analysis covers several sections, which vary from the definition of KPIs and the 
analyses of these, to the definition and explanation of existing and future technologies. Considerable effort was 
put in to this section and the SELIS telecommunication architecture definition, because some of the 
technologies that are introduced in this deliverable, such as 5G, are at relatively low maturity at time of writing. 
However, the potential of these new technologies and the benefits that they could bring to the logistic sector 
are substantial. 

Taking into the account the definition of all the user scenarios, user requirements and the technology inventory 
assembled up to this point, a SELIS telecommunication architecture was designed combining existing and 
widely applied technologies - for instance mobile networks - with future and innovative technologies such as 
5G. In order to do this, the architecture has been divided into two main parts: backhaul and fronthaul. Within 
each part, a set of telecommunication components have been included and explained. From all the 
components described in this deliverable, special importance is given to a particular element, the hybrid node. 
This hybrid node is particularly interesting because the capabilities that it offers are based on the 5G 
technology and will be the key element to provide ubiquitous communications. 

The last two sections of this deliverable describes some initial prototype testing work aiming at addressing the 
objectives and requirements identified as a result of the requirements and gap analysis. Specifically, we 
conducted: 

 Telecommunication test-bed setup and performance result test of a simplified scenario of a broadband 
for trains communications. 
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 Maritime performance testing and analysis related to AIS and satellite communications in difficult 
conditions. 

In addition, this section describes the relevant outcome European Commission funded projects: the first of 
them aims to improve backhaul communications and, the other one seeks a switching mechanism system that 
is able to alternate communication between satellite and terrestrial technologies. 

The last section of the document described a hybrid satellite- terrestrial test bed set up within a laboratory 
environment for use to demonstrate the benefits of ubiquitous communication and undertake comparison 
measurements across applicable Key Performance Indicators (KPI).    

 

Disclaimer 

 
 

Copyright message 
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Abbreviation / Term Description 

ACK Acknowledgement  

AIS Automatic Identification System 

ARGOS Advanced Research and Global Observation Satellite 

ARTEMIS Advanced Relay and TEchnology MISsion 

ASM Application Specific Message  

AVT Avanti Communications Plc 

BATS Broadband Access via integrated Terrestrial and Satellite systems  
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CAPEX Capital Expenditure  

CAR/SAM Air Navigation Environment in the Caribbean and South America Regions 
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CDMA Code Division Multiple Access 
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DOT Department of Transportation 
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EC European Commission  
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ENC Electronic Navigation Charts 
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ESA European Space Agency  
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EU European Union 

FAA Federal Aviation Administration 

FAL Convention on Facilitation of International Maritime Traffic 

FTP File Transfer Protocol 
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GES Ground Earth Station 

GLONASS Global Navigation Satellite System 
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IETF Internet Engineering Task Force 
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IoT Internet of Things 

IP Internet Protocol  

IPSP International Partnerships in Space Programme 
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ISL Institute of Shipping economics and Logistics 

ITS Intelligent Transport System  

ITU International Telecommunications Union 

JRC Joint Research Centre 

KPI Key Performance Indicator 
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Abbreviation / Term Description 

LEO Low Earth Orbit 

LL Living Labs 

LNB Low Noise Block Downconverter  

LOS Line of Sight  

LPWAN Low-Power Wide-Area Network 

LRIT Long Range Tracking and Identification 

LTE Long-Term Evolution 

MB Mega Bits 
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MF Medium Frequency  

MIMO Multiple-Input and Multiple-Output, 

MNO Mobile Network Operator  

MSAS Multi-functional Satellite Augmentation System 
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NACK Negative Acknowledgement  
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PC Personal Computer  
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REST Representational State Transfer 
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SANSA Shared Access Terrestrial-Satellite Backhaul Network enabled by Smart Antennas 

SAR Synthetic Aperture Radar 

SARSAT Search And Rescue Satellite Aided Tracking 

SBAS Satellite-based Augmentation System 

SC SELIS Community  

SCN Software Defined Network 

SDCM System for Differential Corrections and Monitoring 

SDN Software Defined Network  

SELIS TA SELIS Telecommunications Architecture  
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Abbreviation / Term Description 

SELIS TP SELIS Telecommunications Prototype 

SLA Service Level Agreement  

SNAS Satellite Navigation Augmentation System 

SoL Safety-of-Life 

SOLAS Safety of Life at Sea  

SOTA Sate Of The Art 

SPS Standard Positioning Service 

TCP Transmission Control Protocol 

UAV Unmanned Aerial Vehicles 

UC Use Case 

UDP User Datagram Protocol 

UK United Kingdom  

UKSA UK Space Agency 

URI Uniform Resource Identifier  

URL Uniform Resource Locator  

US United States 

USB Universal Serial Bus 

USD United States Doller  

UTC Coordinated Universal Time 

VDES VHF Data Exchange System 

VHF Very High Frequency  

VSAT Very Small Aperture Terminal  

VTS Vessel Traffic System  

WAAS Wide Area Augmentation System 

WAN Wide Area Network 

WLAN Wireless Local Area Network  

WP Work Package  

WRC World Radio Conference  

XMPP Extensible Messaging and Presence Protocol 
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1 Introduction 
Table 1: Deliverable’s adherence to SELIS objectives and Work Plan 

SELIS GA requirements 
Section(s) of present 

deliverable addressing 
SELIS GA 

Description 

(Reference to Objectives, Tasks, Subtasks) 
(Present deliverable 
Headings /Sections) 

(Briefly describe how addressed, 
max 2-3 lines) 

ST3.1.1 Gap analysis of current 
technologies against future 
requirements for Maritime and 
challenging environment 
communication. This task will analyze 
communication needs one can expect in 
future shipping in order to define the 
requirements with regard to Geographic 
coverage, security, bandwidth. Existing 
and expected future technologies will be 
analysis with respect to these. The 
IALA/IMO report on current gaps in the 
implementation of e-Navigation will 
serve as a complementary source of 
input. 

This requirement is 
addressed in section 5 using 
the requirements and 
scenarios defined in sections 
3 and 4.  

A methodology and set of KPIs 
have been defined and used as a 
baseline for comparison of 
existing as well as future 
technologies that can be used to 
meet the primary objective of 
ensuring availability of 
ubiquitous connectivity in 
challenging environments to 
support logistics operations.     

ST3.1.2 Development of prototypes for 
combined satellite and terrestrial 
communications. Definition and 
development of hardware and software 
prototypes for robust hybrid terrestrial 
satellite ship-shore communications. 
This task will not develop prototypes 
from scratch but rather will evaluate and 
modify existing systems to achieve 
connectivity goals. 

The hybrid satellite-
terrestrial test bed set up for 
SELIS is described in section 
8.  
The software prototype 
implementation for ship-to-
shore applications including 
pub/sub integration with 
applicable SELIS nodes is 
described in D3.6 

A description of the hybrid 
satellite-terrestrial test bed set 
up for SELIS is provided in the 
document. The prototype is 
made of Common Off the Shelf 
(COTS) components that only 
need to be suitably configured.  
The software prototype 
implementations to enable 
vessel route information 
exchange ship-to-ship and ship-
2-shore, and for cold chain 
monitoring are described in 
detail in D3.6 

ST3.1.3 Evaluation of enhanced 
communication systems. Evaluation of 
technology for hybrid terrestrial satellite 
communications developed in T2.2 will be 
evaluated by AVA in lab and field and road 
tests considering, robustness, bandwidth 
and latency. A real-life implementation 
of communication protocol for a 
ship2shore/ship2ship will be performed 
by MRK in challenging marine 
environments where neither satellite or 
terrestrial communication alone is 
sufficient. 

This requirement is 
addressed in section 8 and is 
informed by sections 6 and 7.  

The description of a hybrid 
satellite-terrestrial test bed is 
provided along with examples of 
the ship-to-shore and ship-to-
ship demonstration scenarios 
that can be executed using the 
test bed.  
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1.1 Scope of the document 

This document describes the SELIS Telecommunications Architecture (SELIS TA) and the SELIS 
Telecommunications Prototype (SELIS TP) that will be developed and tested in WP3. The telecommunications 
architecture will be designed to ensure robust communication with mobile assets in difficult conditions by 
seamlessly switching between satellite and terrestrial communications. This includes mobile communications 
provision for ships as well as for trains and trucks in remote areas. The relevant use cases for this architecture 
are given by the 8 SELIS Living Labs as described in deliverable SELIS D7.1 Initial Plan and Scope definition 
(Urciuoli, 2017). 

 

Figure 1 shows how the hybrid satellite-terrestrial communications component relates to the overall SELIS 
architecture. A more detailed view of the communication prototype is given in Figure 2. As more and more 
communication options have become available, it has become more difficult to select the optimal 
communication system as they have differing capabilities and characteristics. Additionally, the availability of a 
certain carrier will vary according to the position of the ship/vehicle, to weather conditions and also to the 
actual traffic situation. On the other hand, the characteristics of the applications and services must have the 
ability to select the best communication carrier at each time, since the application and services have very 
diverse communication needs. The need to have reliable and efficient communication arising from the logistic 
applications with the best cost profile must be compared and matched with the available communication 
channel characteristics. The main purpose of the Hybrid satellite-terrestrial communications prototype is to 
match the requirements from the logistics applications and the different available communication carriers, and 
then to route the information messages to this telecommunication service providers. This means that the 
Telecommunications Prototype will consist of three main parts, as displayed in Figure 2: 

 Data sources/Service Specifications/Application Requirements, left part of Figure 2: The prototype 
must handle meta-data from the logistics applications and other services describing the requirements 
these applications impose on the communication carrier. 

 Channel characteristics, blue boxes in Figure 2 covering terrestrial and land-based carriers: Describing 
and maintaining the properties of the available communication channels. 

 Software tool to match between application service requirements and channel characteristics and 
availability, selecting the optimal communication carrier based on the data transmission requirements 
and the channel characteristics. 

The requirements of the Telecommunications Architecture are further described in section 4.1 covering the 
user requirements. In the implementation of the prototype, we will focus on testing the transmission of 
relatively small status messages using AIS/ASM satellite links in remote areas where regular satellite 

Figure 1: An architectural view of SELIS (Shared European Logistics Intelligent Information Space) 
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communication is not available. The prototype will transfer short messages containing cargo status to be used 
in the logistics applications defined in the SELIS nodes. This way, the prototype can be used to ensure visibility 
throughout the supply chain, also when the cargo is transported through remote areas. The prototype is 
further described in section 7. 

 

 

Many user requirements were collected from the LLs in deliverable SELIS D7.1 Initial Plan and Scope definition 
(Urciuoli, 2017). The methodology used to obtain these requirements consisted of description of a number of 
specific use cases that each LLs considered is missing in its businesses, and therefore, will encounter a 
substantial improvement if there was a specific solution. Table 1 summarizes the expected business benefits 
that each LLs will experience by addressing the defined use cases. In addition to this, requirements from future 
logistics communication needs have been analysed, especially related to autonomous vehicles and ships, 
drones and e-Navigation. 

 

Table 2 High level expected business benefits per LL/UC 

LL UC High-level expected business benefits 

 
 
 

 
LL1 

 
 
 
 
 
 

LL2 

 

 
UC1 

 
 
 

UC2 
 
 
 

UC1 

Increase internal visibility and external visibility (spot market) 

Improve service quality 

Increase customer satisfaction 

Reduce the response time to unexpected events 

Improve the resource use 

Improve the cost management for unexpected events 

Increase feasibility on the strategic decision-making 

CO2 footprint reduction 

Improve perception of intermodal services 

Increase utilization of barge and rail services 

Reduction of operational costs 

Improve (Green Company Image) 

CO2 footprint reduction 

Figure 2 SELIS Telecommunication Architecture (SELIS TA) and SELIS Telecommunication Prototype (SELIS TP) 
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LL UC High-level expected business benefits 

  Improve perception of reefers intermodal services 
  Increase utilization of barge and rail 

 
UC2 

Reduce turnaround time of reefers 

Increase Occupancy rate 

  Improve (Green Company) Image 

  CO2 footprint reduction 

  Use resources improvement 
  Waste time reduction 

 UC1 Deliver reliability improvement 

  Route planning optimization 

LL3 
SUMY 

 Data exchange improvement 

Temperature variations reduction 

 UC2 Risk sharing agreements 

  CO2 footprint reduction 

 
UC3 

Service quality improvement 

Decrease value risk 

  Improved visibility of unused capacity 

 
LL3 

ZANARDO 

UC1 
Improved visibility of transport operations 

Lower costs due to better utilization of capacity 

Lower CO2 emissions 

 
UC2 

Reduced transport incidents 

Lower CO2 emissions 

  Data exchange improvement 
  Reduction of operational costs 

 UC1 Delivery lead time improvement 

LL3 
SARMED 

 Delivery information lead time improvement 

Reduce track time of deliveries 

Improve load factor 
 

UC2 
Reduce travel distance to collect 

Reduce delivery points per truck 

  CO2 footprint reduction 

  Reduce order handling time 

  Improve customer satisfaction 

 UC1 Reduction of operational costs 

  Improve service and process maturity 
  Reduce data exchange costs 

LL4  Increase visibility 

 UC2 Reduce late delivery 

  Improve forecast of ETA for terminals 
  Increase load factor 

 UC3 Increase modal share of IWT 

  Increase planning reliability 
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LL UC High-level expected business benefits 

  Improve forecast of volume for terminals 
  Decrease storage duration on yard 

  Reduce the number of customers' notification 
  Facilitate faster reactions 

 UC1 Reduce manual effort 

  Improve information sharing with customers 

LL5 
 Operational cost savings 

Reduce costs of wagons 

 UC2 Better utilization of wagons 

  Reduce CO2 emissions 

 
UC3 

Reduce CO2 emissions 

Better truck utilization 

  Increase shipments visibility 
  Improve reliability of shipments 

 
UC1 

Improve visibility of unused capacity 

New business opportunities 

LL6  Lower CO2 emissions 

  Customers satisfaction 
  Improve planning and scheduling of equipment 

 UC2 Lower equipment costs and network utilization 

  Lower CO2 emissions 
  Save time & money by reducing number of interventions 

 UC1 Assist government agencies to capture the pertinent data early on 

  Speed up border crossing 
  Improve planning 

LL7 UC2 Improve reporting 

  Improve declarative information 
  Allow flexibility 

 UC3 Permit scalability 

  Encourage free competition 
  Increase visibility 
  Reduce lead time 

  Reduce stock outs 

  Improvement of SC agility 

 UC1 Reduce operational cost for information exchange (paper included) 

LL8 
ELGEKA 

 Improvement of ELGEKAs relationship with their customers 

Lower CO2 emissions (-30%) 

  Improve transportation agility 
  Reduce transportation cost 
  Lower Working Capital cost for ELGEKA 

 UC2 Improve relationship with the customers 

  Development of new business opportunities also for the LSP (DIAKINISIS) 
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LL UC High-level expected business benefits 

 

 

 

 

 

 

 

 
LL8 

SONAE 

 

 

 

 
UC1 

 

 

 

 

 

 
 

UC2 

Better credit rating the less costs in the supply chain 

Decrease total stock holdings 

Increase retail sales 

Decrease production costs 

Greener Supply Chain 

New business opportunities 

Enrich relationships among players 

Better cash-flow and payment planning for SONAE 

Increase visibility over payment planning for suppliers 

Better business relationship with suppliers 

New financing business opportunities 

Increase of SONAE’s return on capital 

Reduced cost of doing business 

Reduce cost of borrowing for the supplier 
 

After providing the expected business benefits from the LLs, a further analysis is crucial to find out any 
conjunctive/converged needs and the most desirable benefits. This analysis will provide a rough idea and 
understanding of what is missing at the current supply chain and the biggest worries. For this reason, a word 
cloud generator tool has been used to acquire what words are the most repeated from the content of the 
Living Lab descriptions. The generator tool creates a word cloud where the most representative words will 
receive a bigger font and a more central position in the global picture. Figure 3 depicts the outcome of this 
straight forward exploration. 

 

Figure 3 Word cloud of expected business benefits 



© SELIS, 2016 Page | 22 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

 

 

Looking at the generated word cloud, some key words like CO2, emissions, lower cost, business, visibility, 
planning, capacity, transportation, opportunities, sharing, exchange, information, customer, time are easy to 
visualize. After scrutinizing this big word cloud picture in more detail, it becomes clear that some of the words 
are more relevant and that it is possible to find some relationships amongst them. Table 2 represents a 
potential relationship: 

 

Table 3 Potential word & LLs benefits relationship 

LLs 
Words 

Benefits 
Environmental 

impact 

Supply chain 
visibility 
Business 

Value 
Customers 
satisfaction 

CO2, emissions, footprint. 

Visibility, planning, capacity, load factor, delivery, transport, sharing, stock, 
forecast, unused. 

Lower cost, improve, business, operational, exchange, relationship, 
customers, opportunities, satisfaction. 

Customers, satisfaction, agility, time, cost. 

This Table 2 shows in a wide range that end users are worried about the negative consequences of 
environmental impact of the logistic sector, and are looking at various ways of improving and/or reducing the 
emission of CO2. Next interest is about increasing and/or including visibility of the supply chain in order to 
optimize the mobile assets availability and increase their load factor. Improving the visibility of the supply chain 
will directly help enhance the business value and grow benefits exponentially. At the other end of the chain, 
customers will expectantly notice an improvement of the logistics system in terms of time delivery and cost 
reduction. From WP3 point of view, we see that Supply Chain Visibility is the most important link between the 
SELIS Telecommunications Prototype and the Living Labs. All Living Labs deal with different aspects of lacking 
visibility and how this can be improved. A basic presumption for achieving visibility in the supply chain is to 
provide sufficient communication links, including remote areas and during difficult conditions. A summary 
description of each of the Living Labs can be found in Annex 10.1. 

 

1.2 Document Structure 

Figure 4 depicts the structure of this document: 

 

Figure 4 Structure of deliverable D3.1 
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The following sources are used as input to this work: 

 EGLS (European Green Logistics Strategies) descriptions in deliverable SELIS D2.1 Green Logistics 
Strategies and Capabilities (Giudici, 2017). 

 Living Labs descriptions in deliverable SELIS D7.1 Initial Plan and Scope definition (Urciuoli, 2017). 

 Technical description of existing communication capabilities, both terrestrial and land-based. 

 Work done in related projects as MARNis and Flagship. 

 Information from other initiatives from IMO (e-Maritime), IALA and also from EU-directives. 

Section 2 describes the methodology that will be used to evaluate the hybrid communication prototype with 
respect to the requirements given by the Living Lab regarding communication. Section 3 describes the user 
scenarios that are relevant for the Hybrid Communications Prototype. In section 4, these user scenarios are 
summarized in user requirements specification that will constitute the base of the architecture design. The gap 
analysis in section 5 covers the evaluation of the hybrid communication prototype with respect to the 
requirements given by the Living Lab regarding communication. Section 6 consists of a description of the SELIS 
Telecommunications Architecture. The prototype solution and evaluation will be described in deliverable D3.2, 
as the second and final part of this task T3.1. 
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2 Analysis Methodology 
2.1 Introduction 

The overall purpose of the deliverable is to present a relatively high-level overview of the possibilities and 
limitations of different digital data carriers in both terrestrial and maritime sectors. The main applications in 
SELIS project are on the logistics industry but it can easily apply to other industries. This section will present the 
general methodology with the main content description on major criteria used for evaluation at the end of the 
document. 

2.2 Evaluation criteria 
2.2.1 Application cases 

The analysis will use the application types listed in Table 4 as baseline. A detailed description of each of the 
services will be further developed in the next sub section, for example, how each service to be represented by 
its typical demands regarding to the requirement of using the service; the bandwidth; the criticality and the 
latency. These parameters can be quantitative numbers used for an evaluation of how the service has reached 
to its demand when using a certain carrier or group of carriers. 

 

Table 4 Application cases 

Type Description 

Distress signaling DSC emergency signals, EPIRB, SSAS. Highly critical information, but not 
necessarily with very real time performance. 

Emergency operations Ship-ship or ship-shore emergency operations. Critical, real time data. 

Nautical reporting Various longer latency message exchanges related to nautical 
operations, e.g., VTS reporting. 

AIS operations AIS reporting requirements, position reports and AtoN reports. 

Nautical operations Operational VTS-Ship communication, ship-ship, pilot-ship, port/lock- 
ship etc. This is critical real time communication with low latency 
requirements. 

Voyage reporting Mandatory and operational voyage reporting, port call logistics. Larger 
messages typically sent as e-mail. 

Cargo reporting Cargo related information directly to cargo owner. Typically, daily 
reporting on, e.g., temperatures or other parameters. 

Cargo operations Real time coordination between port and ship during loading and 
discharge. May, e.g., be emergency shut-down signals. 

Technical reporting Technical reports, maintenance related exchanges, spare parts orders. 

Technical operations Interactive technical operations related to maintenance, fault findings 
and repair. 
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Crew infotainment Family and relatives’ communication, web browsing, entertainment. 

Passenger infotainment Passengers’ use of Internet services, typically by payment. 

Billing Transactions related to passengers’ payment for services. May include 
money transactions as well as information for supply logistics. 

Logistics communications    Some containers require special care after they are loaded on board 
1 ship such as reefer containers. These containers need to be supplied 

with power, closely monitored for proper function and repaired as 
required in case of malfunction.  At sea, all reefer containers shall be 
monitored by checking physically for example twice per day. All 
monitored data for each reefer container on board shall be entered in a 
reefer monitoring log and retained for 3 years. Some reefer containers 
with special cargo (e.g.: VIP cargo) come with instructions for more 
frequent monitoring and reporting. Such instructions shall be strictly 
followed. Daily condition checking can be for example: 

a. Power supply 
b. Cooling water supply maintained in case of water-cooled 

machinery 
c. Present actual temperature on partlow chart and digital 

indicator 
d. Partlow chart verify if any disruption to power supply or fault in 

unit if abnormal trend is observed 
e. Any alarms displayed on the digital indicator 
f. Control box door firmly tightened to prevent any water damage 
g. Any abnormal noise or vibration from the refrigerating 

equipment 

In case of a malfunction, the facts must be reported without delay to 
concerned parties as required by the voyage instructions. Repair work 
on the malfunctioning container must be undertaken with best efforts 
after consulting annuals/drawings and instructions from concerned 
lines technical department. It is an obligation upon the carrier (and 
ship’s crew) to exercise due diligence in preventing any cargo damage. 

E-navigation E-navigation is defined as “the harmonized collection, integration, 
exchange, presentation and analysis of marine information on board 
and ashore by electronic means to enhance berth to berth navigation 
and  related services for safety and security at sea and protection of the 
marine environment (IMO, 2017)” 

2.2.2 Application requirements 

This section classifies the applications in different classes, which will have different requirements that are 
satisfied in varying degree by the different carriers. These may be requirements for a carrier to provide a 
minimum bandwidth or the possibility to run an interactive service, or that the carrier can be used for critical 

 

1 Logistics communications is sort of major relevance to this deliverable and SELIS. It therefore has a longer description 
and explanation comparing to the other applications/services. 
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applications like emergency management. The table lists the main requirements groups and a more detailed 
description can be found in the following subsections. 

 

Table 5 Overview of requirements and corresponding parameters 

Kbps Regulations Criticality Latency 

Bandwidth in kbps, mean over 24h Examples or empty Very high, high, medium RT, IP, Low, Medium 

Note that the analysis does not look at integrity requirements (e.g., as maximum error rates) explicitly. This 
issue is quantitatively included in criticality. Also, only digital exchanges are covered. For special data 
transmissions such as voice over a digital channel (e.g., VoIP), more specific requirements on latency, error 
rates etc. will apply. 

     Bandwidth – kbps  

The bandwidth describes the amount of data that can be sent or received in a given time interval, and it is 
measured in kilobits per second (kbps). The figure is given as a mean value over 24 hours in a “worst case” 
situation when the ship is approaching the port. 

2.2.2.1 Regulations  

Regulations will set certain constraints to the type of communication systems that can be used to support 
certain types of applications. Of main interest in this context are the following main types: 

 GMDSS: Global Maritime Distress and Safety System compliant equipment is required according to 
SOLAS for a range of safety and security services [SOLAS]. The requirements will normally be fulfilled by 
various dedicated communication equipment such as VHF radio, emergency beacon transmitters etc. 
However, GMDSS will for many ships mean that they have to invest in an Inmarsat C or Inmarsat Fleet 
77 terminal to cover emergency communication. This means that this system can be used either for 
general digital communication or as a backup to a VSAT or other type of system. 

 LRIT: Long Range Identification and Tracking is also mandated by SOLAS and will in many cases require 
satellite systems. In this case, one may also use VSAT or Iridium solutions, but if Inmarsat is installed, it 
may be more cost effective to use this. 

 SSAS: Ship Security Alert System is also mandated by SOLAS and is covered by similar requirements as 
LRIT. 

 FAL: There are requirements to messages being sent to ports and port state authorities to request 
clearance for ships. This is to some degree covered in SOLAS, but mostly in national legislation that is 
more or less aligned with the FAL Convention [FAL]. 

 SOLAS: Various instruments, including SOLAS itself, have provisions that mandate exchange of 
information between ship and shore entities. One example is the International Code for the 
Construction and Equipment of Ships Carrying Liquefied Gases in Bulk that has certain requirements for 
communication between ship and shore facilities during loading and offloading of gas carriers. This is 
normally implemented with the help of fixed land lines between ship and shore facilities [IGC]. Note 
that also the Bulk loading and unloading code [BLU] has requirements for communication between 
port and ship. However, the BLU code will normally be implemented in the form of pre-arrival reports. 

For the purpose of this report, regulatory requirements may not be a determining factor for the selection of 
communication carrier. However, since it belongs to the “minimum requirements” category, it may determine 
which of a range of possible systems one selects. 
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2.2.2.2 Criticality  

The criticality of a communication service can be defined as the cost of unavailability when service is needed, 
or the importance of service availability. For instance, the lack of communication during an emergency 
situation may greatly increase the threat to human lives, thus emergency communications are considered 
highly critical. A carrier used for critical messaging should be able to prioritize these messages above other 
messages, for instance by providing a separate channel reserved for critical messages. 

Criticality can be more quantitatively classified as shown below. It relates to how much of the time a carrier 
may be out of service and for how long. The table indicates criteria for determining criticality. The table will not 
be used directly in the analysis, but it is included here to illustrate how criticality can be mapped to availability 
requirements. The analysis section will use qualitative criteria only. 

 

Table 6 Example criticality criteria 

Criticality Duration of loss Service unavailable 

Very high < 10 second < 1% 

High < 1 minute < 1% 

Medium < 1 hour < 10 % 

Very high criticality means that availability must be close to continuous and that messages should be 
guaranteed to be passed through within the latency periods specified. One may need multiple transmissions, 
but the time frame should be kept. High criticality requires very high availability. Some loss of carrier is allowed, 
but not for extended periods, e.g., a minute loss may be acceptable. Medium criticality will allow loss of a 
carrier for some hours. Criticality will have an impact on the suitability for a given carrier, given operational 
limitations, to provide the communication service for a given application. 

2.2.2.3 Latency  

Different services may have different needs in relation to how the messages are transmitted on the 
communication carrier. Typically, services can be divided into message-based services and continuous 
streaming services. In addition to that, there are typically some latency requirements related to the transport. 
Carrier capabilities will be discussed in more detail in section 2.2.4.5, but for applications the classification is 
limited to the following classes: 

 RT (Real Time): Latency on the order of milliseconds is required. This is only possible for 
communication directly between ships or between ship and shore. Satellite communication will 
generally not be able to supply RT class latency. 

 IP (Internet): This indicates a requirement to provide Internet (TCP/IP) connectivity in near “real time”. 
This will typically be a latency in the order of a second or less. For general ship-shore communication 
via satellite this is as close to real time one can come. 

 Low: Messages are allowed to take a few seconds up to a minute to reach the destination. This is 
typical for most short messaging services, e.g., for distress signaling. 

 Medium: Messages are allowed to take several minutes up to one hour to reach the destination. This is 
typical for reporting type applications where the sender does not require immediate reply and this is a 
typical characteristic of e-mail applications. 

Note that latency is different from the criticality criterion relating to service unavailability duration. 
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2.2.3 Carrier classes 

For the purpose of this analysis, the number of carriers has been limited to those normally in use on ships and 
which have typical properties that can often be generalized for a larger class of carriers. The table briefly 
describes the carrier classes considered. 

 

Table 7 Carrier classes 

Type Description 

Inmarsat C Unidirectional antenna, GEO system. Part of GMDSS. 

Fleet 77 Stabilized antenna, higher capacity. Part of GMDSS. 

VSAT - Ku Most common commercial VSAT system 

VSAT – C Larger antenna VSAT system 

Iridium OpenPort LEO System, unidirectional antenna, worldwide 

AIS Not really general purpose, included for reference 

Digital VHF System using a number of VHF channels for digital communication 

WiMAX/LTE Different systems in the 4G mobile communication group 

Hybrid system This will be a new system element developed from SELIS, that can 
optimally use existing terrestrial and satellite carriers 

 

 

2.2.4 Carrier properties 

Each different carrier type has different capabilities. This makes it more or less suitable for various applications 
under various conditions. The table lists the main properties considered in the analysis. 

 

Table 8 Overview of requirements and corresponding parameters 

Reg. Coverage Reliability kbps Latency IP 

GMDSS, LRIT See 2.2.4.2 See 2.2.4.3 kbps See 2.2.2.4 Yes or No 

The properties are described in more detail in the following subsections. The analysis section will contain more 
background on the selection of these parameters and other parameters that need to be considered for certain 
data traffic such as bit error rate and actual round-trip delay. 

     Regulations (Reg)  

This is the same codes as used in 2.2.2.1. The code specifies if the carrier can implement the corresponding 
applications. 

     Coverage  

Each carrier is characterised by a coverage class. The following codes have been used: 



© SELIS, 2016 Page | 29 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

 

 GEO: Geostationary satellite system that provides global beam coverage 

 SGEO: geostationary system that may only provide spot beam coverage 

 LEO: Low earth orbit satellite system that provide true world coverage 

 SLOS: Line of sight coastal system 

This classification will be converted to geographic coverage as described in section 2.2.5. 

2.2.4.1 Carrier reliability  

Some of the applications are critical for ship or crew safety. Thus, the use of a carrier will depend on how well 
this carrier can guarantee to deliver its specified service when needed. This is a very complicated area and this 
report will not attempt to do a full investigation of this issue. For a fairly thorough discussion of VHF, Iridium 
and Inmarsat in US airspace, one can, e.g., refer to [NASA06]. 

Carrier reliability will be divided into two components: 

 Technical reliability: This issue will mainly cover the availability of the system used to transmit and 
receive data. 

 Quality of service (QoS): This will cover the quality of the available service when the system is 
functioning on a technical level. 

Overall service reliability will be a combination of these two factors and will be classified in three levels: 

 Very high: This is a carrier that will be available in its specified geographic area for most of the time, 
except under very adverse circumstances. It will be suitable for safety critical applications, although not 
without some backup. 

 High: This carrier will work as specified almost all times. It can be used for safety critical applications 
when combined with a backup solution of the same reliability or higher. 

 Medium: There are several issues that may cause loss or degradation of communication. Thus, it will 
normally be most useful as a backup to higher reliability solutions if critical applications depend on 
integrity of communication. 

 

2.2.4.2 Latency and IP support  

The latency requirements listed for applications in section 2.2.2.4 did not distinguish between the type of 
transmission (message or stream based) and latency. In most cases, it is the latency that is the critical 
parameter, stream or messages can be implemented on top of the carrier protocol in most cases. An example 
of a message-based application is e-mail; and voice over Internet (VoIP) is an example of a stream-based 
application. However, the underlying implementation is normally using packed based messaging for VoIP (UDP) 
and stream-based communication (TCP/IP) for e-Mail transfer. 

For the carrier there are additional constraints that may make a certain carrier less suitable for implementation 
of the TCP/IP communication protocol, which is necessary for, e.g., general purpose web browser applications. 
Thus, the carrier classification makes a distinction between latency and if it is easy to implement TCP/IP over 
the carrier or not. 
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Note also that the RT classification for applications implies that the application requires a direct point to point 
link between the ship and the entity it communicates with, e.g., another ship or shore. This constraint is also 
included in the carrier classification. 

The carrier classification uses the same latency classification as is listed in section 2.2.2.4, but also contains a 
flag marking it suitable for implementation of TCP/IP or not. Table 10 shows how the carrier classification 
parameters are related to each other and the ability to set up a direct point to point the link between a ship 
and another ship or shore. This capability is required for critical real-time systems such as AIS and related 
coordination functions. 

 

Table 9 Cross reference between carrier capabilities and point to point support 

IP support Latency Point to point 

Yes RT Yes 

No RT Yes 

Yes IP No 

No IP No 

No Low No 

No Medium No 

Note that point to point support may or may not imply that a carrier is suitable for implementation of TCP/IP. 
Also note that RT latency can only be supported by point to point capable carriers and that low or medium 
latency prohibits the use of IP over this carrier. 

2.2.5 Geographic coverage 

The geographic sea areas defined in the below table are characterized by having different constraints as to how 
well various communication carriers work. These areas have specific challenges concerning range and 
availability of different communication solutions. This section gives the definition of the different areas, while 
the analysis sections give a more detailed description of their characteristics. Some of the defined areas relate 
directly to the IMO defined GMDSS Sea Areas, which are described in Annex 10.2. 
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3 User scenarios 

This section describes the user scenarios for the hybrid satellite-terrestrial communication prototype. Input for 
these descriptions is fetched from the Living Lab use case descriptions in deliverable SELIS D7.1 Initial Plan and 
Scope definition (Urciuoli, 2017) and the description of the European Green Logistics Strategies (EGLS) in 
deliverable SELIS D2.1 Green Logistics Strategies and Capabilities (Giudici, 2017). 

 

3.1 Scope of the scenarios 

Offering communication capacities in difficult conditions is a prerequisite for collection of information during 
the whole transport chain. Furthermore, being able to collect and distribute information during the whole 
transport chain is important to be able to provide visibility to the transport chain actors. From deliverable SELIS 
D2.1 Green Logistics Strategies and Capabilities (Giudici, 2017) which contains descriptions of the European 
Green Logistics Strategies (EGLSs), we know that Supply Chain Visibility and CAPA Visibility is a strategic 
capability that is highly relevant for communication in difficult conditions. It states the following: 

"Visibility is a prerequisite for transport planning, execution and monitoring. Lack of visibility hinders supply 
chain agility and transport and logistics performance. Transport planning processes such as the planning of 
transport capacity, the allocation of cargo to available transport capacity, and route planning, are highly 
dependent on accurate and timely information. During transport execution, information on the condition of 
infrastructure, traffic, availability of resources, and information on status of cargo at the shipment and 
consignment levels, is relevant. Monitoring (and re-planning) is highly dependent on visibility. It allows for the 
detection and signalling of anomalies and deviations from the plan. It provides the ability to foresee such 
deviations by estimates of the probability of occurrence, and detect deviation at an early stage. It also creates 
the ability to evaluate and select corrective actions such as re-schedule or switch to another resource, asset, or 
service. As such, visibility helps increase the predictability of events." [D2.1] 

To summarize, this means that the availability of communication services during difficult conditions is 
important as an enabler for supply chain visibility. 

3.1.1 Analysis of Living Labs Use Cases 

To be able to extract the relevant information from the Living Labs, that is the information related to the 
communication requirements and the prototype to improve hybrid satellite-terrestrial communications with 
mobile assets in difficult conditions, the Living Lab use cases have been analysed with respect to this. Figure 5 
gives a summary of those parts of the Living Lab Use Cases that are relevant as requirements for the 
communication prototype. This information can be grouped as follows: 

 Living Lab Users 

 Living Lab Applications 

 Living Lab Data 
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Figure 5 Linking Living Labs Use Cases and Communication User Scenarios 

 

Additionally, Figure 6 provides an overview of different transport phases and planning levels relevant when 
analysing the Living Lab Use Cases: 

 Living Lab Transport Phases 

 Living Lab Planning Levels 
 
 

 

 
 
Following to this section these criteria will be further described. 

3.1.1.1 Living Lab Users  

The 8 Living Labs have both Logistics Service Providers (LSPs) and Logistics Service Clients (LSCs) as their users. 
The interactions with the SELIS node cover both two ways communication between LSPs and LSCs, and 
communication between several LSPs. However, those characteristics of the user groups are not relevant for 
the communication user scenarios, since the SELIS Telecommunications Architecture and SELIS 
Telecommunications Prototype are focused on providing basic communication services. However, for the 
communication user scenarios, it is useful to have an overview of the information exchange, whether it is used 
to improve the collaboration between a group of LSPs (right-most column), or whether it covers information 
exchange between LSCs and LSPs. 

Table 11 gives an overview of each living lab use case and whether they have a logistics service provider (LSP) 
view or logistics service client (LSC) view. The column "Main view" indicates whether the LSP or the LCS is the 
main actor in this use case. Column "LSC  LSP Information Exchange" indicates whether both LSCs and LSPs 
are involved in the collaboration described in the use case. The column "LSP  LSP Information Exchange" 
indicates use cases where several LSPs collaborate for instance to increase transport utilization or the transport 

Figure 6 Different levels of planning related to the transport phases  
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planning to reduce CO2 emissions. The information exchange can be related to information used during 
strategic, tactical and operational planning and also during execution, completion and marketing/sales of the 
transport services. For several of the LL use cases, information from LSPs to LSCs consists of tracking and 
tracing information. From LSCs to LSPs it is typically booking information and cargo information. 
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Table 10 Living Lab User groups 

 
 
 

LL 

 
 
 

UC 

 
 
 

Main view 

LSCLSP 

Information 

Exchange 

LSPLSP 

Information 

Exchange 

Comment 

 
 

LL1 

 

UC1 
 

LSP 

X x Supply chain visibility platform, CAPA 

dashboard 

UC2 LSP X 
 

Strategic analysis of the transport services 

 

 
LL2 

 

UC1 
LSC X 

 
Inland waterway reliability. Analysis and 
KPIs 

 

UC2 
LSC X 

 
Synchro-modal transport analysis of 
reliability, CO2, supply-chain performance 

 
 

LL3 

SUMY 

 

UC1 
LSP X 

 
Collaborative transport planning. Matching 
of transport services and demands. 

UC2 LSP X 
 

Monitoring of transport operation 

 

UC3 
LSP X 

 
Strategic monitoring of collaboration value 
and risk 

 
 

LL3 
ZANARDO 

 

UC1 
LSP X x Information Sharing Hub: Transport 

planning, tracking and tracing 

 

UC2 
LSP 

 
x Selection of external LSPs based on public 

information 

 
LL3 

SARMED 

 

UC1 
LSP X 

 
Exchange of transportation information of 
goods between LSPs and LSCs. 

UC2 LSP 
 

x LSP-LSP price-time negotiation tool 

 
 
 

LL4 

 

UC1 
Both X 

 
Supply Chain visibility platform: customer 
bookings, barge schedules 

UC2 Both X 
 

CAPA dashboard 

UC3 LSP X 
 

Capacity planning for transport means 

 
 
 

LL5 

UC1 LSC X 
 

Supply chain visibility platform 

 

UC2 
LSP 

  
Analysis and prediction of train and wagon 

arrivals 

UC3 LSP X 
 

Creating operational transport plans based 
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LL 

 
 
 

UC 

 
 
 

Main view 

LSCLSP 

Information 

Exchange 

LSPLSP 

Information 

Exchange 

Comment 

     on truck position 

 
 

LL6 

 

UC1 
LSC X 

 
Information Sharing Hub: Provide tracking 

and tracing information 

UC2 LSP X 
 

Optimal trailers planning and scheduling 

 

 
L7 

UC1 N/A Improve connectivity (security, correctness 

for customs information) between B2B 

platforms and regulatory agencies. Identify 

high-risk consignments and shipments. 

UC2 

UC3 

 

LL8 
ELGEKA 

UC1 LSC X 
 

Visibility platform for tracking and tracing 

UC2 LSP N/A Economical assessment, not transport 

 

LL8 
SONAE 

UC1 N/A Order forecasting, not transport. 

 
UC2 

N/A Payment forecasting and dynamic 
discounting not transport. 

 
 

3.1.1.2 Living Lab Applications  

From deliverable SELIS D7.1 Initial Plan and Scope definition (Urciuoli, 2017) and the previous analysis in Table 
11, we see that the Living Lab use cases can be summarized to provide the following applications, see Table 12: 

 Collaboration Platform 

 CAPA dashboard 

 Various analysis tools 

 KPI tools 

 Monitoring Services/ Tracking and Tracing Services 

 Transport Planning Services 

The communication user scenarios described in section 3.2 are described based on these logistics applications. 
 

Table 11 Living Lab Applications 

LL UC Applications 

 

 
LL1 

 
UC1 

Collaboration Platform 

CAPA dashboard 

UC2 Strategic analysis tool 
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LL UC Applications 

 

 

 
LL2 

 

 

UC1 

Collaboration Platform 

Analysis Tool 

KPI Tool 

UC2 Analysis Tool 

 

LL3 

SUMY 

UC1 Collaboration Platform 

UC2 Monitoring 

UC3 Monitoring 

 

LL3 
ZANARDO 

UC1 Collaboration Platform 

UC2 Analysis Tool 

 

LL3 
SARMED 

UC1 Collaboration Platform 

UC2 Negotiation Tool 

 

 

LL4 

UC1 Collaboration Platform 

UC2 CAPA dashboard 

UC3 Transport planning 

 

 

LL5 

UC1 Collaboration Platform 

UC2 Analysis Tool 

UC3 Transport planning 

 

LL6 
UC1 Collaboration Platform 

UC2 Transport planning 

 

 

 

LL7 

UC1 Cross platform information collection of supply chain information 

 

UC2 
Cross platform information exchange of supply chain information, logistical 
view 

 

UC3 
Cross platform 
commercial view 

information exchange of supply chain information, 

LL8 UC1 Collaboration Platform 
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LL UC Applications 

ELGEKA 
UC2 Economic Analysis Tool 

 

LL8 
SONAE 

UC1 Order Forecasting Tool 

UC2 Payment forecasting Tool 

 

 

3.1.1.3 Living Lab Data  

The data requirements originated from the Living Labs are the most important contribution to the overall 
requirements to the Hybrid communication prototype. A summary of the main data requirements for the Living 
Lab Use cases are listed in the column "Data Exchange" in Table 12. The right-most column indicates whether 
this data is relevant to be handled by the hybrid communication prototype or not. The reasons why the data 
exchange is relevant or not include: 

 Only data used in the planning and execution phase need to be handled by the hybrid communication 
protocol, since the prototype handles communication in difficult conditions. We assume that during 
marketing, sales and completion of the transport, the communication technology is in place. 

 Only data that is used during operational planning is relevant for the prototype, not during strategic 
and tactical planning. 

The following data overview is an exchange between actors in the SELIS node: 

 Information related to Planning of a transport chain: 
 Selection and negotiation of transport services to be included. 
 Quotation, pre-booking and booking of services. 
 Contracting with the service providers and with the customs. 
 Reservation of place on the transport mean(s) or load units to be used. 

 Definition of transport items (goods to be transported). 
 Split and joint booking activities. 
 Stuffing and stripping activities. 
 Transport chain composition. 

 Information related to Execution: 
 Monitoring of progress. 
 Status, position and spatial information reporting regarding goods on the move or the traffic 

conditions. 
 Deviation reporting. 
 Deviation management. 
 Information reporting to authorities. 

3.1.1.4 Living Lab Transport Phases  

The Living Lab use cases cover the following transport phases Figure 6: 

 Marketing and sales 

 Planning 

 Execution 

 Completion 

A short description of each phase taken from (Fjørtoft, 2011) is as follows: 
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 The Marketing and Sale Phase starts when the Logistic Service Provider (LSP) carries out the operational 
planning for its services and then informs the market about the services offered (i.e., publishes the 
services available to Logistic Service Clients (LSCs)). LSCs use this information to select potential LSPs for 
their transport operations. … The process of establishing a Transport Plan also includes the exchange of 
instructions, like handling instructions for the goods, as well as detailed information about the 
contractual terms and conditions between a LSC and a LSP … 

 The Planning Phase begins when a contract has actually been awarded. A Transport Plan is developed 
for the goods that the LSC offers for transport. Information concerning infrastructures is obtained from 
Traffic Managers along the various alternative routes to ensure that the most current information on 
the route is available for the planning system. The Planning Phase ends when the Transport Plan is 
marked “Ready for Execution.” 

 The Execution Phase begins when the Transport Plan is marked “Ready for Execution”, and ends when 
the Transport Execution Status is marked with “Completed” or “Cancelled”. In this phase the status of 
the Transport Plan and the goods or load units to be transported are exchanged. Handoffs between 
service providers are monitored as are service levels and performance indicators. 

 The Completion Phase begins when the Transport Execution Status is marked as “Completed” or 
“Cancelled.” During the Completion Phase “proof of delivery” documents or information is collected, 
damaged goods processes executed if required, invoicing and collections activities and freight auditing 
activities performed. The Completion Phase ends when all “after delivery” activities have been 
completed to the satisfaction of all parties … 

For the communication prototype, planning and execution phases are the most relevant. 

3.1.1.5 Living Lab Planning Levels  

The different Planning Levels shown in Figure 6 and referenced in Table 13Table 12 - Living Lab Applications 
can be described as follows (Fjørtoft, 2011): 

 Strategic transport planning is the long-term planning of transport activities in line with the overall 
organisation’s strategy. It consists of network design, investments in assets and resources, strategic 
partnerships with suppliers and customers, and the development of specific communication channels 
between partners. 

 Tactical transport planning is the determination and scheduling of the short-term activities required to 
fulfil the objectives of the strategic plan. It consists of sourcing contracts, resource allocations, routes 
and schedule plans, as well as performance and customer relationship management. 

 Operational transport planning is the management of daily transport operations. It consists of 
responding to customer demands, coordinating transport services and engaging necessary resources 
and following up on transport services in real time. 

For the communication prototype, operational planning is the most relevant. 
 

Table 12 Living Lab Data, Transport Phases and Planning Levels 

 
LL 

 
UC 

 
Data Exchange 

 
Transport Phase 

 
Planning Level 

Relevance to 
Communication 
Prototype 

 
 

LL1 

 
 

UC1 

Historical data from 9 
different transport 
systems 

Planning Operational Not relevant, 
since it is 
historical data 

 

Trucks status and 
availability 

Execution Operational Relevant: 

Status message 
and availability 
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LL 
 

UC 
 

Data Exchange 
 

Transport Phase 
 

Planning Level 
Relevance to 
Communication 
Prototype 

     of transport 
means 

 

Transport service 
bookings 

Planning Operational Not relevant, 
since it is in the 
planning phase 

 
UC2 

Transport service 
bookings 

Marketing and Sale Strategic Not relevant, 
since it is in the 
marketing and 
sales phase 

 

 

 

 

 

 

 

 

LL2 

 

 

 

 

 

 

UC1 

Schedules (barge, rail) Planning Operational, 

Tactical 

Not relevant, 
since it is static 
data fetched 
from available 
systems 

Container status and 
availability 

Planning Operational, 

Tactical 

Data provided 
directly to Track 
& Trace module 
in Port of 
Rotterdam 

Deep-sea vessel arrival 
and departure times 

Planning Operational, 

Tactical 

Vessel arrival 
time is relevant 

 
UC2 

Shipments 

Transport demand: 
Orders 

Planning Operational Not relevant 

  Invoicing Completion Operational Not relevant 

  Track and trace info: 

Container status 

Deep sea carrier status 

Rail status 

Barge status 

Execution Operational Relevant 

 

 

 
LL3 

SUMY 

 

 

 
UC1 

Transport demand: 
Freight orders 

Transport offer: available 
capacity 

Planning Operational Not relevant 

Transport events 

Real-time traffic data to 
monitor the transport 
progress and react on 

Execution Operational Relevant 
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LL 
 

UC 
 

Data Exchange 
 

Transport Phase 
 

Planning Level 
Relevance to 
Communication 
Prototype 

  disturbances    

 

 

 
UC2 

Transport progress data 
Temperature data, 
vehicle state 

Fuel consumption 
Emissions 

Other sensor data 

Execution Operational Relevant 

 

 

 

 

UC3 

Historical data on: 

Delivery records 

Transport performance 

Delivery performance 

Orders 

Routes 

Finance 

Planning Strategic Not relevant 

 

 

 

 

LL3 
ZANARDO 

 

 

 

 

UC1 

LSP status 
Transport means position 
Available capacity 

Planning Operational Relevant 

LSC information 
Booking 
Volume/weight 
Service Level 
Distance 

Planning Operational Not relevant 

Cargo tracking Execution Operational Relevant 

UC2 Reliability of transport 
providers 

Planning Tactical, 
Operational 

Not relevant 

 

 
LL3 

SARMED 

 

UC1 
Delivery status Planning, Execution Operational Relevant 

Cargo arrival information Execution Operational Relevant 

Daily Orders Planning Operational Not relevant 

 

 
UC2 

Delivery Demands 
Delivery Capacity 
Assignment notification 
between two LSPs 

Planning Operational Not relevant 

 Collection Confirmation Execution Operational Hardly relevant 

 

 

 
LL4 

 

 

 
UC1 

Container status and 
availability (deep-sea) 

Vessel arrival (deep sea) 

Vessel departure (deep 
sea) 

Barge Position (AIS) 

Execution Operational Relevant 
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LL 
 

UC 
 

Data Exchange 
 

Transport Phase 
 

Planning Level 
Relevance to 
Communication 
Prototype 

  

UC2 
Inland vessel tracking 
data 

Execution Operational Relevant 

Load and unload 
notifications from 
terminal, other sea- 
terminal data 

Execution Operational Not relevant 

Container availability Execution Operational Relevant 

Ocean carrier data Execution Operational Relevant 

Vessel schedules Planning Operational Not relevant 
 

UC3 
N/A N/A N/A Data is already 

described in 
UC1 and UC2 

 

 

 

LL5 

UC1 
Container status and 
position 

Planning Operational Relevant 

 

UC2 
Historical data on trains 
and wagons departures 
and arrivals 

Planning Operational Not relevant 

 

UC3 
Real-time data on trains 
and wagons departures 
and arrivals 

Execution Operational Relevant 

 

 

 

LL6 

 

UC1 
Road, Terminal, Sea and 
Rail track and trace 
information 

Execution Operational Only relevant in 
remote areas 

 Logistics booking and 
plans 

Planning Operational Not relevant 

UC2 
Historical data Planning Operational, 

Tactical 
Not relevant 

 

LL7 

UC1 N/A N/A N/A N/A 

UC2 N/A N/A N/A N/A 

UC3 N/A N/A N/A N/A 

 

 

 

 

 
LL8 

ELGEKA 

UC1 
Real-time arrival and 
departure time of cargo 

Execution Operational Relevant 

 Shipment documents 

Invoices 

Routing details 

Bookings 

Planning and 
completion 

Operational Not relevant 

 

UC2 
Business structure data 

Receivables Info 

Actual Turnover and 

Tactical Marketing and 
Sales 

Not relevant 
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LL 
 

UC 
 

Data Exchange 
 

Transport Phase 
 

Planning Level 
Relevance to 
Communication 
Prototype 

  Planned for the current 
and next year 

   

LL8 
SONAE 

UC1 N/A N/A N/A N/A 

UC2 N/A N/A N/A N/A 

 

 

3.2 Scenarios 

This section describes the user scenarios identified based on the 8 Living Labs described in deliverable SELIS 
D7.1 Initial Plan and Scope definition (Urciuoli, 2017). The user scenarios described in Section 3.2 are grouped 
as follows: 

 Collaboration Platform and Visibility Services 

 Transport Planning Services 

 Monitoring, Tracking and Tracing Services 

 Analytical tools: Capacity Utilization and Optimization Services 

Additionally, some of the user scenarios are not directly related to the Living Lab use cases, but we think that 
they will be important for the future logistics sector, such as autonomous vehicles and ships and drone 
delivery. 

3.2.1 Terrestrial 

3.2.1.1 Capacity utilization/optimization  

Many surveys done during the last decade have shown that the logistics sector has been deploying an 
inefficient use of trucks, wagons, vessels and planes capacity utilization during all these years. This inefficiency 
has increasingly become more worrying to supply chain owners and governments due to greenhouse emissions 
in terms of globally awareness and loss of businesses. 

There are many ways of measure the vehicles’ load factor varying from weight, space density, pallet numbers 
and average pallet weight. The figure below depicts the average deck area utilization and the average weight 
utilization which are not particularly high after collecting data across 50 fleets. 
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Figure 7 Average deck area and weight utilization of vehicles 

 

Increasing this load factor has become a priority to supply chain owners, both big and small enterprises, where 
digitalization has not breached yet strongly and embracing new solutions will definitely assist improve these 
percentages. Other key performance indicators closely related to load factor are: 

 Empty running is the distance where the vehicle travels without transporting any goods. 

 Vehicle time utilization that adds up the time from different activities range from: 
I. Running on the road. 

II. Stationary during driver rest-period. 
III. Being loaded or unloaded. 
IV. Preloaded and awaiting for departure. 
V. Delayed or otherwise inactive. 

VI. Undergoing maintenance or repair. 
VII. Empty and stationary. 

 Deviation from schedule based on possible delays that might be caused, for instance by: 
I. Problem at collection point. 

II. Problem at delivery point. 
III. Own company actions. 
IV. Traffic congestions. 
V. Equipment breakdown. 

VI. Lack of a driver. 
 Fuel consumption for both motive power and refrigeration equipment. 

By improving the logistics sector the company’s resource’s optimization will automatically benefit, generating 
more revenues and reducing CO2 emission levels. That is why, new technologies have an opportunity to 
support and improve services providing better communication systems and addressing the lack of visibility of 
the mobile assets. A lot of this potential will rely on Internet of Things (IoT) solutions, making available the 
access to load factor data and logistics KPI’s remotely and continuously. 

 
Telecommunication challenges/requirements 

A number of telecommunication challenges derive from the capacity utilization use case. The fact that 
information like load factors, vehicle time utilization, deviations from schedule information as well as fuel 
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consumption information should be constantly available to the system poses a number of requirements to the 
system. 

The data to be transmitted are listed below: 

 Load factors 

 Empty running 

 Vehicle time utilisation 

 Deviation from schedule information 

 Fuel consumption 

This type of data is typically short messages to be transmitted and long range low data rate communications 
protocols shall be used. The need for ubiquitous coverage is a challenge to be addressed with the use of a 
hybrid scheme combining the selected terrestrial technology with satellite connectivity. Of course the use of 
the satellite for ubiquity should be carefully examined and be decided after a detailed cost benefit analysis. 

3.2.1.2 Goods monitoring and tracking  

New introduced legislations and high-end markets are pushing towards a more meticulous and exhaustive 
monitoring of goods transport, constraining the logistics sector to adopt and be open to new technologies that 
might offer these services in a handier and easier way. Goods monitoring will provide better customer 
experience, detection of hostile storage environment, loss of goods in transit, reduce theft, reduce breakage 
due to improper handling, et al. 

Technology investment has clearly taken off between 2014 and 2016 in this sector, but IoT solution has 
remarkably increased by 19%. The picture below depicts the different technologies usage within the logistics 
sector and the obvious tendency of companies shifting towards more technologically advanced solutions. 

 
 

It appears that IoT will be the solution to collect any kind of required data by installing various sensors to offer 
the different end user requirements. In terms of user requirements, another trend change has been observed 
where more retailers, manufactures and logistics providers are looking at the returned value of collecting data 
related with security, temperature, speed, et al, and not only tracking the location of the different mobile 
assets that has become a standard prerequisite. The next figure illustrates the different type of data that has 
been requested by stakeholders in the supply chain. 

Figure 8 Technology investments percentage growth 
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Figure 9 Real time data requirements 

 

IoT penetration in this sector could reach huge extensive levels, varying from warehouse, mobile assets, 
manufacturing, et al. The integration of all these data in the several steps of the supply chain will provide an 
immersive and very detailed service. Currently, mobile assets and warehouses are the widest parts that IoT 
have been able to offer its advantages as the following picture indicates. 

 

Reaching this point, it is clear that goods monitoring systems provided by IoT service will provide extensive 
functionalities to make sure that are transported in the required quality levels. Some of the parameters that 
will be definitely monitored, as it was previously shown, will be: 

 Weight 

 Temperature 

Figure 10 Penetration levels in the supply chain 
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 Humidity 

 Security 

 Integrity 

On the other hand, it should not be forgotten that location tracking nowadays is a must in the logistics sector 
and every party of the chain is interested to obtain a full visibility of goods transportation. Additionally, tracking 
service will also be able to offer other information’s factors like vehicle’s speed, real traffic status, better 
routing if there is any traffic jam, et al. 

 
Telecommunication challenges/requirements 

The goods monitoring and tracking use case creates a number of challenges to be addressed as in this use case 
we do have a big number of short messages that, when aggregated, can significantly increase the overall 
bandwidth requirements. Some examples are presented below: 

 Weight 

 Speed 

 Temperature 

 Humidity 

 Security 

 Integrity 

 Positioning Data 

The data aggregation is a state of the art technology but the ubiquitous coverage and undisrupted end to end 
connectivity poses a number of challenges as far as telecommunication protocols are concerned. The use of 
hybrid terrestrial connection within the 5G context would be a candidate solution. The harmonisation of the 
satellite and terrestrial connection interfaces form part of ongoing research activities within the 5G  
community. As a SOTA solution a hybrid 4G system with satellite connectivity would be a solution that could be 
tested and marketed quickly and later on upgraded to the 5G solution. 

3.2.1.3 Autonomous vehicle  

Few years ago when the autonomous vehicle concept arose among the population, everybody saw it as a 
science fiction concept and never imagined that few years afterwards, technology will advance at such speed 
that autonomous vehicles have exploded into reality. Many start-ups are developing different solutions to 
make real the concept as well as many tests are taking place around the world, with few players placed in an 
advantageous position to provide this service, like for instance Alphabet, Tesla and Uber. 

Whilst much of the work and investment have been focused on passenger cars, everybody ignores the huge 
capability and business opportunity within logistics sector that only in the US, revenues were considered 
around $726m in 2015. Another important side of this business are small and medium companies that are 
operating on tight margins, where productivity will drastically increase. 

A first implementation has already arrived to transportation, defined as a vehicle platooning, meaning that 
some of the vehicle systems are controlled automatically. As an example, the start-up Peloton uses vehicle-to- 
vehicle communication to connect the braking and accelerating system, allowing the driver to focus on the 
wheel and letting the engine and brakes work independently by following the front truck. This solution, not 
only provides human reduction interference, but it also delivers a combined 7% fuel savings. 
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Figure 11 Combined fuel savings, Peloton System 

 

The solution of autonomous vehicle is being positively received by the industry at this moment of time, due to 
a critical shortage of drivers that is facing, and more importantly, the increasing concern of governments and 
population to reduce fuel consumption and CO2 emissions. 

These reasons back up the effort and strong investment that technological companies and investors are putting 
in this technology, that eventually, will provide a potentially 24 hours service, less cost effective, 
environmentally cleaner and more efficient in terms of making better route decisions. 

Although road vehicles are obviously the most followed and well known by the vast majority of people, other 
specific sectors of the logistics chain might experience a big impact with this technology as well. For example, 
freight train operation might have a simpler implementation due to the controlled and limited environment in 
which they operate. Another area that will benefit is the last mile delivery, having Amazon as a future leader of 
this sector with its Unmanned Aerial Vehicles (UAV) delivery system exploited by drones. 

 
Telecommunication challenges/requirements 

The main challenges regarding telecommunications will be as listed below: 

 Wideband Connectivity 

 Ubiquitous Coverage 

 Positioning 

Autonomous driving is one of the main 5G verticals. The number of applications to be supported including 
autonomous driving as well as a number of services will require ubiquitous wideband connectivity. Hybrid 
systems combining satellite with terrestrial connectivity are expected to provide the solution to a number of 
bandwidth hungry applications. Terrestrial connectivity will assure that ultra-reliable low latency applications 
will be supported as well. Enhanced positioning systems will be also required for the autonomous vehicle. 

 
Vehicular communication systems 

Vehicular communication systems are networks in which vehicles and roadside units are the communicating 
nodes, providing each other with information, such as safety warnings and traffic information. They can be 
effective in avoiding accidents and traffic congestion. Both types of nodes are dedicated short-range 
communications (DSRC) devices. DSRC works in 5.9 GHz band with bandwidth of 75 MHz and approximate 
range of 1000 m. Vehicular communications is usually developed as a part of intelligent transportation systems 
(ITS). 

 
V2V communications (Vehicle to Vehicle) 

Vehicle-to-vehicle (V2V) is an automobile technology designed to allow automobiles to "talk" to each other. 
V2V communications form a wireless ad hoc network on the roads. Such networks are also referred to as 
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vehicular ad hoc networks, VANETs. The systems will use a region of the 5.9 GHz band set aside by the United 
States Congress, the unlicensed frequency also used by WiFi. The US V2V standard, commonly known as WAVE 

("Wireless Access for Vehicular Environments"), builds upon the lower-level IEEE 802.11p standard, as early as 
2004. 

 
Radio frequencies 

For Europe Commission Decision 2008/671/EC harmonises the use of the 5 875-5 905 MHz frequency band for 
transport safety ITS applications. In Europe V2V is standardised as ETSI ITS-G5, a standard also based on IEEE 
802.11p. C-ITS, cooperative ITS, is also a term used in EU policy making, closely linked to ITS-G5 and V2V. 

V2V is also known as VANET (vehicular ad hoc network). It is a variation of MANET (Mobile ad hoc network), 
with the emphasis being now the node is the vehicle. In 2001, it was mentioned that ad hoc networks can be 
formed by cars and such networks can help overcome blind spots, avoid accidents, etc. The infrastructure also 
participates in such systems, and then referred to as V2X (vehicle-to-everything). Over the years, there have 
been considerable research and projects in this area, applying VANETs for a variety of applications, ranging 
from safety to navigation and law enforcement. 

In 1999 the US Federal Communications Commission (FCC) allocated 75 MHz in the spectrum of 5.850-5.925 
GHz for intelligent transport systems. 

 
Conflict over spectrum 

As of 2016, V2V is under threat from cable television and other tech firms that want to take away a big chunk 
of the radio spectrum currently reserved for it and use those frequencies for high-speed internet service. V2V's 
current share of spectrum was set aside by the government in 1999. The auto industry is trying to retain all it 
can saying that it desperately needs the spectrum for V2V. The Federal Communications Commission has taken 
the side of the tech companies with the National Traffic Safety Board supporting the position of the auto 
industry. Internet service providers who want the spectrum claim that self-driving cars will make extensive use 
of V2V unnecessary. The auto industry said it is willing to share the spectrum if V2V service is not slowed or 
disrupted; the FCC plans to test several sharing schemes. 

 
Research 

Research in VANETs started as early as 2000, in universities and research labs, having evolved from researchers 
working on wireless ad hoc networks. Many have worked on media access protocols, routing, warning message 
dissemination, and VANET application scenarios. V2V is currently in active development by General Motors, 
which demonstrated the system in 2006 using Cadillac vehicles. Other automakers working on V2V include 
Toyota, BMW, Daimler, Honda, Audi, Volvo and the Car-to-Car communication consortium. 

 
Regulation 

Since then the United States Department of Transportation (USDOT) has been working with a range of 
stakeholders on V2X. In 2012 a pre-deployment project was implemented in Ann Arbor, Michigan. 2800 
vehicles covering cars, motorcycles, buses and HGV of different brands took part using equipment by different 
manufacturers. The US National Highway Traffic Safety Administration (NHTSA) saw this model deployment as 
proof that road safety could be improved and that WAVE standard technology was interoperable. In August 
2014 NHTSA published a report arguing vehicle-to-vehicle technology was technically proven as ready for 
deployment. In April 2014 it was reported that U.S. regulators were close to approving V2V standards for the 
U.S. market. On 20 August 2014 the NHTSA published an Advance Notice of Proposed Rulemaking (ANPRM) in 
the Federal Register, arguing that the safety benefits of V2X communication could only be achieved, if a 
significant part of the vehicles fleet was equipped. Because of the lacking immediate benefit for early adopters, 
the NHTSA proposed a mandatory introduction. On 25 June 2015 the US House of Representatives held a 
hearing on the matter, where again the NHTSA, as well as other stakeholders argued the case for V2X. 

In the EU the ITS Directive 2010/40/EU was adopted in 2010. It aims to assure that ITS applications are 
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interoperable and can operate across national borders, it defines priority areas for secondary legislation, which 
cover V2X and requires technologies to be mature. In 2014 the European Commission's industry stakeholder 

"C-ITS Deployment Platform" started working on a regulatory framework for V2X in the EU. It identified key 
approaches to an EU-wide V2X security Public Key infrastructure (PKI) and data protection, as well as 
facilitating a mitigation standard to prevent radio interference between ITS-G5 based V2X and CEN DSRC-based 
road charging systems. The European Commission recognised ITS-G5 as the initial communication technology 
in its 5G Action Plan and the accompanying explanatory document, to form a communication environment 
consisting of ITS-G5 and cellular communication as envisioned by EU Member States. Various pre-deployment 
projects exist at EU or EU Member State level, such as SCOOP@F, the Testfeld Telematik, the digital test bed 
Autobahn, the Rotterdam-Vienna ITS Corridor, Nordic Way, COMPASS4D or C-ROADS. Further projects are 
under preparation. 

 
V2X (Vehicle to Everything) 

Vehicle-to-everything (V2X) communication is the passing of information from a vehicle to any entity that may 
affect the vehicle, and vice versa. It is a vehicular communication system that incorporates more specific types 
of communication as V2I (Vehicle-to-Infrastructure), V2V (Vehicle-to-vehicle), V2P (Vehicle-to-Pedestrian), V2D 
(Vehicle-to-device) and V2G (Vehicle-to-grid). 

The main push for V2X is safety, with energy savings also being important. However, there are still obstacles 
preventing the roll-out of this technology, mainly legal issues and the fact that, unless almost the totality of the 
existing vehicles adopts it, its effectiveness is rather limited. British weekly "The Economist" even argues 
autonomous driving is more regulatory than technology driven. 

V2X communication is based on WLAN technology and works directly between vehicles or the infrastructure, 
which form a vehicular ad-hoc network, as two V2X senders come within each other’s range. Hence it does not 
require any infrastructure for vehicles to communicate, which is key to assure safety in remote or little 
developed areas. It is particularly well-suited for V2X communication, due to its low latency and the ability to 
communicate instantly. It transmits messages known as Common Awareness Messages (CAM) and 
Decentralised Notification Messages (DENM) or Basic Safety Message (BSM). The data volume of these 
messages is very low. The radio technology is standardised as part of the WLAN IEEE 802.11 family of standards 
and known in the US as WAVE (Wireless Access in Vehicular Environments) and in Europe as ITS-G5. 

 
Standardisation history 

WLAN-based V2X communication is based on a set of standards drafted by the American Society for Testing 
and Materials (ASTM). The ASTM E 2213 series of standards looks at wireless communication for high-speed 
information exchange between vehicles themselves as well as road infrastructure. The first standard of this 
series was published 2002. Here the acronym Wireless Access in Vehicular Environments (WAVE) was first used 
for V2X communication. 

From 2004 onwards the Institute Electrical and Electronics Engineers (IEEE) started to work on wireless access 
for vehicles under the umbrella of their standards family IEEE 802.11 for Wireless Local Area Networks (WLAN). 
Their initial standard for wireless communication for vehicles is known as IEEE 802.11p and is based on the 
work done by the ASTM. Later on in 2012 IEEE 802.11p was incorporated in IEEE 802.11. 

Around 2007 when IEEE 802.11p got stable, IEEE started to develop the 1609.x standards family standardising 
applications and a security framework (IEEE uses the term WAVE), and soon after SAE started to specify 
standards for V2V communication applications. SAE uses the term DSRC for this technology (this is how the 
term was coined in the US). In parallel at ETSI, the technical committee for ITS was founded and started to 
produce standards for protocols and applications (ETSI coined the term ITS-G5). All these standards are based 
on IEEE 802.11p technology. 

Between 2012 and 2013, the Japanese Association of Radio Industries and Businesses (ARIB) specified, also 
based on IEEE 802.11, a V2V and V2I communication system in the 700 MHz frequency band. 

In 2015 ITU published as summary of all V2V and V2I standards that are worldwide in use, comprising the 
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systems specified by ETSI, IEEE, ARIB, and TTA (Republic of Korea, Telecommunication Technology Association). 
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3GPP announced for 2017 a first set of LTE-V physical layer standards for V2I and V2V communication that uses 
a radio technology different from IEEE 802.11 WLAN. 

 
Regulatory history 
 
US 

 
In 1999 the US Federal Communications Commission (FCC) allocated 75 MHz in the spectrum of 5.850-5.925 
GHz for intelligent transport systems. Since then the US Department of Transportation (USDOT) has been 
working with a range of stakeholders on V2X. In 2012 a pre-deployment project was implemented in Ann 
Arbor, Michigan. 2800 vehicles covering cars, motorcycles, buses and HGV of different brands took part using 
equipment by different manufacturers. The US National Highway Traffic Safety Administration (NHTSA) saw  
this model deployment as proof that road safety could be improved and that WAVE standard technology was 
interoperable. In August 2014 NHTSA published a report arguing vehicle-to-vehicle technology was technically 
proven as ready for deployment. On 20 August 2014 the NHTSA published an Advance Notice of Proposed 
Rulemaking (ANPRM) in the Federal Register, arguing that the safety benefits of V2X communication could only 
be achieved, if a significant part of the vehicles fleet was equipped. Because of the lacking immediate benefit 
for early adopters the NHTSA proposed a mandatory introduction. On 25 June 2015 the US House of 
Representatives held a hearing on the matter, where again the NHTSA, as well as other stakeholders argued 
the case for V2X. 

 
Europe 
 

To acquire EU-wide spectrum, radio applications require a harmonised standard, in case of ITS-G5 ETSI EN 302 
571, first published in 2008. A harmonised standard in turn requires an ETSI System Reference Document, here 
ETSI TR 101 788. Commission Decision 2008/671/EC harmonises the use of the 5 875-5 905 MHz frequency 
band for transport safety ITS applications. In 2010 the ITS Directive 2010/40/EU was adopted. It aims to assure 
that ITS applications are interoperable and can operate across national borders, it defines priority areas for 
secondary legislation, which cover V2X and requires technologies to be mature. In 2014 the European 
Commission’s industry stakeholder “C-ITS Deployment Platform” started working on a regulatory framework 
for V2X in the EU. It identified key approaches to an EU-wide V2X security Public Key infrastructure (PKI) and 
data protection, as well as facilitating a mitigation standard to prevent radio interference between ITS-G5  
based V2X and road charging systems. The European Commission recognised ITS-G5 as the initial 
communication technology in its 5G Action Plan and the accompanying explanatory document, to form a 
communication environment consisting of ITS-G5 and cellular communication as envisioned by EU Member 
States. Various pre-deployment projects exist at EU or EU Member State level, such as SCOOP@F, the Testfeld 
Telematik, the digital test bed Autobahn, the Rotterdam-Vienna ITS Corridor, Nordic Way, COMPASS4D or C- 
ROADS. 

3.2.1.4 Drone delivery  

The drone delivery concept has recently been introduced as another example of how cutting-edge technology 
could improve the logistics sector. Similar to autonomous vehicles, the technology is still to be further 
developed and tested before becoming an alternative, but many start-ups around the world are extremely 
keen to position themselves before the race starts. Currently, there is no doubt that giant like Amazon and 
eBay are ahead of everybody with their solutions, Amazon Prime Air and eBay Now! 

The possibility of reducing the delivery time to values under a half an hour, improving the delivery cost and 
efficiency of the last mile delivery, makes of this solution very competitive and attractive to many different 
enterprises in various sectors like food deliveries, medications, contact lenses, books, et al. 
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Therefore, there are some clear advantages and challenges that drones must address in the upcoming years 
and some of them are the followings: 

 Better customer satisfaction: Drones would take service to an all new high level with faster and hassle- 
free deliveries. Customers will have their products delivered at their doorstep faster which will help 
improve customer experience. 

 Modified supply chain: With drones doing deliveries, systems will require a complete overhaul of 
supply chain processes. Drones will replace carriers in most cases and thus new systems will be 
required to match products with drones, loading products on to the drones before taking off to 
different customer destinations. Manpower will be needed to be trained to operate these drones as 
per the aviation guidelines and service levels of the company. 

 Customer delivery challenges: Whilst the products’ deliveries will be faster, drones will have 
limitations when it comes to complicated addresses as they cannot enter into corridors or narrow lanes 
as they are configured to follow pre-defined or pre-configured paths. Therefore, there is a fundamental 
question that lays into customer willingness to adequate their behaviours to match with the 
technology limitations, in this specific case, stepping outside of their offices and/or houses to collect 
their parcel. 

 Drone monopoly of giant companies: Drones are and will be expensive. With the high costs, will only 
companies like Amazon and eBay buy drones, while the smaller and mid-sized retailer get priced out of 
the market due to the high cost involved and thus will not be able to compete on the service levels 
offered by drone led deliveries. Therefore, there might be an issue where only few companies will have 
access to drone delivery, making online shopping even more lucrative compared to offline shopping 
with the convenience of drone-based deliveries. 

 Regulations and public acceptance: There are multiple issues and questions which need to be 
resolved. The regulations on flying and air traffic management need to be hammered out including the 
security related issues which are attached to the subject. On the other hand, and not less importantly, 
it is not clear to predict how people will react to seeing thousands of flying drones all over the sky, will 
definitely be a strange sight to get used to. 

 
Telecommunication challenges/requirements 

Drone delivery has a number of common characteristics with autonomous driving. The list would be the same 
as in the autonomous driving: 

 Ubiquitous coverage 

 Wideband channel communications 

 Positioning 

It is obvious from this list that telecommunications challenges between the two last use cases are similar and 
the systems to be used to address them would be similar. 

3.2.1.5 Broadband connectivity for trains  

The main purpose of this use case is to present different technologies to be incorporated in a single 
telecommunication solution to sustain train transport. This special development focuses on the provision of 
digital, high-speed mobility communication technologies which apply specifically for the rail in logistics. 

Train transport is forecast to increase significantly within Europe and this requires many technological 
advances to be developed in order to cover people and system increased needs for mobility broadband. 

As of today, broadband internet connectivity in the rail sector is poor and is relying mostly on mobile operators 
or on on-board Wi-Fi coverage points which in most cases is not sufficient. Conversely, the development of the 
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5G technology, gives hope and the opportunity to provide optimized and seamless ultra-reliable and low 
latency solutions for train to train and for train to infrastructure communication. 

The ultimate goal of the specific case is to deploy and use the ultra-high-speed broadband service using state of 
the art communication technologies to build the foundation over which the logistics vertical sector would 
thrive and function with accuracy and efficiency. This service would assist mostly on practicing the entire range 
of the logistics procedures like data gathering, information sharing, goods tracking, secure transactions, real 
time monitoring, communications and in any type of data processing and management needed. 

For the control and management purposes there is a continuous need for data communications and signaling 
connectivity with the trackside. Finally, the trackside is the physical roadside infrastructure that hosts the 
telecoms equipment for the high-speed internet connectivity provision to the train. 

The use of various wireless and mobile communication technologies like the 5G, would further assist to achieve 
continuous real time monitoring and supervision through sensors on train and on the trackside. 

Certain technologies have been investigated and can provide viable solutions towards the technical constraints 
of the specific use case, and these are the millimeter-wave antenna system technology with switched beams as 
the train passes from the trackside with high data bit/ rates starting from 10 Gb/s up to 40 Gb/s, depending on 
the configuration details. Next, we have the optical fiber links technology which can be used for backup 
purposes or in cases where there is no presence of mm-wave technology and finally the Ethernet technology. 
In cases where the train is stationary, higher bit rates could be achieved due to the visibility feature and due to 
the fact that the link could be managed as a single point to point link. 

Furthermore, the use of the satellite communication technologies in combination with the advanced mobile 5G 
network capabilities can assist in obtaining many important benefits like real time data collection and analytics, 
rapid data response times from the train to the trackside (and vice versa) and the implementation of precise 
security policies. These features are so important that can support the ‘intelligence close to the edge’ 
philosophy, meaning that specific important data can be obtained with very precise and rapid procedures and 
then to be transmitted to the network’s edges. (Train to trackside or vice versa). Next, with the assistance of  
the satellite communication features like the multicasting to various trackside nodes, these links can be used to 
simultaneously control and update the network configuration and security data without using any additional 
resources from the existing network, and mostly without waiting for any changes to propagate through 
internet. 

The heterogeneous sensors are used to sense and to measure the cargo conditions like quantity, location, 
temperature, humidity, weight, goods type, etc. These values are considered important for the precise and 
efficient monitoring and management of the goods. In addition to the above, sensors are important for the 
entire vitality and total control of the logistics sector. Finally, the intelligent pro-active real time traffic 
management system can substantially provide optimal utilization in all the forms of the transportation cutting 
significantly the costs and reducing the inefficiencies. 

Finally, we can categorize three main sections of the telecoms architecture sub-part to fully cover the train 
broadband use case: 

1) Satellite network part 
2) Road trackside network part 
3) Train on-board network part 

 
Telecommunication challenges/requirements 

 Rapid movement past fixed infrastructure 

 Difficulty to obtain stable and high quality connectivity in tunnels or in remote areas 

 Difficulty to obtain connectivity in such high speeds (500Kms) 

 Difficulty to achieve high bit data rate connectivity without latency 
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 Speed, latency, redundancy, and high data volumes grow drastically 

 Difficulty and complexity to synchronize with the aggregation points and in the entire architecture in 
such high speeds 

3.2.2 Maritime 

Traditionally, once ships had left port they were isolated from communications with shore and very limited or 
not available communication with nearby ships. This was only true until the introduction of radio on ships at 
the beginning of the 20th century. Since then, both the capacity and coverage of ship to shore communication 
as well as ship to ship communications have been gradually evolving.  

 

More than that, the needs for handling communications between ship and shore or between ship and ship has 
increased more than ever. This means that we are experiencing a significant change for communication 
features in maritime sector, and that the digital signals should be transferred from ship to shore, and shore to 
ship as well, at significant rates, independent of the ship’s location. In these two directions, most of the data is 
from ship to shore, where it contains various sources of data from ship transportation management, ship 
navigation and passenger communications for entertainment. 

This trend, of increasing demand for communicable possibilities and facilities of ship-ship and ship-shore, also 
well aligned with general development in most industries including logistics. The most recent industry fourth 
generation (Industry 4.0) has clearly indicated the role of sharing information and using communication 
intensively between any entities and objects. This conceptual working frame has been emphasized in shipping 
4.0 (Ref.) that SINTEF Ocean has recently introduced. 
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Figure 12 Concept of Shipping 4.0 generation 

 

 
Basically, Shipping 4.0 and Industry 4.0 have many similarities as shown in Figure 12 -Figure 13, but it also has 
some differences as described in Figure 14. 

3.2.2.1 Ship2Shore  

Safety has been a major objective of ship communication systems since the loss of Titanic and the first SOLAS 

 

Figure 13 Differences between Shipping 4.0 and Industry 4.0 [Source: SINTEF internal document] 
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convention in 1914. More recently, ships are becoming more and more dependent on digital communication to 
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operate efficiently. Another important element is crew welfare. All in all, technical and administrative 
operations are becoming more reliant on continuous digital communication with shore parties.  

Typically, there are a number of ways of meeting a data communications link between ship and shore, which 
utilizing terrestrial and satellite systems as shown in Figure 14 below.  

Another example of showing connectivity between ship and shore is the Maritime Cloud conceptual system. 
The Danish Maritime Authority (DMA) recently proposed the Maritime Cloud as a digital IT-framework of 
standards, infrastructure, and governance to facilitate secure interoperable information exchange between 
stakeholders in the maritime community. The Maritime Cloud consists of components such as the “Maritime 
Service Portfolio Registry” that holds information about service capabilities and associated providers and 
subscriptions, and the “Maritime Identity Registry” that holds maritime identities and provides basic methods 
for authentication, integrity, and confidentiality. A Maritime Messaging Service has also been defined to 
provide seamless and communication carrier agnostic messaging capability between ships, and between ships 
and shore. 

The Maritime Cloud has received considerable attention and support in e-Navigation forums, and may play an 
important role for future connectivity applications. 

In order to establish this new maritime working protocol, digital communications have been an indispensable 
part used to connect the systems. These systems are located both on board the vessels and onshore or at a 
third party. In order to realize the need as well as the possibilities and evaluations of communicable systems 

Figure 14 An example of communications possibilities between ship and shore  
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for this sector, following scenarios focused on ship-ship and ship-shore are representative for maritime 
industry. 

 

At any working structure in maritime shipping, data communications for ship-shore and ship-ship are always 
the central and with the highest demand. 

3.2.2.2 Ship2Ship  

In maritime shipping industry, the major data communications scenario is between ship and shore. Ship to ship 
however still plays important role in distress situation and navigation purpose. 

These communications systems to be described in the next sections involve both ship to shore and ship to ship 
communications. They are maritime distress communications, maritime navigation (e.g. recent E-Navigation 
conceptual systems), AIS (Automatic Identification System). 

 
3.2.2.2.1 Maritime Distress Communications  

Marine distress communication between ships or with the shore was carried with the help of on board systems 
through shore stations and even satellites. While ship-to-ship communication was brought about by VHF radio, 
Digital Selective Calling (DSC) came up with digitally remote control commands to transmit or receive distress 
alert, urgent or safety calls, or routine priority messages. DSC controllers can now be integrated with the VHF 
radio as per SOLAS (Safety Of Life at Sea) convention. 

Satellite services, as opposed to terrestrial communication systems, need the help of geo-stationary satellites 
for transmitting and receiving signals, where the range of shore stations cannot reach. 

While INMARSAT gives the scope of two-way communications, the Corpas Sarsat has a system that is limited to 
reception of signals from emergency position and places with no facilities of two way marine communications, 
Emergency Position-Indicating Radio Beacon Station (EPIRB). 

For international operational requirements, the Global Maritime Distress Safety System (GMDSS) has divided 
the world in four sub areas. These are four geographical divisions named as A1, A2, A3 and A4. 

Figure 15 Maritime Cloud Infrastructure  
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All oceans are covered by HF marine communication services for which the IMO requires to have two coast 
stations per ocean region. Today almost all ships are fitted with satellite terminal for Ship Security Alerts 
System (SSAS) and for long-range identification and tracking as per SOLAS requirements. 

 
3.2.2.2.2 Maritime Navigation  

With modern day facilities and automation, a ship today has several advanced navigation equipment systems, 
which give accurate data for the voyage. 

 
3.2.2.2.3 E-navigation  
 

What is E-navigation concept? 

 “E-navigation is the harmonized collection, integration, exchange, presentation and analysis of marine 
information on board and ashore by electronic means to enhance berth to berth navigation and related 
services for safety and security at sea and protection of the marine environment”. 

 “E-navigation is intended to meet present and future users' needs through harmonization of marine 
navigation systems and supporting shore services”. 

 
Why e-navigation? 

 Many complicated systems on board and ashore need a coordinated and harmonized development. 

 Increasing demands for safer maritime traffic and better security measures, including official 
requirement for civil traffic monitoring and communication, and exchange of information ship-shore 
and shore-ship. 

 Increasing demands for better coordination and effective actions related to search and rescue services, 
oil protection etc. 

 Coordination and presentation of information: 
o User-friendly data solutions on board and ashore to enhance safe navigation, to reduce the risk 

for users’ misunderstandings and confusion. 
o Simplify the user's workload. 

 Improve the Human Machine Interface to reduce accidents and human failure. 

 Increased demands for training and users competence on board and ashore. 

The focus is to get the ship quickly, efficiently and safely from berth to berth. 

User needs examples on board 

 Standardized and automated reporting. 

 Reduction of administrative burden and increase use of electronic documentation. 

 User-selectable presentation of information received via communication equipment. 

 Effective and robust communications. 

Two of the four mentioned user needs on board were relevant to a seamless, switchable, effective and robust 
communications system for shipping. These needs are well relevant with the hybrid communication prototype 
to be developed in this study. 
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User Needs examples on shore (VTS, SAR, port, etc.) 

 Seamless collection and sharing of information 

 Improved facilities for analyses related to traffic monitoring 

 Improved information service to vessels 

 Better quality of communication ship/shore, shore/ship and ship/ship 

 Single Window 
 

3.2.2.2.4 Automatic Identification system  

AIS is a messaging system, which helps to pinpoint the location and other navigational statistics of ships. AIS 
uses VHF radio channels as transmitters and receivers to send and receive messages between ships and ship- 
shore, which endeavors to fulfil many responsibilities. Automatic Identification System (AIS) therefore enables 
an automated tracking system that displays other vessels in the vicinity. It is a broadcast transponder system, 
which operates, in the VHF mobile maritime band. A ship also displays on the screen the other vessels in the 
vicinity, provided it is fitted with AIS. If AIS is not fitted or not switched on, there is no exchange of information 
on ships via AIS. The AIS on board must be switched on at all times unless the Master deems that it must be 
turned off for security reasons or anything else. The working mode of AIS is continuous and autonomous. 

The IMO Convention for the Safety Of Life At Sea (SOLAS) Regulation V/19.2.4 requires all vessels of 300 GT and 
above engaged on international voyages and all passenger ships irrespective of size to carry AIS on-board. 

Systems based on AIS technologies are becoming increasingly important in ensuring safety at sea in the coastal 
areas and in preventing ship collisions by providing an infrastructure to support communication between 
ocean-going vessels, port vessels, Vessel Traffic Management and Information System, and various clients such 
as: 

 Port Authorities 

 Maritime Administration 

Figure 16 The Complete Overarching e-Navigation Architecture 
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 Coast Guard 

 Marine Exchanges 

 Ship Agents 

AIS transponders work in conjunction with GNSS2, and make use of two international VHF frequencies for this 
purpose (see Figure 18). 

 

 
2 Global Navigation Satellite System (GNSS) is the standard generic term for satellite navigation systems that provide 
autonomous geo-spatial positioning with global coverage. 
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Figure 17 Illustration of the AIS concept (Ship-Ship and Ship-Shore) 

 

 

The AIS VHF signal should have the characteristics given in: 
 

Table 13 Characteristics of AIS signals 

Transmitter frequency 161.975MHz (channel 87B) 

162.025MHz (channel 88B) 

Channel spacing 25kHZ or 15kHz 

Modulation scheme GMSK/FM 

Coding scheme NRZI (non-return to zero inverted) 

Modulation index 0.5 max for 25kHz channel spacing 

0.25 max for 12.5kHz channel spacing 

Transmission rate 9600 bps ± 50 ppm 

Transmitter power 25 watts maximum 

3.2.2.2.4.1 Type of AIS system  

 Class A: Mandated for all vessels 300 GT and above engaged on international voyages as well as all 
passenger ships 

 Class B: Provides limited functionality and intended for non-SOLAS vessels. Primarily used for vessels 
such as pleasure crafts 
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AIS operates principally on two dedicated frequencies or VHF channels: 

 AIS 1: Works on 161.975 MHz- Channel 87B (Simplex, for ship to ship) 

 AIS 2: 162.025 MHz- Channel 88B (Duplex for ship to shore) 

It uses Self Organizing Time Division Multiple Access (STDMA) technology to meet the high broadcast rate. This 
frequency has a limitation of line of sight, which is about 40 miles or so. 

3.2.2.2.4.2 Data Transmitted  

a. Static Information (Every 6 minutes and on request) 

 MMSI number 

 IMO number 

 Name and Call Sign 

 Length and Beam 

 Type of ship 

 Location of position fixing antenna 
b. Dynamic Information (Depends on speed and course alteration) 

 Ship’s position with accuracy indication 

 Position time stamp (in UTC) 

 Course Over Ground (COG) 
c. Voyage Related Information (Every 6 minutes, when data is amended, or on request) 

 Ship’s draught 

 Type of cargo 

 Destination and ETA 

 Route plan (Waypoints) 

d. Short safety related messages 

 Free format text message addressed to one or many destinations or to all stations in the area. This 
content could be such as buoy missing, ice berg sighting, etc. 

3.2.2.2.4.3 AIS as a surveillance tool  

In coastal waters, shore side authorities may establish automated AIS stations to monitor the movement of 
vessels through the area. Coast stations can also use the AIS channels for shore to ship transmissions, to send 
information on tides, NTMs and located weather conditions. Coastal stations may use the AIS to monitor the 
movement of hazardous cargoes and control commercial fishing operations in their waters. AIS may also be 
used for SAR operations enabling SAR authorities to use AIS information to assess the availability of other 
vessels in the vicinity of the incident. With the possibility of using ASM (Application Specific Message) in 
existing AIS network, additional information for example from logistic transportation network could also be 
visualized on top of the vessels. This idea (al., 2017) can be further developed in a visual tool that is definitely 
useful in logistic platform, e.g. for SELIS platform. 

3.2.2.3 Autonomous Maritime Vessels  

 
3.2.2.3.1 Main communication requirements (MUNIN Project, 2016)  

There is a large number of communication services available for manned and unmanned ships, but not all are 
relevant for use. Some, such as AIS and NAVTEX, have a special purpose that is the same for an autonomous 
ship as a normal manned vessel and are not included in the discussions here. Others are related to crew use 
and infotainment and are omitted also. The services that have been identified as critical are listed in Table 15. 
The third column lists the estimated bandwidth requirements, based partly on rough estimates for different 
communication system availability. The estimates are based on the following assumptions: 
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 Main remote control and monitoring: All communication streams in Table 16 with some additional 
spare for more extended telemetry. 

 Backup remote control and monitoring: All communication streams in Table 16, except video, with 
some additional spare for video stills. 

 Rendezvous control: Only the rendezvous stream listed in Table 16. 
 

Table 14 Main communication requirements for unmanned ship 

Service Purpose Bandwidth 

Main remote control and 
monitoring 

Normal operation and monitoring of vessel. > 4 Mbps 

Backup remote control and 
monitoring 

Medium capacity link for backup when main link fails. 128 kbps 

Rendezvous control Low capacity link for remote control of ship when within 
eyesight and for use during entry to the ship by rescue 
team. 

2 kbps 

These requirements are related to full remote control of ship, e.g., when operator has full control of the ship. 
During monitoring and autonomous control operations, the requirements are significantly lower. However, 
these requirements also reflect the availability limits for when the operator in the SCC and the ASC needs to be 
notified that full communication functionality is no longer available. 

Within each of these categories, different data streams have different importance. Table 16 lists some of these 
streams and indicates their importance. The classification shown here is tentative and may be changed over 
the project’s lifetime. Classification is also relative so “low” does not mean one can generally do without that 
particular data channel. The intention is mainly to show what types of traffic need to be supported and that 
each type has different properties with respect to what services it requires. 

 

Table 15 Importance of communication streams 

Type Bandwidth Delay Direction Integrity Criticality 

Rendezvous 2 kbps 100 ms Ship<->ship High High 

Remote control 2 kbps 2 sec Ship<->shore High Medium 

Telemetry 32 kbps 2 sec Ship<->shore Medium Medium 

Radar and targets 75 kbps 2 sec Ship<->shore Medium Medium 

Video > 3 mbps 5 sec Ship<->shore Medium Low 

The bandwidth column indicates required bandwidths for the different streams and the delay column specifies 
the maximum acceptable delay perceived by the user. This depends on the latency, but not only. As mentioned 
in reference (R., 2010), expected delays in TCP/IP transmissions when bad buffer sizes are used may add 
several seconds to the delay. Also, the bandwidth and packet loss rate will add up to perceived delays. 

For VSAT type communication, latencies will be minimum 280 ms due to the physical distance to the satellite in 
geosynchronous orbit. Normally, one will experience latencies around 0.5 seconds. For Iridium, one report 
indicates that the latency is on the order of 600 ms for a one way transmission. 
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The streams listed are: 

 Rendezvous: This is a communication channel used to control the ship by a boarding team to facilitate 
entry to the ship. This may be after loss of communication or during normal boarding and 
disembarkation procedures. This needs to have high integrity, i.e., protection against false control 
signals and listening in to the exchange of data as well as high criticality, i.e., protection against link or 
message loss. 

 Remote control: This is communication between ship and shore for control of ship, including command 
acknowledgements from ship. Integrity must be high, but criticality is lower than previous point as the 
ship has the possibility to go to autonomous modes if communication is lost. 

 Telemetry: These are electronic status updates from ship except radar and video images. Here, both 
integrity and criticality are medium. Integrity is lower than previous as it is assumed that hostile 
intervention in transmission will be less critical here than for remote control. 

 Radar and targets: These are very similar to telemetry, but requiring higher bandwidth. Calculation 
here is one image of 1024*1240 pixels transferred each 30 second with compression down to 2 bits per 
pixel. This may also include still pictures from video systems. Criticality is set to medium. 

 Video: These are transfers of live video from ship. This includes external as well as internal views. This 
may require high bandwidth. It is assumed that basic control of the ship normally can be done without 
video, so the criticality is set to low. ITU-T Recommendation G.1010 (ITU-T, 2001) list about 400 kbps as 
needed for video conferencing and similar applications. A typical bandwidth requirement for high 
definition video (films etc.) is between 2 and 4 mbps according to various Internet resources. Thus, 4 
mbps is selected to allow a mix of at least one high quality channel and one or more lower quality 
channels. 
 

3.2.2.3.2 Shore based (LOS) or space based communication systems  

Communication from ship to ship or ship to shore is either with line of sight (LOS) type communication or 
communications via a “relay station” which usually is a space satellite. In LOS category, a data communication 
system via VHF band as AIS/ASM messaging system is also included and this has already been already analysed 
in detail in the earlier chapters. 

The hybrid terrestrial-satellite communication element to be developed in SELIS will aim to have a seamless 
switch between two communications categories, aims to minimize the delay and maximize the availability as 
well as QoS. 

 

Table 16 Communication systems use 

System Type Usage area Protocols and capacity 

Ship to ship LOS Ship rendezvous AIS, Digital VHF (DSC). Special 
protocols: 2 kbps 

Ship to shore LOS Logistic monitoring (another Using existing standard AIS/ASM 
  channel of safety, urgent protocol/messaging system. Data 
  report) bandwidth is low, few kbps. 

Ship to shore LOS Ship control and monitoring 3G-4G, WiFi or WiMax. TCP/IP and 
  during coastal approach. UDP: > 4 Mbps 

Main ship to shore via 
satellite 

Sat Ship control and monitoring at 
high seas 

VSAT systems, such as Inmarsat or 
commercial suppliers. TCP/IP and UDP: 
> 4 Mbps 
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Backup ship to shore 
via satellite 

Sat Backup ship control 
monitoring at high seas 

and Iridium 
kbps 

typically. TCP/IP and UDP: 128 

3.2.3 Cargo tracking 

Cargo tracking and monitoring in maritime transport requires the possibility to have some kind of connectivity 
of the ship also in remote areas. It requires that the connectivity is not only dependent on satellite 
communication, but also that simpler communication modes with smaller bandwidth can be used, for instance 
using the ASM channel provided with the AIS satellites. The issue of having constant connection for ships when 
operating in remote areas is relevant for several use cases: 

 Transport re-planning based on monitoring of the shipment: Knowing the position of the cargo 
during the whole transport, also during the maritime transport leg, will ensure the possibility to 
achieve real-time and short term transport re-planning. 

 Cargo re-routing based on monitoring of the cargo condition: By continuously knowing the status 
of the cargo, the responsible party will be able to take actions before the cargo is damaged, either 
by intervening on the cargo or re-route the cargo because it is perishing more quickly than 
foreseen. 

In addition to this, we have the case when monitoring the ship's position, where constant connectivity is 
important to contribute to more effective and correct transport resource management. 

Shipment re-planning and re-routing of cargo is related to EGLS 3 on "visibility and corrective and preventive 
actions" and also to EGLS 6 "Supply chain optimization". 
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4 Users 

The goal of this section consists of defining the user needs and system requirements based on the user 
scenarios specified on the previous section 3 and the user requirements provided by the LLs. The outcome will 
be used as a foundation for the following technical sections, where a telecommunications system architecture 
solution should be proposed to cover these needs. 

 
 

 

4.1 User requirements 
4.1.1 Requirements for defined scenarios 

4.1.1.1 Methodology  

In this section, we have considered the SELIS requirements definition architecture and its component elements 
from which the general and technical end to end requirements are derived by considering the project 
objectives and the requirements of current state-of-the-art mobile networks. Firstly, general aspects and 
considerations are examined. From this, it can be clear what current key parameters of the system will be 
included in order to make clear the basis on which SELIS is going to be built upon. The above aspects can be 
used so that there can be a smooth follow up of the parameters and techniques that SELIS needs to improve. 
Operational and functional requirements for both terrestrial and maritime communications are examined 
within the SELIS context. 

The template of the table used to describe and provide a weight for each requirement is provided in the 
following Table 18. 

 

Table 17 Template used for requirements definition 

ID Description 

Rx.y 
 

Coordinates 

Weight: 

Category: 

Applicable To: 

The ID Section: R refers to requirement and x.y refer to x=1, 2, 3 depending on the chapter and y=1, 2, ..., n is 
an index increase. 

Figure 18 SELIS Telecommunications Architecture (TA) / Prototype (TP) 
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The definition of how strong the requirements may be requested follows the wording of IETF RFC 2119: 

 MUST: this word in the deliverable and it means that the definition is an absolute requirement of the 
specification. 

 MUST NOT: this word means that the definition is not an absolute requirement of the specification. 

 SHOULD: this word means that it is a rather preferable that the requirement is implemented. 

 SHOULD NOT: this word is the negative result of bullet 3 (SHOULD). 

 MAY: this word gives the option to the implementer of the requirement either to obey or nor obey the 
requirement. 

4.1.1.2 Terrestrial  

Based on the methodology provided in the previous section, the requirements for the terrestrial segment of 
SELIS can be found below: 

 
4.1.1.2.1 General requirements to be supported from all the use scenarios  
 

Table 18 Requirement R1.1 

ID Description 

R1.1 The SELIS TA (Telecommunications Architecture) shall be valid for all use 
scenarios 

Coordinates 

Weight: Must 

Category: General 

Applicable To: Architecture 

 

 
Table 19 Requirement R1.2 

ID Description 

R1.2 The SELIS TA shall have an ubiquitous coverage in a global scale (as close as 
possible to 100% coverage) 

Coordinates 

Weight: Must 

Category: General 

Applicable To: Architecture 

 

 
Table 20 Requirement R1.3 

ID Description 

R1.3 The SELIS TA shall allow real time communication across the whole supply 
chain 

Coordinates 
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Table 21 Requirement R1.4 

ID Description 

R1.4 The SELIS TA shall be capable of providing an end to end communication 
across end users 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 22 Requirement R1.5 

ID Description 

R1.5 The SELIS TA shall be scalable 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 
 

Table 23 Requirement R1.6 

ID Description 

R1.6 The SELIS TA shall support the next generation of the Internet protocol 
(IPv6) 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 24 Requirement R1.7 

ID Description 

Weight: Must 

Category: General 

Applicable To: Architecture 
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R1.7 The SELIS TA shall support a heterogeneous set of physical interfaces to 
implement a hybrid scheme of terrestrial and satellite technology 

Coordinates 

Weight: Must 

Category: Interfaces 

Applicable To: Architecture 

 
 

Table 25 Requirement R1.8 

ID Description 

R1.8 The SELIS TA shall 
technologies used 

support interoperability among the different 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 
Table 26 Requirement R1.9 

ID Description 

R1.9 The SELIS TA shall enable advanced security mechanisms through the 
entire architecture 

Coordinates 

Weight: Must 

Category: Security 

Applicable To: Architecture 

 

 
Table 27 Requirement R1.10 

ID Description 

R1.10 The SELIS TA shall eliminate single points of failure and tolerate 
connectivity disruptions – enable switching between the available 
technologies 

Coordinates 

Weight: Must 

Category: Reliability 

Applicable To: Architecture 
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Table 28 Requirement R1.11 

ID Description 

R1.11 The SELIS TA shall ensure high percentage of availability of the logistics 
information (>99%) 

Coordinates 

Weight: Must 

Category: Reliability 

Applicable To: Architecture 

 

 
Table 29 Requirement R1.12 

ID Description 

R1.12 The SELIS TA shall be compliance with the 5G framework 

Coordinates 

Weight: Must 

Category: Standard Compliance 

Applicable To: Architecture 

 

 
Table 30 Requirement R1.13 

ID Description 

R1.13 The SELIS TA shall be developed complying with the international 
standards, codes and protocols 

Coordinates 

Weight: Must 

Category: Standards Compliance 

Applicable To: Architecture 

 

 

4.1.1.2.2 Capacity utilization / optimization requirements  
 

Table 31 Requirement R2.1 

ID Description 

R2.1 The SELIS TA shall employ state – of – the – art IoT solutions 

Coordinates 
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Table 32 Requirement R2.2 

ID Description 

R2.2 The SELIS TA shall support low data rate communications 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 
4.1.1.2.3 Goods monitoring and tracking requirements  
 

Table 33 Requirement R3.1 

ID Description 

R3.1 The SELIS TA shall be able to perform Carrier Aggregation on the mobile 
entity 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 34 Requirement R3.2 

ID Description 

R3.2 The SELIS TA shall support low range broadband communication 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 

4.1.1.2.4 Autonomous vehicle requirements  

Weight: Must 

Category: Functional 

Applicable To: Architecture 



© SELIS, 2016 Page | 73 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

 
 

Table 35 Requirement R4.1 

ID Description 

R4.1 The SELIS TA shall support positioning of the vehicles 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 36  Requirement R4.2 

ID Description 

R4.2 The SELIS TA shall ensure ultra – reliable communication 

Coordinates 

Weight: Must 

Category: Reliability 

Applicable To: Architecture 

 

 
Table 37  Requirement R4.3 

ID Description 

R4.3 The SELIS TA shall enable rapid response time between the vehicles and 
the other entities 

Coordinates 

Weight: Must 

Category: Performance 

Applicable To: Architecture 

 

 
4.1.1.2.5 Broadband connectivity for train requirements  
 

Table 38  Requirement R5.1 

ID Description 

R5.1 The SELIS TA shall enable high bandwidth access 

Coordinates 

Weight: Must 
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Table 39  Requirement R5.2 

ID Description 

R5.2 The SELIS TA shall support low latency 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 
Table 40  Requirement R5.3 

ID Description 

R5.3 The SELIS TA shall provide a continuous ultra – high bit-rate connection 
between a high – speed moving train and trackside. 

Coordinates 

Weight: Must 

Category: Performance 

Applicable To: Architecture 

 

 
4.1.1.2.6 Other requirements  
 

Table 41  Requirement R6.1 

ID Description 

R6.1 The SELIS TA shall support the integration of satellite communications into 
the 5G infrastructure 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 42  Requirement R6.2 

ID Description 

Category: Operational 

Applicable To: Architecture 
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R6.2 The SELIS TA shall be able to function in maximum efficiency to low traffic 
for low user density areas as well as to high traffic for high user density 
areas 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 
 

Table 43  Requirement R6.3 

ID Description 

R6.3 The SELIS TA shall support ultrahigh speed and multi Gb/s data connectivity 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 44 Requirement R6.4 

ID Description 

R6.4 The SELIS TA shall enable M2M and IoT technologies within its network 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 

 

 
Table 45  Requirement R6.5 

ID Description 

R6.5 The SELIS TA shall support multilayer deployment 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Architecture 
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Table 46  Requirement R6.6 

ID Description 

R6.6 The SELIS TA shall support the co-existence of multiple core technologies, 
like mm-wave, optical fibre, Ethernet, satellite communication, mobile 
communications (4G,5G) and cloudlet technologies 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 
Table 47  Requirement R6.7 

ID Description 

R6.7 The SELIS TA shall perform complex algorithms to avoid traffic congestion 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 
Table 48  Requirement R6.8 

ID Description 

R6.8 The SELIS TA shall enable the use of quality assurance for the entire range 
of services 

Coordinates 

Weight: Must 

Category: Operational 

Applicable To: Architecture 

 

 
Table 49  Requirement R6.9 

ID Description 

R6.9 The SELIS TA shall adopt SDN/NFV enabled environment 

Coordinates 

Weight: Must 
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Table 50  Requirement R6.10 

ID Description 

R6.10 The SELIS TA shall have a TBC MTBF (mean time between failures) 

Coordinates 

Weight: Must 

Category: Reliability 

Applicable To: Architecture 

 

 
Table 51  Requirement R6.11 

ID Description 

R6.11 The SELIS TA shall enable maintainability actions such as corrective 
(correcting faults), perfective (enhancements in terms of effort and time), 
adaptive (adapting changes according to the environment) and preventive 
(actions to be taken to reduce future maintenance costs) or any other 
actions specified 

Coordinates 

Weight: Must 

Category: Maintainability 

Applicable To: Architecture 

 

 

4.1.1.3 Maritime  

 
4.1.1.3.1 General requirements in all of the scenarios  

4.1.1.3.1.1 An interface for end-users on prototype with channel characterizations  

 
Table 52 Requirement RM1.1-G 

ID Description 

RM1.1-G3 The SELIS TA (Telecommunications Architecture) shall contain a user 
interface that enables to specify the actual communication requirements 
for a specific logistics service or application. 

The criteria for selecting the carrier includes: 

 
3 General requirement for maritime vessel 

Category: Security 

Applicable To: Architecture 



© SELIS, 2016 Page | 78 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

 
 o Direction (downlink/uplink) 

o Communication type (terrestrial radio/satellite/hybrid) 
o Availability/coverage (percentage or time to exist) 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Prototype 

 
 

4.1.1.3.1.2 An interface for end-users on prototype with data requirements for services/applications  

 
Table 53 Requirement RM1.2-G 

ID Description 

RM1.2-G In this interface, to be able to select which communication bearer to use, 
the properties of the data to be transmitted must be categorized according 
to several selection criteria. Data Properties include: 

o Data size of the message 
o Criticality 
o Regulation (optional) 
o Frequency of the messages (or total data size) 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Prototype 

 

 

4.1.1.3.1.3 Possibility to update and predict channels availability  

 
Table 54 Requirement RM1.3-G 

ID Description 

RM1.3-G The SELIS TA (Telecommunications Architecture) shall manage and update 
an overview of the characteristics of each of the available communication 
channels to be able to select the best one in each case. This function can 
include both now and future prediction status of the channels. 

What to update/predict for each channel: 

 Channel reliability (ACK/NACK) 

 Channel capacity/bandwidth/bit rate 

 Channel latency (delay, round trip time delay) 

 Availability (based on the position of the ship or vehicle) 

 Communication direction: E.g. Uplink/Downlink, In/Out 

 Data transmission security (if special) 
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 Cost (optional) 
 Data integrity (optional) 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Prototype 

 
 

4.1.1.3.1.4 A possibility to optimize the selection for communication carriers (now and future)  

 
Table 55 Requirement RM1.4-G 

ID Description 

RM.1.4-G The SELIS TA (Telecommunications Architecture) shall contain software 
tools to match the requirements from the logistical service or 
applications with the actual existing communication carriers at that 
moment/period. The SW tool shall select which communication carrier 
to use according to predefined selection logic and selection criteria. 
Some of these criteria may be related to channel capabilities such as: 
availability, bandwidth, reliability, latency and cost. Others will be 
related to characteristics of the data to be transferred such as: data size 
and frequency, criticality or priority. For example, a short, urgent data 
message will be sent immediately on any communication carrier 
available, whereas a non-urgent, voluminous transfer of raw data may 
be deferred until a cheap broadband alternative is available, e.g. 4G or 
Wi-Fi in port or when is close to coastal lines. 

Coordinates 

Weight: Must 

Category: Functional 

Applicable To: Prototype 

 

 
4.1.1.3.2 Specific requirements for maritime vessels  

There are lots of variations on specific demand and requirement for example for various applications/services, 
the different type of vessels (size, type, manned, unmanned, operation region and so on). This section only 
provides some specific requirements on data services on maritime vessels and the communication carriers that 
is often used for data communications. 

Regarding to data service requirements, it mainly focuses on the components it should use for its purpose and 
the typical bandwidth required, the regulations (often seen in maritime applications, especially related to 
safety, navigation and search and rescue activities), criticality (or priority) and allowed/preferred latency. 
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Table 56 Requirement RM1.1-1S 

ID Description 

RM1.1- 
1S4 

The requirements for distress signaling service: 

 
Type Component kbps Regulation Criticality Latency 

 
Distress signaling 

DSC (via MF, HF or VHF)  
0.000 

GMDSS Very high Low 

EPIRB (406 MHz COSPAS SARSAT) GMDSS Very high Low 

SSAS (Inmarsat) SSAS Very high Low 
 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 
 

Table 57 Requirement RM1.2-2S 

ID Description 

RM1.2-2S The requirements for emergency operations service: 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 

 
Table 58 Requirement RM1.2-3S 

ID Description 

 
 

4 This specific requirement for data, so belongs to group RM1.1 but for specific (S) not general (G). 

 

Type Component kbps Regulation Criticality Latency 

 
Emergency operations 

Communication to other ship  
21.3 

(GMDSS) Very high RT 

Communication to SAR (GMDSS) Very high IP 
Communication to owner's office  High IP 
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RM1.2-3S The requirements for Nautical reporting service: 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 
 

Table 59 Requirement RM1.2-4S 

ID Description 

RM1.2-4S The requirements for Nautical AIS service: 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 
 

Table 60 Requirement RM1.2-5S 

ID Description 

RM1.2-5S The requirements for Nautical operation service: 

 

Coordinates 

Weight: Must 

Type Component kbps Regulation Criticality Latency 

 
Nautical operation 

VTS coordination  
1,1 

 
Very high Low 

MIO  High Low 

Real time met-ocean  Medium Low 

 

Type Component kbps Regulation Criticality Latency 

 
 

 
Nautical reporting 

LRIT position report (Inmarsat) 
 
 
 
 
 

 
0.2 

LRIT High Medium 

AMVER (position report) 
 

High Medium 

NAVTEX (MSI) GMDSS High Medium 

Weather fax GMDSS High Medium 
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Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

Coordinates 

The requirements for Voyage reporting service: RM1.2-6S 

Description ID 

Table 61 Requirement RM1.2-6S 

 

 
 
 

 
 
 
 
 
 

Type Component kbps Regulation Criticality Latency 

 
 
 
 
 
 

 
Voyage reporting 

Ship reporting 
 
 
 
 
 
 
 
 
 
 
 
 

0.046 

SOLAS High Medium 

Coast state notification SOLAS High Medium 

Port arrival notification FAL High Medium 

Voyage orders and reports 
 

High Medium 

Commercial port call services 
 

High Medium 

Navigational data update (ENC) SOLAS Very high Medium 

Operational reports 
 

Medium Medium 

Operating manuals, documents 
 

Medium Medium 

Weather forecast 
 

High Medium 

 
 
 
 
 
 
 
 

 
Table 62 Requirement RM1.2-7S 

ID Description 

RM1.2- 
7S 

The requirements for cargo report, operations, technical reporting and technical operations 
services: 

 Type Component kbps Regulation Criticality Latency  

Cargo reporting Cargo telemetry, online monitoring 0.022  Medium Medium  

 
 

Cargo operations 

 
Tug/mooring coordination 

Load/discharge coordination 

High accuracy berthing control 

 
0.030 

 Very 
high 
Very 
high 
Very 
high 

 
RT 

RT 

RT 

 

Category: Functional (data service requirement) 

Applicable To: Prototype 
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Description 

 
  

Technical reporting 
Operating manuals, documents 
External maintenance and service 

0.010  Medium 
High 

Medium 
Medium 

 

Technical operation Online maintenance and diagnostics 0.2  High IP  

 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 
 

 

Table 63 Requirement RM1.2-8S 

ID Description 

RM1.2 
-8S 

The requirements for crew and passenger communications services: 

 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 
 

 
 

 

 
Type 

 
Component 

 
kbps 

Regulatio 
n 

Criticalit 
y 

 
Latency 

Crew infotainment 
Crew communication to 
family/home 

 
40.9 

  
High 

IP- 
Medium 

 
 
 

 
Passenger 
infotainment 

 
Crew training 

   
Medium 

IP- 
Medium 

 
Telemedicine 

  Very 
high 

IP- 
Medium 

 
Passenger infotainment 

813. 
3 

  
Medium 

IP- 
Medium 

 

Table 64 Requirement RM1.2-9S 

ID 
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Description 

 

RM1. 
2-9S 

The requirements for billing and other additional services: 

Coordinates 

Weight: Must 

Category: Functional (data service requirement) 

Applicable To: Prototype 

 
 

Communication from ship to ship or ship to shore is either with line of sight (LOS) type communication or 
communications via a “relay station” which usually is a satellite. In LOS category, a data communication system 
via VHF band as AIS/ASM messaging system is also included, and this has already been analysed in previous 
chapters. In satellites’ category, the most popular ones that should be mentioned are Inmarsat and VSAT 
satellites. Both types are geostationary satellites. 

As one of the main purpose in SELIS project is to minimize the delay and maximize the availability as well as 
guarantee the QoS, the hybrid terrestrial-satellite communication component should include these types of 
communication carriers. The main functions can be carrier detection/scanning and carrier selection 
optimization. 

 
 

 
 

Table 65 Requirement RM1.1-1S 

ID 

 
Type 

 
Component 

kbp 
s 

Regulati 
on 

Criticali 
ty 

Latenc 
y 

 
Billing 

Payments and 
inventory 

16. 
0 

  
High 

Mediu 
m 

Additional services: 

 
Non-RT/IP reporting type communication 

 
0.3 

   Mediu 
m 

RT/IP type ex. emergency, AIS, billing and 
infotainment 

 
1.3 

    
IP-RT 

Emergency 21.3    RT 

Crew infotainment 40.9    IP 

Passenger infotainment and billing 829.3    IP 
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RM1.1- 
1S 

The requirement is for optional communication carriers in the prototype: 

Coordinates 

Weight: Optional 

Category: Functional (carriers to detect/scan and predict) 

Applicable To: Prototype 

System Type Usage area Protocols and capacity 

Ship to ship LOS Ship rendezvous AIS, Digital VHF (DSC). Special 
protocols: 2 kbps 

Ship to shore 
Ship to shore 
Main ship to 
shore via 
satellite 

LOS Logistic monitoring (another 
channel of safety, urgent 
report) 

Using existing standard AIS/ASM 
protocol/messaging system. Data 
bandwidth is low, few kbps. 

LOS Ship control and monitoring 
during coastal approach. 

3G-4G, WiFi or WiMax. TCP/IP 
and UDP: > 4 Mbps 

Sat Ship control and monitoring at 
high seas 

VSAT systems, such as Inmarsat or 
commercial suppliers. TCP/IP and 
UDP: > 4 Mbps 

Backup ship 
to shore via 
satellite 

Sat Backup ship control and 
monitoring at high seas 

Iridium typically. TCP/IP and UDP: 

128 kbps 
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5 Gap Analysis 
5.1 Methodology 

The methodology of gap analysis will be based on the evaluations of how the user needs and requirements 
were satisfied by the communication infrastructure available on scene. The evaluation process was mentioned 
earlier in chapter 2. 

We may refer to the ITU-T Recommendation G.1010 (ITU-T, 2001) that has analysed the error tolerance for 
different types of communication services. Figure 20 illustrates how they assess the effects of latency in 
communication services. They classify the criticality of services as interactive, responsive, timely and non- 
critical, and the communication services error tolerance. 

 

Different applications will have different requirements and needs on communication. For example, 
autonomous vessel systems will belong in the "Command/control" box, and hence they are classified as error 
intolerant and it is assumed that they will have strict timing/latency requirements. On the other hand, ship 
control is a relatively slow process, so one can, in most cases, may have some seconds delay here.  
Autonomous control functions must be designed so that faster response requirements are handled on-board. 

Based on the characteristics of the different types of service that were described, Table 67 summarises the 
performance targets for the various audio, video and data applications. It should be pointed out that these 
targets are set based on the end user perception of the QoS, so they are not linked with any specific underlying 
technology. For most services, preferred and acceptable targets or limits are available which help evaluate 
whether a specific technology can be employed for a specific service. 

 

Table 66 Performance targets 

Application Description Key Performance Parameters 

 

Medium 
 

Application 
Degree of 
symmetry 

Typical data 
rates/Amount 

of data 

 

One-way delay 
Delay 

variation 
Information 

loss 

Video 
 

Data 

One-way video 
(Security etc…) 

One-way 16-384 kbit/s < 10 s 
 

< 1% PLR 

 
Web browsing 

Primarily 
one-way 

 
~10 KB 

Preferred < 2 s/page 
Acceptable < 4 

s/page 

 
N/A 

 
Zero 

Figure 19 Model for user-centric categories 
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Application Description Key Performance Parameters 

 

Medium 
 

Application 
Degree of 
symmetry 

Typical data 
rates/Amount 

of data 

 

One-way delay 
Delay 

variation 
Information 

loss 

Data 
Bulk data 

transfer/retrieval 
Primarily 
one-way 

10 KB-10 MB 
Preferred < 15 s 

Acceptable < 60 s 
N/A Zero 

Data 
Transaction services 

- high priority 
Two-way < 10 KB 

Preferred < 2 s 
Acceptable < 4 s 

N/A Zero 

Data 
Transaction services 

- low priority 
Primarily 
one-way 

< 10 KB < 30 s N/A Zero 

Data Command/control Two-way ~1 KB < 250 ms N/A Zero 

Data Still image One-way < 100 KB 
Preferred < 15 s 

Acceptable < 60 s 
N/A Zero 

Data Telnet 
Two-way 

(asymmetric) 
< 1 KB < 200 ms N/A Zero 

Data 
E-mail (server 

access) 
Primarily 
one-way 

< 10 KB 
Preferred < 2 s 

Acceptable < 4 s 
N/A Zero 

Data 
E-mail (server to 
server transfer) 

Primarily 
one-way 

< 10 KB 
Can be several 

minutes 
N/A Zero 

Data Usenet 
Primarily 
one-way 

1 MB or more 
Can be several 

minutes 
N/A Zero 

5.1.1 Definition of KPIs 

5.1.1.1 Aggregated throughput  

This KPI is directly related to the objective of the project to provide solutions that will help future systems to 
keep pace with the access capacity increase towards achieving such 1000x capacity increase in 2020. 

The aggregated throughput is the sum of data plane throughput that end-users achieve. The actual values will 
depend on the use case determined, amongst other parameters, by the number of UEs, the redundancy level 
of the backhaul topology, the number of gateways to the EPC network, and the injected traffic volumes. 

The improvement of this KPI will be based on a much higher exploitation of all deployed backhaul resources by 
evenly balancing the load among the available terrestrial and satellite links and by sharing bands between the 
two segments. 

5.1.1.2 Network resilience  

Network resiliency is one of the core deliverables objectives and therefore an important KPI for the assessment 
of the SELIS telecom solution, especially for communications in difficult conditions. 

Resilience refers to the ability of the whole terrestrial-satellite hybrid network to be able to direct traffic 
through satellite to overcome events of link failure and/or congestion with the end goal of providing consistent 
high QoS to the end users. 

5.1.1.3 Delay  

Delay is one of the most important parameters for end user satisfaction and it can be defined as the response 
time of a service perceived by the end user. As presented in section 5.1.1 every type of service has different 
delay requirements based on its functionality and use case. 
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It is important to ensure that user requirements for delay are being fulfilled and that the proposed solution 
does not increase the perceived delay by the end user. 

Note that as with aggregated throughput the actual measured delay values will highly depend on the measured 
scenario. In particular, the traffic load injected in the network, the number of hops required to traverse the 
backhaul are some parameters determining the actual delay values. 

5.1.1.4 Population coverage  

One of the main benefits the use of satellite communications brings to SELIS project is the extension of the 
network coverage by facilitating the deployment of mobile networks in sparsely populated areas. This is 
currently a challenge for the MNOs as the cost of deploying network infrastructure in remote areas is high and 
is difficult to justify with the size of the addressable market in these areas. 

Coverage can refer to either population, i.e. the percentage of population that can access a service, or to 
geographic coverage, referring to the percentage of geographic area where a service is available. In the context 
of SELIS we refer to geographic coverage in the EU member states and the target set is to demonstrate 95-99% 
coverage. 

In Figure 21 the map indicates the footprint of Avanti in the EU. We can see that almost the whole EU area is 
covered by Ka band satellites. 

 

Table 68 displays the percentage of EU area and population covered by Avanti Hylas 1 and Hylas 2. 
 

Table 67 EU population covered by Avanti Hylas 1 & 2 

EU 
countries 

Area (Sq km) Population 
Covered by 

Hylas 1? 
Covered by 

Hylas 2? 
Area covered 

(Sq km) 
Population 

covered 

Austria 82,450 8,527,230 Yes Yes 82,450 8,527,230 

Belgium 30,280 11,202,066 No Yes 30,280 11,202,066 

Bulgaria 108,610 7,245,677 Yes Yes 108,610 7,245,677 

Croatia 53,910 4,290,612 Yes No 53,910 4,290,612 

Figure 20 Avanti coverage over the EU 
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EU 

countries 
Area (Sq km) Population 

Covered by 
Hylas 1? 

Covered by 
Hylas 2? 

Area covered 
(Sq km) 

Population 
covered 

Cyprus 9,240 865,878 No Yes 9,240 865,878 

Czech 
77,250 10,517,400 Yes Yes 77,250 10,517,400 

Republic 

Denmark 42,430 5,634,437 No Yes 42,430 5,634,437 

Estonia 45,339 1,294,486 No No - - 

Finland 338,424 5,180,000 No No - - 

France 547,660 65,959,000 Yes No 547,660 65,959,000 

Germany 348,770 80,716,000 Yes Yes 348,770 80,716,000 

Greece 128,900 11,123,034 Yes Yes 128,900 11,123,034 

Hungary 89,610 9,879,000 Yes No 89,610 9,879,000 

Ireland 68,890 4,593,100 Yes Yes 68,890 4,593,100 

Italy 294,140 60,762,320 Yes Yes 294,140 60,762,320 

Latvia 62,250 1,996,500 Yes No 62,250 1,996,500 

Lithuania 62,680 2,939,431 Yes No 62,680 2,939,431 

Luxembourg 2,586 439,539 No No - - 

Malta 320 416,055 No Yes 320 416,055 

Netherlands 33,760 16,862,400 No Yes 33,760 16,862,400 

Poland 304,250 38,221,000 No Yes 304,250 38,221,000 

Portugal 91,500 10,477,800 Yes No 91,500 10,477,800 

Romania 229,890 19,942,642 Yes No 229,890 19,942,642 

Slovakia 48,100 5,415,949 Yes No 48,100 5,415,949 

Slovenia 20,140 2,063,525 Yes No 20,140 2,063,525 

Spain 498,980 46,507,800 Yes No 498,980 46,507,800 

Sweden 410,330 9,684,858 No Yes 410,330 9,684,858 

UK 241,930 64,105,700 Yes Yes 241,930 64,105,700 

Total 4,272,619 506,863,439 3,886,270 499,949,414 

Total (%) - - 90.96% 98.64% 



© SELIS, 2016 Page | 90 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

 

5.1.2 GAP analysis KPIs 

After presenting the different communication and global positioning technologies to be used by SELIS and the 
GAP analysis methodology, we can see in Table 69 below how different technologies are going to evolve based 
on the KPIs already defined in section 5.1.1. 

 

Table 68 GAP analysis based on KPIs 

KPI Target SOTA Future Systems 

 

 
Aggregated 
throughput 

 
 

Additional satellite 
capacity because of the 
satellite coverage 

User throughput depends a 
lot on geography. More 
bandwidth available to urban 
users but 

More bandwidth to 
support bandwidth 
demanding application 
and services. eMBB to 
augment broadband 
services. 

 
 

 
Network resilience 

 
 

Offer service 
continuation by 

mitigating network 
failure risks 

Prone to terrestrial operator 
network failures 

Hybrid systems will offer 
two communication 

channels, a satellite and 
a terrestrial offering 

resilience when one of 
the two networks is not 

available. 

 
 

 
Delay 

 

 
Per service type targets. 
Reference document 

Delay depends heavily on a 
number of factors like 

URLLC one of the main 
5G targets. Ultra-Reliable 
Low Latency 
Communications will 
offer enhanced services 
where low latency is 
critical. 

 
 
 
 
 

Coverage 

 
 
 
 
 

95-99% EU coverage 

Limited coverage to where 
terrestrial operators have 
deployed their network 
infrastructure. 

Extended geographical 
coverage through the 
use of satellite 
connectivity. Hybrid 
systems will provide 
extended coverage to 
support services and 
applications in areas 
where it is not possible 
now. 

 
5.2 Existing technologies 
5.2.1 IoT 

5.2.1.1 IoT Description  

As of 2016, the vision of the Internet of Things has evolved due to a convergence of multiple technologies, 
including ubiquitous wireless communication, real-time analytics, machine learning, commodity sensors, and 
embedded systems. This means that the traditional fields of embedded systems, wireless sensor networks, 
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control systems, automation (including home and building automation), and others all contribute to enabling 
the Internet of Things (IoT). {Wikipedia} 

According to Gartner, Inc. (a technology research and advisory corporation), there will be nearly 20.8 billion 
devices on the Internet of Things by 2020. ABI Research estimates that more than 30 billion devices will be 
wirelessly connected to the Internet of Things by 2020. As per a 2014 survey and study done by Pew Research 
Internet Project, a large majority of the technology experts and engaged Internet users who responded—83 
percent—agreed with the notion that the Internet/Cloud of Things, embedded and wearable computing (and 
the corresponding dynamic systems) will be widespread and beneficial effects will be seen by 2025. As such, it 
is clear that the IoT will consist of a very large number of devices being connected to the Internet. In an active 
move to accommodate new and emerging technological innovation, the UK Government, in their 2015 budget, 
allocated £40,000,000 towards research into the Internet of Things. 

The ability to network embedded devices with limited CPU, memory and power resources means that IoT finds 
applications in nearly every field. Such systems could be in charge of collecting information in settings ranging 
from natural ecosystems to buildings and factories, thereby finding applications in fields of environmental 
sensing and urban planning. 

On the other hand, IoT systems could also be responsible for performing actions, not just sensing things. 
Intelligent shopping systems, for example, could monitor specific users' purchasing habits in a store by tracking 
their specific mobile phones. These users could then be provided with special offers on their favourite 
products, or even location of items that they need, which their fridge has automatically conveyed to the phone. 
Additional examples of sensing and actuating are reflected in applications that deal with heat, water, electricity 
and energy management, as well as cruise-assisting transportation systems. Other applications that the 
Internet of things can provide is enabling extended home security features and home automation. The concept 
of an "Internet of living things" has been proposed to describe networks of biological sensors that could use 
cloud-based analyses to allow users to study DNA or other molecules. 

However, the application of the IoT is not only restricted to these areas. Other specialized use cases of the IoT 
may also exist. An overview of some of the most prominent application areas is provided here: 

 Media 

 Environmental monitoring 

 Infrastructure management 

 Manufacturing 

 Energy management 

 Medical and healthcare systems 

 Building and home automation 

 Transportation 

 Metropolitan scale deployments 

 Consumer application 
 

5.2.1.1.1 Unique addressability of things  

The original idea of the Auto-ID Centre is based on RFID-tags and unique identification through the Electronic 
Product Code however this has evolved into objects having an IP address or URI. 

An alternative view from the world of the Semantic Web focuses on making all things (not just those electronic, 
smart, or RFID-enabled) addressable by the existing naming protocols, such as URI. The objects themselves do 
not converse, but they may now be referred to by other agents, such as powerful centralized servers acting for 
their human owners. 

Integration with the Internet implies that devices will use an IP address as a unique identifier. Due to the 
limited address space of IPv4 (which allows for 4.3 billion unique addresses), objects in the IoT will have to use 
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the next generation of the Internet protocol (IPv6) to scale to the extremely large address space required. 
Internet of Things devices will additionally benefit from the stateless address auto-configuration present in 
IPv6, as it reduces the configuration overhead on the hosts, and the IETF 6LoWPAN header compression. To a 
large extent, the future of the Internet of Things will not be possible without the support of IPv6; and 
consequently the global adoption of IPv6 in the coming years will be critical for the successful development of 
the IoT in the future. 

A combination of these ideas can be found in the current GS1/EPC global EPC Information Services (EPCIS) 
specifications. This system is being used to identify objects in industries ranging from aerospace to fast moving 
consumer products and transportation logistics. 

 
5.2.1.1.2 Architecture  

The system will likely be an example of event-driven architecture, bottom-up made (based on the context of 
processes and operations, in real-time) and will consider any subsidiary level. Therefore, model driven and 
functional approaches will coexist with new ones able to treat exceptions and unusual evolution of processes 
(multi-agent systems, B-ADSc, etc.). 

In an Internet of Things, the meaning of an event will not necessarily be based on a deterministic or syntactic 
model  but  would  instead  be  based  on  the  context  of  the  event  itself:  this  will  also  be  a semantic   
web. Consequently, it will not necessarily need common standards that would not be able to address every 
context or use: some actors (services, components, avatars) will be self-referenced and accordingly, if ever 
needed, adaptive to existing common standards (predicting everything would be no more than defining a 
"global finality" for everything that is just not possible with any of the current top-down approaches and 
standardizations). 

Building on top of the Internet of things, the web of things is an architecture for the application layer of the 
Internet of things looking at the convergence of data from IoT devices into Web applications to create 
innovative use-cases. In order to program and control the flow of information in the Internet of things, a 
predicted architectural direction is being called BPM Everywhere which is a blend of traditional process 
management with process mining and special capabilities to automate the control of large numbers of 
coordinated devices. 

 
5.2.1.1.3 Network architecture  

The Internet of Things requires huge scalability in the network space to handle the surge of devices. IETF 
6LoWPAN would be used to connect devices to IP networks. With billions of devices being added to the 
Internet space, IPv6 will play a major role in handling the network layer scalability. IETF's Constrained 
Application Protocol, ZeroMQ would provide lightweight data transport, and MQTT. "MQ" in "MQTT" came 
from IBM's MQ Series message queuing product line. 

Fog computing is a viable alternative to prevent such large burst of data flow through Internet. The edge 
devices' computation power can be used to analyse and process data, thus providing easy real time scalability. 

 
5.2.1.1.4 Size considerations  

The Internet of things would encode 50 to 100 trillion objects, and be able to follow the movement of those 
objects. Human beings in surveyed urban environments are each surrounded by 1000 to 5000 traceable 
objects. 

 
5.2.1.1.5 Space considerations  

In the Internet of Things, the precise geographic location of a thing—and also the precise geographic 
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dimensions of a thing—will be critical. Therefore, facts about a thing, such as its location in time and space, 
have been less critical to track because the person processing the information can decide whether or not that 
information was important to the action being taken, and if so, add the missing information (or decide not to 

take the action). (Note that some things in the Internet of Things will be sensors, and sensor location is usually 
important.) The GeoWeb and Digital Earth are promising applications that become possible when things can 
become organized and connected by location. However, the challenges that remain include the constraints of 
variable spatial scales, the need to handle massive amounts of data, and an indexing for fast search and 
neighbour operations. In the Internet of Things, if things are able to take actions on their own initiative, the 
human-centric mediation role is eliminated. Thus, the time-space context that we as humans take for granted 
must be given a central role in this information ecosystem. Just as standards play a key role in the Internet and 
the Web, geospatial standards will play a key role in the Internet of Things. 

 
5.2.1.1.6 Space  

There are three core sectors of the IoT: enterprise, home, and government, with the Enterprise Internet of 
Things (EIoT) being the largest of the three. By 2019, the EIoT sector is estimated to account for nearly 40% or 
9.1 billion devices. 
 

5.2.1.1.7 A Solution to "basket of remotes"  

According to the CEO of Cisco, the commercial opportunity for "connected products ranging from cars to 
household goods" is expected to be a $USD 19 trillion. Many IoT devices have the potential to take a part of 
this market. Jean-Louis Gassée (Apple initial alumni team, and BeOS co-founder) has addressed this topic in an 
article on Monday Note, where he predicts that the most likely problem will be what he calls the "basket of 
remotes" problem, where we'll have hundreds of applications to interface with hundreds of devices that don't 
share protocols for speaking with one another. 

There are multiple approaches to solve this problem, one of them called the "predictive interaction", where 
cloud or fog based decision makers] will predict the user's next action and trigger some reaction. 

For user interaction, new technology leaders are joining forces to create standards for communication between 
devices. While AllJoyn alliance is composed of the top 20 World technology leaders, there are also big 
companies that promote their own protocol like CCF from Intel. 

Manufacturers are becoming more conscious of this problem, and many companies have begun releasing their 
devices with open APIs. Many of these APIs are used by smaller companies looking to take advantage of quick 
integration. 

 
5.2.1.1.8 Frameworks  

IoT frameworks might help support the interaction between "things" and allow for more complex structures 
like distributed computing and the development of distributed applications. Currently, some IoT frameworks 
seem to focus on real-time data logging solutions like Jasper Technologies, Inc. and Xively (formerly Cosm and 
before that Pachube), offering some basis to work with many "things" and have them interact. Future 
developments might lead to specific software-development environments to create the software to work with 
the hardware used in the Internet of Things. Companies are developing technology platforms to provide this 
type of functionality for the Internet of Things. Newer platforms are being developed, which add more 
intelligence. Foremost, IBM has announced cognitive IoT, which combines traditional IoT with machine 
intelligence and learning, contextual information, industry-specific models, and even natural language 
processing. The XMPP Standards Foundation (XSF) is creating such a framework in a fully open standard that is 
neither tied to any company nor connected to any cloud services. This XMPP initiative is called Chatty 
Things.[112] XMPP provides a set of needed building blocks and a proven distributed solution that can scale 
with high security levels. 

REST is a scalable architecture that allows things to communicate over Hypertext Transfer Protocol and is easily 
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adopted for IoT applications to provide communication from a thing to a central web server. 

MQTT is a publish-subscribe architecture on top of TCP/IP that allows bidirectional communication between a 
thing and an MQTT broker. 

 

5.2.1.1.9 Standards and standards organizations  

This is a list of technical standards for the IoT, most of which are open standards: 
 

Table 69 Technical standards for IoT 

 
Short name 

 
Long name 

 

Standards under 
development 

 
Other notes 

 
 

Auto-ID Labs 

 
 

— 

 
Networked RFID (radiofrequ 
ency identification) and 
emerging sensing technologi 
es 

 

 

 
EPCglobal 

 

 
— 

 
Standards    for    adoption 
of EPC (Electronic Product 
Code) technology 

 

 
 

FDA 

 

 
U.S. Food and Drug 
Administration 

 
UDI (Unique  Device 
Identification) system for 
unique identifiers 
for medical devices 

 

 
 
 

GS1 

 
 
 

— 

 
Standards for UIDs (unique 
identifiers) and RFID of fast- 
moving consumer 
goods (consumer packaged 
goods), health care supplies, 
and other things 

 

 
Parent organization 
comprises member 
organizations such 
as GS1 US 

 

 
IEEE 

 
Institute of Electrical 
and Electronics 
Engineers 

 
Underlying communication 
technology standards such 
as IEEE 802.15.4 

 

 

 
IETF 

 

Internet Engineering 
Task Force 

 
Standards that 
comprise TCP/IP (the 
Internet protocol suite) 
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MTConnect Institute 

 
— 

 
MTConnect is a 
manufacturing industry 

 

  standard for data exchange 
with machine tools and 
related industrial 
equipment. It is important 
to the IIoT subset of the IoT. 

 

 
 

 
OCF 

 
 

Open Connectivity 
Foundation 

 

 
Standards for simple devices 
using CoAP (Constrained 
Application Protocol) 

 
OCF (Open Connectivity 
Foundation) 
supersedes OIC (Open 
Interconnect 
Consortium) 

 
 
 

XSF 

 
 

 
XMPP Standards 
Foundation 

 
Protocol   extensions 
of XMPP (Extensible 
Messaging and   Presence 
Protocol),  the   open 
standard    of instant 
messaging 

 

 
5.2.1.1.10 Enabling technologies for IoT  

There are many technologies that enable IoT. Crucial to the field is the network used to communicate between 
devices of an IoT installation, a role that several wireless or wired technologies may fulfil: 

 
Short-range wireless 

 Bluetooth low energy (BLE) – Specification providing a low power variant to classic Bluetooth with a 
comparable communication range. 

 Light-Fidelity (Li-Fi)  –  Wireless  communication  technology  similar  to  the  Wi-Fi  standard,   but  
using visible light communication for increased bandwidth. 

 Near-field communication (NFC) – Communication protocols enabling two electronic devices to 
communicate within a 4 cm range. 

 QR codes and barcodes – Machine-readable optical tags that store information about the item  to 
which they are attached. 

 Radio-frequency identification (RFID) – Technology using electromagnetic fields to read data stored in 
tags embedded in other items. 

 Thread – Network protocol based on the IEEE 802.15.4 standard, similar to ZigBee, 
providing IPv6 addressing. 

 Transport Layer Security (network protocol)|TLS – Network security protocol. 

 Wi-Fi – Widely used technology for local area networking based on the IEEE 802.11 standard, where 
devices may communicate through a shared access point. 

 Wi-Fi Direct – Variant of the Wi-Fi standard for peer-to-peer communication, eliminating the need for 
an access point. 

 Z-Wave – Communication protocol providing short-range, low-latency data transfer at rates and power 
consumption lower than Wi-Fi. Used primarily for home automation. 

 ZigBee – Communication protocols for personal area networking based on the IEEE 802.15.4 standard, 

https://en.wikipedia.org/wiki/MTConnect
https://en.wikipedia.org/wiki/Machine_tool
https://en.wikipedia.org/wiki/Open_Connectivity_Foundation
https://en.wikipedia.org/wiki/Constrained_Application_Protocol
https://en.wikipedia.org/wiki/Open_Interconnect_Consortium
https://en.wikipedia.org/wiki/XMPP_Standards_Foundation
https://en.wikipedia.org/wiki/XMPP
https://en.wikipedia.org/wiki/Instant_messaging
https://en.wikipedia.org/wiki/Instant_messaging
https://en.wikipedia.org/wiki/Bluetooth_low_energy
https://en.wikipedia.org/wiki/Bluetooth
https://en.wikipedia.org/wiki/Li-Fi
https://en.wikipedia.org/wiki/Visible_light_communication
https://en.wikipedia.org/wiki/Near_field_communication
https://en.wikipedia.org/wiki/QR_code
https://en.wikipedia.org/wiki/Barcode
https://en.wikipedia.org/wiki/Radio-frequency_identification
https://en.wikipedia.org/wiki/Thread_(network_protocol)
https://en.wikipedia.org/wiki/IEEE_802.15.4
https://en.wikipedia.org/wiki/IPv6
https://en.wikipedia.org/wiki/Transport_Layer_Security
https://en.wikipedia.org/wiki/Wi-Fi
https://en.wikipedia.org/wiki/Local_area_network
https://en.wikipedia.org/wiki/IEEE_802.11
https://en.wikipedia.org/wiki/Wi-Fi_Direct
https://en.wikipedia.org/wiki/Z-Wave
https://en.wikipedia.org/wiki/ZigBee
https://en.wikipedia.org/wiki/Personal_area_network


© SELIS, 2016 Page | 96 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

providing low power consumption, low data rate, low cost, and high throughput. 
 

Medium-range wireless 

 HaLow – Variant of the Wi-Fi standard providing extended range for low-power communication at a 
lower data rate. 

 LTE-Advanced – High-speed communication specification for mobile networks. Provides enhancements 
to the LTE standard with extended coverage, higher throughput, and lower latency. 

 
Long-range wireless 

 Low-power wide-area networking (LPWAN) – Wireless networks designed to allow long-range 
communication at a low data rate, reducing power and cost for transmission. 

 Very small aperture terminal (VSAT) – Satellite communication technology using small dish 
antennas for narrowband and broadband data. 

Wired 

 Ethernet – General purpose networking standard using twisted pair and fibre optic links in conjunction 
with hubs or switches. 

 Multimedia over Coax Alliance (MoCA) – Specification enabling whole-home distribution of high 
definition video and content over existing coaxial cabling. 

 Power-line communication (PLC) – Communication technology using electrical wiring to carry power 
and data. Specifications such as HomePlug utilize PLC for networking IoT devices. 
 

5.2.1.1.11 NarrowBand IoT  

NarrowBand IoT (NB-IoT) is a Low Power Wide Area Network (LPWAN) radio technology standard that has 
been developed to enable a wide range of devices and services to be connected using cellular 
telecommunications bands. NB-IoT is a narrowband radio technology designed for the Internet of Things (IoT), 
and is one of a range of Mobile IoT (MIoT) technologies standardized by the 3rd Generation Partnership Project 
(3GPP). Other 3GPP IoT technologies include eMTC (enhanced Machine-Type Communication) and EC-GSM-IoT. 
The NB-IoT specification was frozen at Release 13 of the 3GPP specification (LTE-Advanced Pro), in June 2016. 

NB-IoT focuses specifically on indoor coverage, low cost, long battery life, and enabling a large number of 
connected devices. The NB-IoT technology can either be deployed “in-band” in spectrum allocated to Long 
Term Evolution (LTE)—utilizing resource blocks within a normal LTE carrier, or in the unused resource blocks 
within a LTE carrier’s guard-band—or “standalone” for deployments in dedicated spectrum. It is also suitable 
for the re-farming of GSM spectrum. 

 

Table 70 Preliminary specification (Source: 3GPP) 

 
LTE Cat 1 

 
LTE Cat 0 

 

LTE Cat M1 
(eMTC) 

LTE Cat NB1 

(NB-IoT) 

 
EC-GSM-IoT 

Release 8 Release 12 Release 13 Release 13 Release 8 

10 Mbps 1 Mbps 1 Mbps 250 kbps 14 kbps 

 

 
5 Mbps 

 

 
1 Mbps 

 

 
1 Mbps 

250 kbps 
(multi-tone) 

20 kbps (single- 
tone) 

 

3GPP Release 

Downlink Peak Rate 

 

Uplink Peak Rate 
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Latency 

 
Number of Antennas 

Duplex Mode 

Device Receive 
Bandwidth 

50-100ms not deployed ? 1.6s-10s 700ms-2s 

2 1 1 1 1 

 

Full Duplex 
Full or Half 
Duplex 

Full or Half 
Duplex 

 

Half Duplex 

 

 

1.08 - 18 MHz 
 

1.08 - 18 MHz 
 

1.08 MHz 
 

180 kHz 

 

Receiver Chains 

 
Device Transmit 
Power 

2 (MIMO) 1 (SISO) 1 (SISO) 1 (SISO) ? 

 

23 dBm 
 

23 dBm 
 

20 / 23 dBm 
 

20 / 23 dBm 

 

5.2.1.2 IoT in the logistics vertical  

As with many other areas of the economy, the digital revolution is having a profound effect on delivery 
logistics. 

The combination of mobile computing, analytics, and cloud services, all of which are fuelled by the Internet of 
Things (IoT), is changing how delivery and fulfilment companies are conducting their operations. 

One of the most popular methods for fulfilling deliveries today is through third-party logistics, which involves 
any company that provides outsourced services to move products and resources from one area to another. 
Third-party logistics, or 3PL, can be one service, such as transportation or a warehouse, or an entire system 
that maintains the whole supply chain. 

But the IoT is going to change how this process operates. The image below depicts the impact of IoT on supply 
chain, and how IoT management will transform inventory, logistics, manufacturing, and more. 

 
 
 
 
 
 

Figure 21 IoT impact on supply chain 
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5.2.1.2.1 Internet of Things Supply Chain Management  
 

One of the biggest trends poised to upend supply chain management is asset tracking, which gives companies a 
way to totally overhaul their supply chain and logistics operations by giving them the tools to make better 
decisions and save time and money. Delivery company DHL and tech giant Cisco estimated in 2015 that IoT 
technologies such as asset tracking solutions could have an impact of more than $1.9 trillion in the supply chain 
and logistics sector. 

And this transformation is already underway. A recent survey by GT Nexus and Capgemini found that 70% of 
retail and manufacturing companies have already started a digital transformation project in their supply chain 
and logistics operations. 

Asset tracking is not new by any means. Freight and shipping companies have used barcode scanners to track 
and manage their inventory. But new developments are making these scanners obsolete, as they can only 
collect data on broad types of items, rather than the location or condition of specific items. Newer asset 
tracking solutions offer much more vital and usable data, especially when paired with other IoT technologies. 

 
5.2.1.2.2 Internet of Things Inventory & Warehouse Management  

There are several new pieces of technology that are already changing how logistics companies work. First are 
active and passive RFID tags, which provide data on items to which they are attached. The main difference 
between the two is that passive tags have an RFID antenna and a microchip for storing information, while 
active tags have their own battery power and can sometimes include additional sensors. 

Internet-connected trackers use long-range networks or Low Power Wide Area Networks (LPWANs) to let 
companies track specific items throughout their delivery journeys. In the same vein, satellite trackers provide 
location data on an item almost anywhere on the planet, even in areas that do not have cellular coverage. 

Bluetooth tags and beacons offer tracking data in smaller, more confined areas, and companies most often use 
them in retail stores to monitor customer traffic and offer marketing messages to said customers. 

Finally, near-field communication (NFC) tags, based on RFID standards, allow workers to use their mobile 
devices as readers for the NFC tags, which provides an advantage over RFID tags and readers. 

 
5.2.1.2.3 Internet of Things Fleet Management  

Companies and even governments that operate vast numbers of vehicles are more frequently using connected 
fleet management solutions to make the process more efficient. Much like inventory and warehouse 
management, these solutions use GPS and other tracking technologies to gather data in real time on the 
locations and operations of their vehicles. 

BI Intelligence, Business Insider's premium research service, estimates that connected fleet management 
solutions will reach 180 million commercial vehicles in North America, or 90% of the total market, by 2020. This 
would represent a tenfold increase from 2010. 

Companies are deploying these solutions in three main ways: 

 Physical asset movement and delivery: This includes fleets of largely semi-trailer trucks that transport 
goods to fulfil consumers' or business' orders. These fleets can handle long-haul or last-mile delivery. 

 Consumer transportation: This includes governments and businesses that use vehicles to transport 
people from one destination to another. 

 Field-service vehicles: This includes vehicles operated mostly by businesses to transport employees as 
they perform their job functions. 
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Figure 22 Fleet management adoption graph 

5.2.2 Maritime communications technologies 

5.2.2.1 Access to communication services from ship  

The general problem faced by ships is that they operate in areas where relatively few users exist and where it is 
expensive to build up a good infrastructure. This applies to many coastal areas as well as on the deep sea. 

Figure 23 Illustration of ship density 
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There is a large amount of vessels and this is a good illustration from AMVER for ship density plot. This 
illustration is from March 2012 and was produced by AMVER, which is operated by the US Coast Guard. The 
plot shows by colored dots the number of ship reports received in that month in a circa one by one degree 
area. Blue means four or fewer reports while red means more than 50. This can also be used as an indication of 
ship density in a given area and, thus, the potential number of customers for communication services. 
Obviously, it will be difficult to find a good business model for providing high capacity telecommunication 
services, e.g., in the South Pacific Ocean or in the Arctic. Figure 248 plots vessel traffic in two typical months, 
January is for winter season and August is for summer trips, all was in 2015. Obviously, there is a significant 
difference between maritime traffic in these two seasons of the year. Also, in this Figure 248, one can find 
absolute number of vessels in the months of 2015, which increases from January and reaches top at August 
before it starts to decrease again. As the challenges of operating and maneuvering vessels in the High North is 
usually more complex (due to harsh weather, darkness, cold etc.) than in other parts, the vessels need more 
automation for optimal operation as well as other needs and assistance from shore. When the latitudes are not 
so high (e.g. below 75 degrees), GEO satellite services can be an option. At higher latitudes, only global Iridium 
or HF/MF radio communication is working, which provides limited bandwidth and not high quality of service 
(See Table 72). 

5.2.2.2 Existing satellite communication  

Ships are dependent on satellite communication when out of range of coastal systems. There is a wide range of 
satellite communication systems available. Very roughly, they can be categorized as below. The band column 
refers to radio frequency used, most commonly from L-band (1 - 2 GHz) and C-Band (4 - 8 GHz) up to  Ku (11.2 - 
14.5  GHz)  and  Ka (26-5  -  40  GHz)  Bands.  The range refers  to  IMO's  sea areas  A1  (coastal  VHF range), A2 

Figure 24 Vessel traffic in the high North region 
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(medium wave range), A3 (high seas without Arctic) to A4 (Arctic). Bandwidth is typical values, measured in 
kilobits per second. The radio frequency band can be referred in Table 72. 

 

Table 71 Specifications of typical maritime satellite services and systems 

System Band Range Bandwidth Comment 

Inmarsat C L A3 9.6 kbps, packet oriented 
GMDSS, Used for short e-mails 
and messages 

Inmarsat Fleet 77/BGAN L A3 128-450 kbps 
GMDSS (not 
supports Internet 

BGAN yet), 

Iridium L A4 134 kbps (Open Port) Also coverage in Arctic. 

VSAT shared link C, Ku, Ka A1-A3 
Any, typical 64-512 kbps. 
Shared by several users. 

Coverage varies with system, 
normally not deep sea. 

VSAT dedicated link C, Ku, Ka A1-A3 
Any, dependent   on price. 
Dedicated capacity to user. 

Coverage varies with system 
and (high) price. 

Other 
Globalstar, 
ARGOS) 

(Orbcomm, 
Thuraya, 

L, S, C, Ku, 
Ka 

 
A1-A4 

Typically low, usually up to 
telephone. 

Either bent pipe systems or 
store and forward. 

 

 
Inmarsat systems C, Fleet 77 (and probably BGAN soon) are the only systems to satisfy IMO GMDSS (Global 
Maritime Distress and Safety System) requirements for satellites. 
However, these do not cover Polar Regions. Only Iridium covers the full 
globe, including the Arctic, but with limited bandwidth. 

Most civilian systems are built with a certain cost/benefit factor in mind 
and, hence, represent a trade-off between coverage, bandwidth, facilities 
and price. As deep sea areas have relatively few ships, high bandwidth in 
these areas will normally be very expensive if available at all. 

To compensate for this, satellite transponders will use different beam 
apertures to cover different areas of different size. Where there are a high 
number of users, a number of smaller spot beams are used to deliver as 
much bandwidth as possible to each paying user. In less densely 
populated areas, larger beam footprints are used to keep a sufficient number of subscribers in the area. 
However, the total bandwidth available will generally be the same in each spot, independent of area size. Thus, 
on the high sea with lower user density, a large beam will be used and the bandwidth (limited by frequencies 
and modulation used) must be shared between them. As an example, Inmarsat global beams use very large 
footprints covering almost a third of the Earth's surface. 
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Figure 25 Overview of both satellite and terrestrial radio communications in ranges and coverage areas 

 

5.2.2.3 Existing terrestrial mobile systems  

The terrestrial radio-systems VHF, MF, and HF are well known and established in the maritime community, and 
are cornerstones of the mandatory GMDSS requirements for SOLAS vessels. The services provided over these 
systems are quite similar; ¾ Duplex voice service, with digital selective calling (DSC) for automated call setup ¾ 
Distress alerting capability ¾ Telex with printing facilities The differences between the systems relate to the 
frequency bands used and the coverage areas. 

These legacy radio systems are typically operated by maritime authorities on a non-commercial basis, and are 
offered to the maritime community as a free service. 

 
Barriers 

Although a free service is beneficial for mariners, the maritime authorities do not drive the development of 
maritime broadband communications. This lack of drive and “technologies push” is a barrier, and probably a 
key reason for the lack of data services in the VHF, MF, and HF bands. The bandwidth available in these bands 
is severely limited anyway, so any new data-service will remain narrow-band compared with the alternatives 
(satellite and terrestrial mobile). 

Other barriers include service coverage, which is limited to a distance from the shore base stations (VHF and 
MF), and the service quality, which is limited for long-range connections (HF) (See Table 73). 

 

Table 72 Communications ranges of maritime terrestrial radios 

System/Band Typical coverage from earth station 

VHF 40 – 60 nautical miles 

MF 150 – 200 nautical miles 

HF Worldwide (given appropriate conditions & frequency) 
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New systems and innovations 

 

Due to the barriers mentioned, technology development on the legacy radio-systems is generally limited. 
However, VDES (VHF Data Exchange System) is a promising initiative to provide a digital data service based on 
the existing terrestrial VHF radio infrastructure. IALA (The International Association of Marine Aids to 
Navigation and Lighthouse Authorities) have proposed VDES, with the aim of offloading the VHF Data Link 
(VDL) of AIS and creating a new channel for data exchange, to support new e-Navigation applications. VDES is 
based on ITU-R M.1842-1. This defines more spectrum-efficient modem techniques and higher data rates (up 
to 307.2 kbps per 100 kHz), which is 32 times the speed and 8 times the efficiency of the existing AIS channels 
(9.6 kbps per 25 kHz). 

There are several attractive aspects of VDES. Assuming that it will be built on the existing operational model 
and infrastructure of VHF, service coverage will be optimized towards maritime use, with a service that is free 
to use for mariners. With its limited data rates, VDES will not be a suitable alternative for commercial and 
bandwidth-hungry applications that are better served by satellite and 4G. However, VDES may become a viable 
solution for e-Navigation applications such as VTS (Vessel Traffic Service), distribution of MSI (Maritime Safety 
Information), and different types of narrow-band ship-to-shore reporting applications e.g. cargo indications 
and piracy reports. 

5.2.2.4 Benefits of using AIS framework for messaging  

The best benefit of AIS framework is that it allows transmitting data in an organized, interoperable way. It also 
fuses static and dynamic data together (Figure 27 and Figure 28). 

 

Dynamic data includes vessel's course, speed and position, which fuses with static data including a vessel's 
MMSI number, its size and the destination to give a comprehensive navigation system. This data is broadcasted 
on two channels AIS 1 and 2 (at 161.975MHz and 162.025MHz) to ensure devices are able to see each other 
and interoperate within the AIS slot map. The AIS slot map is the gateway to ensure that each AIS product 
interoperates within the AIS system. This interoperability ensures the integrity of the AIS system is maintained. 
Different AIS products will use the slot map in different ways for instance shows that some can reserve their 
slot, some sends without having a slot, whilst others scan for a free slot to transmit data into the network. 

Figure 26 AIS data messaging [Source: Allaboutais.com] 
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Figure 27 Multiple access methods for AIS products [Source: Allaboutais.com] 

 

Along with the benefits of using AIS framework in dynamic and static information reporting, the most challenge 
of using AIS for small data message is that, the capability of being detected by AIS satellite is low because the 
original design of AIS antenna on the vessels is to aim to a ground based AIS station. Another conventional 
limitation is that a low data bitrate of several kilobits per second is expected because of its narrow VHF 
frequency band. 
 

5.3 Future technological platforms 
5.3.1 5G 

5.3.1.1 Framework  

The ubiquity, quality of experience and service flexibility required by a diverse set of demanding future 
applications will result in a need for disruptive telecommunications capabilities. 5G is therefore envisioned not 
as just another generation of cellular technology: rather it is proposed as a whole ecosystem that could 
revolutionise communications by achieving true convergence, and become the network of the future. This is 
outlined in the recent 5GPPP brochure presented at Mobile World Congress 2017: 

“5G offers … enhanced performance, flexibility and individualization. Compared to previous generations of 
mobile networks the changes are more radical. 5G technologies address today’s limitations and the future 
capabilities, such as data rate, end-to-end latency, coverage, softwarization, virtualization, network computing 
and promise to create hyper-connectivity for delivering unprecedented services in a secure and controlled way. 
The service levels are able to match the different needs for the benefit of the individual end-customers segments 
and vertical industries.” 

It is widely recognised for 5G that no single technology will satisfy all requirements for the numerous use cases 
constituting each of the enhanced Mobile Broadband (eMBB), Ultra-Reliable and Low Latency Communications 
(URLLC), and massive Machine Type Communications (mMTC) service classes. As such 5G wireless access 
should support a heterogeneous set of integrated air interfaces from evolutions of current access schemes to 
brand new technologies. Seamless handover between heterogeneous wireless access technologies will be a 
native feature of 5G, as well as use of simultaneous radio access technologies to increase reliability and 
availability. Satellite systems can and should be fundamental components in future networks - their inherent 
characteristics address challenges in relation to ubiquity, resilience, mobility and multicast. 

In previous mobile network generations, the integration of satcom was based on proprietary tailored solutions 
at both satcom and mobile network level. The heterogeneous access principle provides a window of 
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opportunity to become a native part of the 5G ecosystem by adopting the technology approaches and (3GPP) 
standards of the mobile community. 

In order for this approach to be successful a range of satellite specific development, integration and 
standardisation activities need to be performed including on topics such as: 

 The implementation of 5G SDN and NFV across satellite network to support flexible service 
provisioning, network slicing and sharing of virtualised core infrastructure. 

 Integrated network management & orchestration systems to harmonise service creation and 
management for satellite and terrestrial technologies in multi-tenant networks. 

 Ensuring harmonisation of satcom with the protocols (user and control plane) and architectural 
principles (including SLA and QoS management, mobility management, session management, traffic 
engineering, security and other topics). 

 Alignment to mobile edge computing, multi-link and heterogeneous transport approaches that will 
allow native strengths of satellite in relation to content offloading/distribution and resiliency to be 
leveraged. 

 

The mobile industry has planned 5G Phase 1 operational roll out (sub 6 Hz) from 2020, and Phase 2 (mmWave) 
roll out from 2023-25. There are many roadmaps available which indicated the key European and global 
milestones. 

Of particular interest is the 3GPP standardisation schedule. This schedule was accelerated at a recent 3GPP 
plenary in Dubrovnik (March 2017) where it was agreed the first 3GPP 5G New Radio (NR) specification will be 
part of Release 15. As part of this work plan, Qualcomm, AT&T, NTT DOCOMO, SK Telecom, Vodafone, Ericsson, 
and others committed to accelerate the 5G NR schedule by introducing an intermediate milestone for an early 
completion of a variant called Non-Standalone (NSA) 5G NR. This intermediate milestone will enable 3GPP- 
based large-scale trials and deployments as early as 2019. 

Figure 28 5G Roadmap [Source: NPL] 
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Figure 29 5G milestones 

Release 15 will not incorporate a satellite component but we believe that now is the right time to establish a 
high profile satellite-terrestrial hybrid test bed that will allow genuine satellite propositions to be built into the 
subsequent 3GPP release 16, and provide a platform to allow satellite technologies to be trialled in the agreed 
2018-2019 timeframe. 

The consortium is therefore fully aligned with the ITT’s emphasis on the need for practical demonstration of 
both the role (and value proposition) of satellite and of the core mechanisms required to achieve network 
technology convergence with 5G. Establishing a reference satellite-terrestrial 5G test bed will allow joint 
business, operational and technical propositions to developed, demonstrated and validated – as well as 
supporting research and standardisation activities. 

5.3.1.2 5G and logistics  

The first Plenary of the Digital Transport and Logistics Forum (DTLF) was held in July 1-2, 2015, in Brussels. The 
Directorate-General for Mobility and Transport (DG MOVE) presented the Forum as a consultative body to 
develop a global vision on digital transport and logistics in “the general context of the Digital Single Market” to 
identify initiatives and concrete recommendations for relevant European policies and legislation”. DG MOVE 
also expressed the need to focus on a multimodal perspective looking for “synergies” between different means 
of transport. DG MOVE has presented four “content drivers” concerning the digitalization of transport: harness 
and use data increasing the efficiency of the transport logistics chain, decarbonisation, human factor and 
international aspects. Digital transport and logistics will concern the information and data relating to goods, 
means of transport, authentication and access to ports or customs clearance information. Big data will create 
new opportunities while exploiting the large amount of information generated along the logistics chain. The IoT 
will strongly contribute to generating useful information and cloud platforms will provide opportunities to 
exploit the data. Beyond the eBusiness process and the related data, the vehicle will play a significant role in 
the logistics chain. Intelligent Transport Systems (ITS) are likely to contribute significantly to the increase of 
road transport efficiency. Route optimization and use of Cooperative ITS (C-ITS) are enabling significant 
reduction of energy consumption and travel times. Collecting useful traffic and road condition information 
through vehicle ITS platforms will also increase the amount of useful data provided to the supply chain actors. 
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5.3.2 Enhanced GNSS systems 

SBAS services are free of direct user charges and improve the performance of the United States of America’s 
Global Positioning System (GPS). 

US GPS was declared fully operational in 1995 and has evolved steadily since then. The single frequency (L1 = 
1575.42MHz) Standard Positioning Service (SPS) for civil users is free of charge and nominally provides 5-10  
meters accuracy but it can be much worse, mainly due to the ionosphere. 

 

 

SBAS services (Figure 31) deploy a network of ground measurement stations (GMS) to monitor GPS. GMS 
measurements are relayed to a central processing facility (CPF) that uses these to compute: 

a) Orbit and clock corrections for each satellite monitored. 
b) A spatial grid of ionospheric corrections. 
c) Integrity information. 

These are then relayed to a ground uplink station (GUS) and uplinked to geostationary satellites with special 
SBAS payloads navigation before being broadcasted to users using a GPS look-alike signal. 

Both GPS and SBAS receivers need the satellite PRN (pseudo-random noise) access codes to acquire and track 
the satellites and use them for navigation. 

Good though GPS might be better accuracy and dependability will unlock a wider range of additional 
opportunities and benefits. SBAS improves the nominal accuracy to around 1 meter and is much more reliable, 
unlocking additional benefits worth. Critically, many existing GPS receivers can also receive existing SBAS 
services. 

These SBAS advantages are well-understood internationally and have led to the deployment of SBAS services in 
the US (WAAS), European Union (EU – EGNOS), Japan (MSAS) and India (GAGAN) (Figure 32). Similar services 
are being planned in Russia and China. In general, there are two-levels of SBAS service: 

 Open service (OS) suitable for agriculture, geometrics and road as well as some maritime and rail 
applications. 

 

Figure 30 SBAS Architecture 
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 Safety-of-Life (SoL) suitable for landing commercial aircraft and requiring aviation certified systems and 
user equipment. 

5.3.2.1 WAAS  

The Wide Area Augmentation System (WAAS) was jointly developed by the United States Department of 
Transportation (DOT) and the Federal Aviation Administration (FAA), beginning in 1994, to provide 
performance comparable to category I instrument landing system (ILS) for all aircraft possessing the 
appropriately certified equipment. 

On July 10, 2003, the WAAS signal was activated for safety-of-life aviation, covering 95% of the United States, 
and portions of Alaska. At present, WAAS supports en-route, terminal and approach operations down to a full 
LPV-200 (CAT-I like Approach Capability) for the CONUS, Mexico and Canada. 

5.3.2.2 MSAS  

The Multi-functional Satellite Augmentation System (MSAS) is the Japanese SBAS. NEC manufactured and 
delivered MSAS under contract with the Civil Aviation Bureau, Ministry of Land, Infrastructure, Transport and 
Tourism. 

MSAS is operational since 2007 supporting en-route, terminal and non-precision approach operations (RNP 
0.1). Recently has completed successful LPV flight trials. 

5.3.2.3 GAGAN  

The GPS Aided Geo Augmented Navigation or GPS and Geo Augmented Navigation system (GAGAN) is the SBAS 
implementation by the Indian government. The Indian government states that it will use the experience of 
building the GAGAN system in the creation of an autonomous regional navigation system called the Indian 
Regional Navigational Satellite System (IRNSS). 

5.3.2.4 SDCM  

The System for Differential Corrections and Monitoring (SDCM) is the SBAS currently being developed in the 
Russian Federation. SDCM is expected to be certified in the coming years, being this just the first step in the 
SDCM strategy which pursues also other broadcast means - potentially a polar MEO - with the aim of providing 
also a service to the North part of Russia. 

Figure 31 SBAS systems in the world 
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The main differentiator of SDCM with respect to other SBAS systems is that it is conceived as an SBAS 
augmentation to GPS and GLONASS, whereas the rest of current SBAS initiatives provide corrections and 
integrity just to GPS satellites. 

5.3.2.5 SNAS  

The People's Republic of China is developing its own SBAS, called Satellite Navigation Augmentation System 
(SNAS). The company Novatel was awarded with a contract for the provision of 12 receivers for the phase 2 of 
the development in 2002. These stations would complement the 11 ones already installed around Beijing for 
the phase 1. There is little public information available on this development. 

5.3.2.6 SACCSA  

The SBAS initiative in South/Central America and the Caribbean is called SACCSA (Soluciόn de Aumentaciόn 
para Caribe, Centro y Sudamérica). SACCSA is an ICAO project founded by the Participants/Member States of 
the SACCSA Project: Argentina, Bolivia, Colombia, Costa Rica, Guatemala, Panama, Spain, Venezuela and 
COCESNA (Corporación Centroamerica de Servicios de Navegación Aérea). The objective is to study the 
improvement of the Air Navigation Environment in the Caribbean and South America (CAR/SAM) Regions with 
a SBAS solution. The program began in 2003 being at present in its Phase III which will determine the feasibility 
of the implementation of an own SBAS system in the CAR/SAM regions. 

5.3.2.7 SBAS Africa  

SBAS-Africa was a 15-month, R150M project awarded to Avanti by the UKSA through its International 
Partnerships in Space Programme (IPSP). SANSA has a memorandum of understanding with UKSA and is 
Avanti’s South African partner in this project. 

 

Figure 32 Global SBAS systems - SBAS Africa included 
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The SBAS-Africa project had the following objectives: 

 Capture service provision requirements for an RSA SBAS to respect the RSA context, meet user 
requirements and deliver benefits. 

 Deploy an SBAS demonstrator in the RSA and run trials using the SBAS navigation payload on Avanti’s 
ARTEMIS satellite and run trials. 
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 Understand the likely benefits and build operational SBAS business cases for key stakeholders in a 
range of market sectors including agriculture, aviation, geometrics, logistics and maritime as well as for 
broad RSA policy drivers. 

 Identify the way forward based around extending the lifetime of the SBAS test-bed for two years 
beyond March 2016 in order to build a final RSA SBAS business case to support RSA’s decision-making 
process. 

The SBAS-Africa project has focused its design efforts on maximising the SBAS benefit/cost ratio in the African 
context. 

In Europe and the US, the airspace is relatively busy (Figure 34) and there are a significant number Category 1 
precision approach runway ends to mitigate poor visibility in bad weather. As a result, the complex and costly 
European (EGNOS) and US (WAAS) SBAS services are driven by commercial aviation Category 1 precision 
approach requirements. There is significant non-aviation use of SBAS services in both regions. 

However, African SBAS needs are different. There are far fewer commercial aviation movements and the major 
beneficiaries are likely to be agriculture, geometrics, logistics, maritime and general aviation. The institutional 
and financial challenges are also different. 

As a result, RSA needs a cost-effective SBAS which meets southern African needs, potentially delivering 80% of 
the equivalent European or US benefits (i.e. no commercial aviation) for perhaps 20% of the cost. This benefit / 
cost ratio requirement has driven the design of the SBAS-Africa system. This is illustrated in Figure 35. 

Figure 33 Global snapshot of aircraft movements 
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Figure 34 SBAS benefit/cost ratio 

5.3.2.8 SBAS PRN Allocation  

The GPS code division multiple access (CDMA) scheme uses a coarse/acquisition (C/A) pseudo random noise 
(PRN) code on the L1 frequency (1575.42 MHz) to identify each satellite. This has been extended to include the 
SBAS satellites (US Air Force GPS Directorate, 2013). 

Each GPS / SBAS receiver must have knowledge of the PRN codes in order to acquire and track the satellites 
and use them for navigation including measuring the pseudo-range and decoding the navigation data. 

The US Department of Defense publishes periodically a list of the L1 C/A PRN code assignments in five groups 
(US Air Force GPS Directorate, 2014): 

 PRN 1-63 - reserved for GPS. 

 PRN 64-119 - reserved for GBAS and other augmentation systems. 

 PRN 120-138 - reserved for SBAS. 

 PRN 139-158 - reserved for SBAS expansion and testing. 

 PRN 159-210 - reserved for other GNSS and other applications. 

PRN codes 120-138 are defined in RTCA’s (2013) Minimum Operational Performance Standards for Global 
Positioning System / Wide Area Augmentation System Airport Equipment as the aviation SBAS standard. These 
have implemented in SBAS receivers, in particular for aviation and maritime. 

PRN codes 139-158 are not defined in the RTCA WAAS MOPS. These have not been implemented in aviation 
and maritime receivers. Implementation in non-aviation and non-maritime receivers may be patchy. 

The October 2024 PRN code assignments (US Air Force GPS Directorate, 2014)) show that only  four codes in 
the 120-138 group have not been allocated (122, 130, 132 and 134). EGNOS currently has six of these codes 
which appears excessive considering that WAAS only has three. 

Figure 36 sets out the assumptions made in this business case for SBAS PRN > 138 compatibility in aviation and 
non-aviation receivers. 
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SBAS can be used by operators to track their own rolling 
stock 

 

Fleet management 

SBAS can be used to accurately monitor where all trains 
are within the network 

 

Train management 

Highly reliable and accurate positioning information is 
required for automated control of trains. SBAS can be 
used for safety management systems 

 
Freight train control 

SBAS can be used by the public to report issues with roads 
such as pot holes 

Reporting maintenance 
issues 

SBAS can be used by insurance firms to track vehicles Insurance 

Supporting the roll out of automated emergency call 
services in vehicle accidents 

eCall 
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5.3.2.9 SBAS applications in Logistics  

Table 74 depicts the potential of SBAS applications in a wide range of logistics uses including transportation, 
freight management and security. 

 
 

Table 73 SBAS Application in Logistics 
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Figure 35 SBAS PRN > 138 new user equipment compatibility 2015 - 2030 
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Freight tracking 
High positional accuracy is required for tracking high value 
goods 
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6 SELIS telecommunications system architecture 

This section depicts the telecommunications system architecture of the SELIS project. The architecture has 
been designed in such a way to address the SELIS needs and requirements which are to provide mobile 
communications for the terrestrial and maritime segments. For instance, switching seamlessly between 
satellite terrestrial communications for vessels operating in difficult conditions such as ship to shore 
communications or using seamlessly different communication solutions for inland mobile assets, like trains and 
trucks. This telecommunications architecture aims at covering all user scenarios defined in previous chapters. 

 

6.1 High level communication system architecture design 

The suggested architecture has been split into two sides, the backhaul and the fronthaul side. The backhaul 
side of the network comprises the links between the backbone network and the “edge” of the entire network. 
For the SELIS architecture the backhaul side comprises a mixture of satellite, radio and fibre links. On the other 
hand, the fronthaul side of the network comprises the links from the “edge” of the network and the mobile end 
users. Hybrid radio/satellite components can be used for the fronthaul, which differentiate according to the 
requirements and from the nature of the mobile assets. SELIS telecommunications architecture targets the 
development of open standards to enable wide reuse for lowering commercial costs, and other key features of 
such standards such as security, power limitation, etc. 

The backhaul and fronthaul components of the SELIS telecommunication architecture can be applied on both 
the terrestrial and maritime segments as these are depicted in Figure 37 and Figure 38 respectively. 

 
 
 

Figure 36 Communication System Architecture for Terrestrial segment 
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Figure 37 Communication System Architecture for Maritime segment 

 

6.2 Communication System Architecture components description 
6.2.1 Fronthaul side  

From the fronthaul perspective, the hybrid components that are being introduced are the Mobile User End 
(MUE), Road Side Unit (RSU) and Train Side Unit (TSU). 

6.2.1.1 Mobile User End (MUE):   

The MUE component has been introduced to facilitate the communication of trucks and vessels with the SELIS 
SCN. This hybrid component will be located on the mobile entities. The relevant information will be received 
and collected by using Internet of Things (IoT) technologies. Specifically, the Narrowband – IoT (NB-IoT) 
standard can be applied to transfer information to the MUE component. 

NB-IoT is an open standard based on LTE. It has the backing of major equipment manufacturers, and is based 
on familiar technology for easier integration into existing infrastructure and processes. NB-IoT uses licensed 
spectrum bands (just like 3G and 4G) so isn’t significantly affected by interference and can provide coverage in 
challenging deployments, such as in SELIS user scenarios. Additional advantages of using the NB-IoT technology 
compared to other LPWA technologies can be listed below: 

 Faster data throughput. 

 Flexible power management for 15-year operational lifespans. 

 Simple designs for cost-effectiveness. 

 Fast and flexible for carriers to deploy. 
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 Broad market support as on open 3GPP standard. 

 Easy to integrate into traditional cellular technology ecosystems. 

 Securing ultra-simple devices is challenging. 

 NB-IoT inherits LTE’s authentication and encryption. 

If the transmitted information is low data rate, as in Use Case 1, then the information will be received directly 
from the MUE component and be processed accordingly. However, information related with monitoring and 
tracking goods which derives from multiple sensors on the same mobile entity, as in Use Case 2, will require a 
carrier aggregation process performed before the information is handed over to MUE. 

To achieve high data rates, as these are requested in one of SELIS user scenarios, it is necessary to increase the 
transmission bandwidths over those that can be supported by a single carrier or channel. Using carrier 
aggregation, it is possible to utilise more than one carrier and in this way increase the overall transmission 
bandwidth. Carrier aggregation is a feature of the LTE Advance as this is also described in the LTE Node. 

The hybrid feature of the MUE will be responsible to forward the user traffic to the available different backhaul 
networks. By performing a basic routing algorithm it will be liable to distribute the user traffic to the respective 
interface, satellite or terrestrial, depending on the network availability. User traffic will then be distributed to 
the satellite or terrestrial modem and from there onwards to the antennae. 

Satellite network: Very – Small – Aperture Terminals (VSATs) can be used for the satellite connectivity part that 
meet special requirements such as the movement of a truck or vessel, the limited available power, the weight 
limitations on a truck roof, etc. 

Terrestrial mobile network: The terrestrial antenna installed on the trucks can be a NB-IoT antenna that uses 
the 3GPP-licensed network spectrum and the user traffic can be distributed via the existing LTE nodes or the 
Hybrid nodes. Terrestrial – based mobile communications can be also used to handle maritime traffic. The 
current 3G coverage extends out to around 10 nautical miles (nm), whilst 2G services reach out 20nm and even 
further in some places. Given appropriate power and antenna configuration and the use of 800 – 900 MHz 
band, 4G (LTE) services may reach 100km (50nm), although with reduced data rates. While typical 3G data 
speeds are in the order of a few Mbps, new 4G technologies such as LTE can provide over 100Mbps. 

Terrestrial radio network: The terrestrial radio network can be an alternative only for the maritime user traffic. 
The terrestrial radio-systems VHF, MF and HF are well known and established in the maritime community 
having as main disadvantage the lack of data services in these bands. However, VDES (VHF Data Exchange 
System) is a promising initiative to provide a digital data service based on the existing terrestrial VHF radio 
infrastructure. VDES aims at offloading the VHF Data Link (VDL) of AIS and creating a new channel for data 
exchange, to support new e-Navigation applications. This defines more spectrum – efficient mode techniques 
and higher data rates (up to 307.1 kbps per 100 kHz), which is 32 times the speed and 8 times the efficiency of 
the existing AIS channels (9.6 kbps per 25 kHz). 

Mobile satellite network: Communication within the maritime community can be also provided via a network 
of L-band satellites. L-band satellites networks can operate in Geostationary (GEO) or in Low Earth Orbit (LEO) 
orbits depending on the operator. 

6.2.1.2 Road Side Unit (RSU)  

The RSU component has been introduced to facilitate the communication of the autonomous vehicles (Use 
Case 3). This hybrid component will be located on the roadside and communication with the autonomous 
vehicles will be facilitated with the use of v to x communication. The RSU components are responsible to 
forward the vehicle information to the available backhaul networks. Similar to the MUE component a basic 
routing algorithm it will be responsible for forwarding the traffic to the available backhaul network. RSU can be 
equipped with a VSAT to accommodate the satellite connectivity, a terrestrial antenna for radio access and a 
fibre interface for direct terrestrial connectivity to the operator’s backbone. 
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6.2.1.3 Train Side Unit (TSU)  

The TSU component has been introduced to facilitate broadband communication of the cargo trains. Similar to 
the MUE and RSU, TSU will be developed based on open standards and it will be located on the trackside of the 
train rails. Mm – wave and optical wireless communications will be the protocols used to facilitate the 
communication between the cargo trains and the TSU. The TSUs will not only be responsible to forward the 
traffic to the available backhaul networks but can also communicate between each other. Each TSU will be 
equipped with all the necessary antennas and units in order to facilitate access on the satellite, radio and fibre 
networks. 

6.2.2 Backhaul side  

Having explained the different elements of the fronthaul, the next section addresses the main components of 
the backhaul network, which are the LTE Node, the Hybrid Node and the Satellite. 

6.2.2.1 LTE Node  

Within the system architecture requirements, it is defined that the proposed system shall have a ubiquitous 
coverage. In order to satisfy the specified requirement, it has been decided that the best way to achieve this 
will be by building on and combining new state – of – the – art technologies (such as NB-I0T) on existing 
networks and then move forward to new and emerging network, for example 5G, with higher potentials such 
as possibility to provide uniform, uninterrupted and consistent connectivity across the world, technological 
sound to support heterogeneous services, increased bandwidth and higher data rates. 

Thus, the SELIS communications architecture encompasses the LTE network which comprises of the following 
three main components: 

 The User Equipment 

 The Evolved UMTS Terrestrial Radio Access Network (E-UTRAN) 

 The Evolved Packet Core (EPC) 

One of the main reasons for selecting the LTE network is that the NB-IoT technology is a subset of E-UTRAN 
based on 3GPP TS 23.401 v15.0.0 and the SELIS communications architecture will be easily deployed for the 
User Groups A and B. 

The E-UTRAN handles the radio communications between the mobile and the evolved packet core and it has 
only one component, the evolved based station called eNodeB or eNB. Each eNB is a base station that controls 
the mobile assets in one or more cells. The base station that communicates with mobile assets is known as its 
service, eNB. 

The EPC consists of a number of components. Below is a brief description of each of these components (LTE, 
2017): 

 The Home Subscriber Server (HSS) component has been carried forward from UMTS and GSM and it is 
a central database that contains information about all the network operator’s subscribers. 

 The Packet Data Network (PDN) Gateway (P-GW) communicates with the outside world. Each packet 
data network is identified by an access point name (APN). 

 The serving gateway (S-GW) acts as a router, and forwards data between the base station and the PDN 
gateway. 

 The mobility management entity (MME) controls the high-level operation of the mobile by means of 
signalling messages and Home Subscriber Server (HSS). 

 The Policy Control and Charging Rules Function (PCRF) is responsible for policy control decision-making, 
as well as for controlling the flow-based charging functionalities in the Policy Control Enforcement 
Function (PCEF), which resides in the P-GW. 
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LTE is being deployed faster than any previous generation of wireless technology and already supports 3G and 
4G. 4G LTE is also known as LTE Advanced. Carrier aggregation is a key LTE – Advanced feature that operators 
are deploying globally, which harnesses available spectrum more effectively, increases network capacity, and 
can increase user throughput rates. 

5G is designed to integrate with LTE networks, and many 5G features may be implemented as LTE – Advanced 
extensions prior to full 5G availability. Thus, the adjustability of the LTE network to support 4G and 5G 
technologies has driven the SELIS architecture to use it as backhaul radio access network. 

6.2.2.2 Hybrid Node  

Trying to address the ubiquitous requirement and to ensure the high percentage of availability of user’s data 
traffic, the SELIS architecture introduces the Hybrid Node component. In order to be able to propagate the 
logistics real time information across the whole supply chain network, even when the backhaul radio network 
reaches its maximum capacity, a traffic load balancing element can be introduced at some nodes of the 
network to avoid congested network situations. 

Having the choice to distribute the traffic through the terrestrial network or through satellite communication 
systems, this brings a range of possibilities for intelligent sharing based on traffic characteristics while at the 
same time, taking the opportunity to integrate beneficial features, such as the multicast capabilities, and 
satellite communications into the 5G architecture. Multicast capabilities of the satellite links can be used to 
update caches at the trackside / roadside and thereby in trains/vehicles/trucks, without burdening core 
networks with multicast traffic. 

To achieve this intelligent sharing, the terrestrial and satellite operators will identify the associated 
requirements including traffic demand, service requirements and congestion avoidance requirements. Having 
this information available, the operators will be in the position to propose an optimised algorithm for traffic 
load balancing based on user traffic utilising both terrestrial and satellite operator networks. An Intelligent 
Router at the Hybrid Node will then utilise the associated load balancing algorithm that will direct traffic 
accordingly through the terrestrial network or the satellite network. 

The Hybrid Node component comprises from the following main elements: 

 eNB: This element refers to an existing LTE base station as already described in previous section. It is 
connected to the EPC through a backhaul network. 

 Routing: This element includes the routing load balancing algorithm and it’s responsible to distribute 
the traffic among the different terrestrial and satellite modem interfaces. 

 Traffic Classification: The Traffic Classification element is in charge of determining the mapping of 
traffic flows to the hybrid backhaul resources used to transport them. 

 Modems: The Hybrid Nodes include both terrestrials and satellite modems. 

 Antennas: According to the routing decision and the type of the modem, terrestrial and / or satellite 
antenna provides the air interface of the Hybrid Node 

A representation of the different elements in the Hybrid Node can be shown in the below Figure 39: 
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Figure 38 Representation of Hybrid Node elements 

6.2.2.3 Satellite  

Satellite backhaul connectivity extends service coverage where terrestrial connections are unavailable or 
unreachable, and for that the reason all the fronthaul components of the SELIS architecture encompasses a 
VSAT antenna. High availability of the user traffic is ensured by using a hybrid backhaul network. 

The satellite will need to be enhanced as part of the SELIS architecture in order to be able to accommodate the 
user’s data traffic as this will be transmitted from the mobile trucks, vessels, autonomous vehicles and trains. 

6.2.3 Interconnection between Communication System Architecture and SCN  

As already described in D4.1 “Open SELIS Platform Architecture Design”, the SELIS nodes consist of several 
layers as shown in Figure 40. 

 

The interconnection between the Communication System Architecture and the SCN will lie on the first layer 
which enables data exchange between participants and applications within an information space. This layer 
allows data to be collected from heterogeneous sources creating a single data space on the cloud, which 

 

Figure 39 SELIS NODE technology stack and layers 



© SELIS, 2016 Page | 121 

D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 
 

 

physically consists of distributed connected data sources. The required functionality of this layer enables: 
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 Exchange of real time events. 

 Exchange of documents or large data structures. 

 Enforce authorized access to other participant’s databases/web services. 

The exchange of real time events applies in the Use Cases were low data rate information will be transmitted 
(such as in Use Case 1) while the exchange of documents or large data structures applies in the Use Cases with 
high data rates transmitted information (e.g. Use Case 2). 

Additionally, in this first layer SELIS Community Node provides a publish/subscribe system (pub-sub system) for 
many –to – many communication of events with the ability to restrict permission of whom can subscribe to 
what. The SELIS pub-sub system will be the main entrance point of the information gathered from  the 
fronthaul components within SELIS Community Node. 

The data streams are entered to the SELIS Community Node via the use of “adapters”, or minimal applications 
that receive and transform information in formats that the SELIS platform understands. In the SELIS 
Communication System Architecture the “adapters” or minimal applications can be considered as the IoT 
applications of the fronthaul components (MUE, RSU and TSU). Thus, the information from each mobile unit 
will be transformed in a format that the SELIS platform understands and entered into the pub - sub system 
regardless of the telecommunication technology used for data transmission. 

6.3 VDES Architecture description 

AIS experiences challenges at some locations in the world due to heavy traffic. Furthermore, the e-Navigation 
concept identified new services with communication requirements. In order to overcome this challenge, 
preserving the AIS main tasks and arranging a number of new data services between shore and ships with more 
bandwidth is a necessity. Therefore, the requirement of a VHF Digital Exchange System (VDES) was established. 

The next Figure 41 depicts the expectation and concept of data communications for both vessels and onshore 
systems. 

 

A general VHF Data Exchange System – VDES 

 

Figure 40 The expectation for on-board and ashore communication systems 
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Figure 41 Channel divisions for existing AIS and Terrestrial VDES 

VDES elements agreed at the World Radio Conference (WRC) in 2015 

 Agreed to all terrestrial components of the VDES including newly allocated channels 2027 (ASM 1) and 
2028 (ASM 2). 

 Urgent need for offloading ASM traffic from AIS VDL. Some very congested areas. Hence protecting the 
integrity of the AIS VDL. 

 AIS is expanded to vessels not subject to the SOLAS carriage requirement, and to completely different 
applications. 

 Singapore; 1200 vessels on a BS (directive antenna), Some ASM traffic. Experience from other areas; 
high amount of AIS mobile stations not acting in accordance with standard. 

 Simultaneously, because of increasing demand on radio spectrum for digital communication such as 
mobile phone and data, ITU now requests more efficient and effective use of radio spectrum. 
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Figure 42 Terrestrial VDES 

 

Full VDES capability 

The VDES will naturally have a terrestrial component with support of the AIS coastal stations. However, the use 
of a satellite is needed to provide a relevant extension of the terrestrial coverage that is typically limited to 
several tens of nautical miles into deep seas. A full VDES capability will be shown as below: 



D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 

© SELIS, 2016 Page | 122 

 

 

 

 
Figure 43 Full VDES system 

6.4 AIS-ASM Architecture description 

The function of sending ships' position and relevant information (e.g. safety) to authorized organizations is of 
the highest importance in an AIS system. ASM is an added function with capability to operate on separated VHF 
channels and only for sending messages of predefined applications. Specifically, AIS has total 27 different types 
of messages with message 1-3 is for position reports and message 6, 8, 25, 26 is for ASM. The main work of 
proposing ASM in this deliverable is to look at how ASM can be used for example to exchange monitoring data 
between cargo and shore. A notice is even if the AIS/ASM channels usually have spare capacity at remote areas 
but this does not amount to a lot of bandwidth, which is in the range of few kbps. Technical parameters such as 
channels, frequency and bandwidth are shown in Table 75. 

 

Table 74 Minimum required time division multiple access transmitter characteristics 

Parameter name Units Low High 
setting setting 

Channel spacing (encoded according to RR Appending 18 with footnotes) 
(ITU-R, 2012) 

kHz 25 25 

ASM 1 (2027) (ITU-R, 2012) MHz 161.950 161.950 

ASM 2 (2028) (Romsenter, 2017) 
 

Transmit output power 

MHz 162.000 162.000 

W 1 12.5 
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An example case with ASM: Automatic Ship Reporting 

 

The final version of this document will further describe how AIS/ASM (Automatic Identification System- 
Application Specific Message) satellite communications can be used to transmit specific data between ship and 
shore to facilitate information visibility in future maritime transport systems. The below Figure 45 describes an 
example of how VDES-ASM is used for transmitting vessels' report messages to authorized organization on 
shore. 

 

7 Prototype development ideas 
7.1 Hybrid terrestrial satellite communications 

Within the frame of the development of satellite terrestrial communication prototype it would be useful in this 
chapter to present some ideas in hybrid solution that can use hybrid satellite communications in logistics and 
more specifically in SELIS in order to enhance the telecom infrastructure that SELIS messages will be exchanged 
upon. Two projects dealing with notable work in this field are FP7 BATS and H2020 SANSA. 

7.1.1 BATS 

The BATS project addresses year 2020 and beyond when the projected demands for user Internet rates will 
exceed those of the project start by an order of magnitude. These demands are largely driven by the increasing 
requirements for video based services and the different ways that users will consume entertainment -e.g. 
social TV. However, there will be many other services, including the Internet of Things, which will bring new 
requirements for Broadband connections. 

As a precursor to the BATS project, in the following figure (Figure 46), Point Topic studies indicated that in a 
significant number of regions of Europe, more than 50% of premises, will lack access to superfast Broadband. 
Those locations where superfast Broadband is not available fall into two categories: 

 "Under-served": where Broadband is available but with a performance that falls below the Digital 
Agenda target, and

Figure 44 An example for testing ASM with automatic ship reporting 
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 "Unserved": where there is no Broadband access at all.

 

Additionally, the choice of networks available in some locations may be limited as illustrated in Figure 47. 
These are described as "unserved" where there is no BB access and “under-served where there is BB access 
which falls below the 30Mb/s target. 

Figure 45 Expected 2020 penetration of households with >30Mb/s BB access 

Figure 46 Locations where integration with satellite should assure > 30MB/s access 
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Figure 48 shows at a high level how the BATS Intelligent User Gateway (IUG) proposed by the project, supports 
each of these conditions. In urban areas, cable, fibre and mobile networks will meet the majority of needs. 
However, satellite may have an important role as a resilient back up for users that require high availability or 
for which lack of connectivity would be disastrous. 

Diversity of routing will become increasingly important. IP provided services are no longer constrained to 
specific transmission platforms (for example Smartphones have 2G/3G/4G and WiFi as well as Bluetooth for 
connectivity today). There is a clear move towards exploitation of a diverse and evolving range of seamless 
multi access transmissions over which the user can conduct IP traffic, often to financial benefit or in the 
interest of speed, or assuring availability at all times. Such approaches are applicable to Broadband services in 
general. 

Figure 47 Combinations of terrestrial and satellite access in un- and under-served places 
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The BATS architecture includes diversity of routing at both the Intelligent User Gateway at the user's premises 
and within the core network using an Intelligent Network Gateway (or Home Agent) to allow routing via the 
most suitable link (Figure 49). 

 

Considering the satellite feeder link diversity first: terabit/s satellite systems will use multiple high-gain spot 
beam antennas to give smaller, controllable areas of geographical coverage. This will enable frequency re-use 
of the spectrum used to communicate with a very large number of IUGs. These satellites are unlikely to include 
on-board routing of individual data packets: all communications from or to IUG will be consolidated within 
other traffic and routed to or from a ground station via a "feeder link". The feeder links are likely to use higher 
frequency radio spectrum because it can yield greater capacity. The feeder link may use the Q/V bands (37.5- 
38.5 GHz & 40.5-41.5 GHz) with a possibility that the feeder links could also operate at optical frequencies in 
order to reduce the number of gateways. 

The ground stations will be widely separated to give adequate separation for frequency reuse. However, this 
geographical separation can offer additional advantage: the Q/V and optical feeder-links can suffer outage with 
heavy precipitation, so it will be necessary to include a diverse routing capability to use an alternative feeder 
link and ground station under fading / outage conditions. One aspect that the project investigated is the overall 
architecture and the design of terrestrial networks to support High Throughput Satellite connectivity. 

Figure 48 BATS overall architecture, showing diversity of BB access and feeder links 
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7.1.2 SANSA 

The solution envisaged by SANSA in order to meet the project objectives, and especially to avoid the "capacity 
crunch" in backhaul networks, is based on a self-organizing hybrid terrestrial-satellite backhaul network 
operating at the microwave region (Ka band) based on the following key principles: 

 A seamless integration of the satellite segment into terrestrial backhaul networks 

 A terrestrial wireless network capable of reconfiguring its topology according to traffic demands 

 Spectrum coexistence between satellite and terrestrial segments. 

 

Why a satellite? Because the integration of the satellite component with the terrestrial backhaul network not 
only provides the evident benefits in terms of easy and cost efficient network deployment in rural or remote 
areas, but it also enables data off-loading from the terrestrial network, which in turn results in overall capacity 
increase. Besides, it also provides a new path for routing the traffic that increases the network resilience 
against link failures or congestion in hotspots. 

Why a self-organizing terrestrial network? Because it allows adapting the network topology to the traffic 
demands, routing the traffic to less congested links which results in a net capacity increase. It also provides the 
capability of skipping too congested or failed links for an improved network resilience. Besides, it enables the 
use of energy aware routing algorithms capable of reducing the overall energy consumption by setting 
different network nodes in sleep mode during low demand traffic periods. Moreover, it reduces the need of an 
exhaustive radio planning of the whole network. 

Why spectrum coexistence of the two segments? Because frequency spectrum is a scarce resource that should 
be used in the most efficient way. Satellite operators are already demanding more spectrum for other 
applications such as broadcasting, so there is not so much bandwidth left for mobile backhauling. SANSA will 
focus its research effort on Ka band where terrestrial backhauling bands of 18 GHz and 28 GHz are shared with 
the satellite-to-Earth and Earth-to-satellite satellite bands, respectively. The choice of this frequency bands 
have been made because they are already used in both terrestrial and satellite communications and current 
regulation already allows coexistence on a coprimary basis there. However, SANSA solution will be easily 
exportable to other frequency bands. 

Figure 49 SANSA Network 



D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 

© SELIS, 2016 Page | 128 

 

 

 

This solution entails many system design challenges that will  be  solved  by  the  development  of  the  
following disruptive technologies: 

 Low cost antenna beamforming solutions for interference management and network topology 
reconfiguration 

 Smart dynamic radio resource management techniques for hybrid terrestrial-satellite networks 

 Database-assisted shared spectrum techniques 

 Interoperable and self-organizing load-balancing routing algorithms 

 Energy efficient traffic routing algorithms 

 Satellite Multicast beamforming towards the terrestrial distribution network 

SANSA will rely in two key enabling components, which will be implemented and demonstrated in a proof-of- 
concept during the project: 

 Low cost smart antennas, which will be deployed in every terrestrial backhaul node enabling 
interference management through beamforming as well as network topology reconfiguration. 

 Hybrid network manager, which will be deployed in hybrid terrestrial-satellite nodes enabling the 
efficient use of all the network resources in order to improve capacity and energy efficiency. 

The aim of SANSA project is to improve the capacity, resilience, and coverage of mobile backhaul networks 
while maximizing their spectral and energy efficiency, in order to meet the Digital Agenda 2020 for European 
Union growth requirements. In particular, the specific objectives of SANSA project, which are perfectly aligned 
with the objectives set in the H2020-ICT6-2014 call, are: 

a) To increase the mobile backhaul networks capacity in order to avoid the so-called "capacity crunch" 

The changes in user trends and the appearance of new applications in recent years resulted in a huge 
increase of mobile traffic worldwide. For instance, mobile video traffic exceeded 53% of the total traffic 
in 2013, which in part caused a global traffic increase of 81% with respect to 2012. In order to face the 
unprecedented traffic demand predictions, the industry and research communities have targeted a 
1000x capacity increase by 2020. Therefore the aim of SANSA is to contribute to this 1000x capacity 
increase by conceiving novel backhaul solutions which will allow supporting the ever increasing 
mobile traffic in access networks. In this regard, the proposed self-organizing hybrid  backhaul 
network will allow much higher exploitation of all deployed resources by evenly balancing the load 
among terrestrial and satellite links. 

b) To drastically improve backhaul network resilience against link failures and congestion 

Besides the aforementioned traffic demand increases, mobile users require high Quality of Service 
(QoS) independent from their location, their context or the status of the network. This not only 
imposes some requirements on the access networks but also on the resilience of backhaul ones. For 
example, in traditional daisy-chain terrestrial networks, the network is as robust as it is one of their 
links, so the failure or congestion of one link causes the fall of the whole network. SANSA inherently 
provides a twofold solution for this issue. On one side, the capability of reconfiguring the terrestrial 
network topology will allow skipping failed or congested links. On the other side, the satellite provides 
a new path for the mobile traffic that could be accessed from different nodes of the terrestrial 
network. It is worth mentioning that this architecture can be very useful in disaster relief situations 
where parts of the terrestrial network may have been defected. 

c) To facilitate the deployment of mobile networks both in low and highly populated areas 

One of the main challenges that mobile network operators (MNO) are facing is the cost of deploying 
new network infrastructures in both low and high populated areas. In rural or remote areas, there is a 
scarcity of network infrastructure that requires a big CAPEX for the MNO. The use of satellite 
backhauling is a virtuous solution that has been considered in other European funded research projects 
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such FP7-BATS. However, the objectives of SANSA go well beyond this, since it also provides low cost 
deployment solutions in highly populated areas. In these scenarios, installing optical fiber could 
become extremely expensive (particularly when considering massive deployment of small cells in 
lampposts or building façades), whereas the use of high frequency high capacity wireless links requires 
line-of-sight (LOS) operation, which often results in wireless repeaters, and good antenna pointing at 
installation. Usually an exhaustive radio planning is needed, and once the network is deployed no 
changes can be done. SANSA provides a straightforward solution to these issues, due to the capability 
of reconfiguring the network topology, which is based on the deployment of terrestrial nodes equipped 
with smart antennas with beam-steering capabilities. Thanks to their self-pointing features, these 
antennas substantially ease installation cost by not requiring highly qualified personnel in the process. 
In summary, SANSA will demonstrate that ubiquitous backhauling with an affordable CAPEX is 
possible by employing an integrated terrestrial-satellite network. 

d) To improve the spectrum efficiency in the extended Ka band for backhaul operations 

In Europe, current CEPT recommendations assign the frequency bands of 19.7-20.2 GHz and 29.5-30 
GHz for exclusive Space-to–Earth and Earth-to-Space satellite communications, respectively. The band 
from 17.7-19.7 GHz is shared between Space-to–Earth satellite communications and terrestrial services 
(which corresponds to the usual 18 GHz backhaul frequency band). In this band, satellite receivers 
cannot claim for protection against terrestrial interferences. As a result, satellite operators use their 
exclusive bands for their uncoordinated user links and reserve the shared bands for feeder links, since 
there are fewer stations and have better isolation capabilities, due to their large reflector antennas. In 
contrast, the band from 27.5-29.5 GHz is split into several sub bands allowing either exclusive satellite 
(Earth-to-Space) or terrestrial (usual point-to-multipoint 28 GHz band) communications. The objective 
of SANSA is to develop novel interference mitigation techniques that will allow deploying satellite 
terminals dedicated to backhaul operations in the 17.7-19.7 GHz band without the need of occupying 
part of the satellite exclusive bands. In a similar way, they will be also deployed in the exclusive 
terrestrial sub-bands within the 27.5-29.5 GHz. This is well aligned with the actual trend of satellite 
systems of moving the feeder links to Q/V bands and using the Ka band for user links. The Ka band is 
targeted in SANSA since it currently allows the spectrum coexistence on a coprimary basis between 
both segments, but the results obtained in the project will be useful for other potential sharing bands 
as well. Specifically, SANSA will contribute the 10-fold spectral efficiency improvement targeted in 
the H2020 2014-015 work programme. 

e) To reduce the energy consumption of mobile backhaul networks 

Communication network infrastructure represented around the 11% of the ICT carbon footprint in 
2011, and the figures keep on growing, so novel techniques are needed to make the communication 
infrastructures more sustainable. The objective of SANSA is to develop ground-breaking traffic 
management algorithms for its self-organizing hybrid network, enabling selective node sleep modes 
and improving the energy efficiency of the whole backhaul network. SANSA will develop solutions to 
contribute to energy efficiency improvements of up to 30%. 

f) To strengthen European terrestrial and satellite operators market and their related industries 

European satellite operators have been successful in providing broadcast services (e.g. satellite TV), but 
they have not been able to obtain a relevant position in the mobile communication market, though 
several attempts have been performed at research and commercial levels. The objective of SANSA is to 
demonstrate that satellite segment is essential in mobile backhaul networks, and to provide a roadmap 
for bringing SANSAs’ solutions to the real world. This will not go in detriment of the revenue of current 
terrestrial operators. In fact, SANSA envisages a win-win collaboration among both segments that will 
reinforce the position of European satellite and terrestrial operators in the world. Terrestrial operators 
will be able to cope with the increase of traffic demands and will share part of the band licensing costs 
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with satellite operators, whereas the latter will take part of the mobile backhaul market. As a 
consequence, secondary markets related to the operators such as terrestrial equipment manufacturers 
or satellite terminal and network manufacturers, will also benefit from the new business opportunities 
created by SANSA. Finally, these new business opportunities will create new job openings that will 
benefit the European society. 

7.2 Prototype of Broadband for trains user scenario 

In order to validate the user scenario of broadband for trains previously described in section 3.2.1.5, where 
users or goods are using the capability of receiving and/or sending data while a train moves at fast speed and in 
remote areas, a prototype has been put in place and some tests have been carried out to prove the 
telecommunications system architecture. 

7.2.1 Demonstration of data transfer testing via satellite 

7.2.1.1 Objective  

The objective of this prototype is to demonstrate the feasibility of transferring sample data over an Avanti 
Hylas 2 satellite broadband link in an in-lab test environment. This was assessed by capturing real-time 
statistics and heuristics of the file transfer. 

7.2.1.2 Scope, Constraints, and Assumptions  

The test sent a sample data, a total of 1.1GB of binary data, which replicates a possible quantity of stored data 
consumption within a train side unit (TSU). The test considered the time constraints of the system – whether 
data will be sent on a regular or interval time basis. Also, the test assumed this to be every 3 hours. 

In addition to meeting the file size and time constraints, the file integrity needed to be maintained i.e. not 
corrupt or with missing data when it is received by the server at the satellite ground station datacentre. These 
constraints also underline the requisites for a successful test. 

It should be noted that, whilst the aim of the test was to transfer the file and maintain integrity, reliable 
transfer methodologies are considered out-of-scope at this stage. 

The assumptions made of the system are that the dish is installed correctly with its Es/No (Energy per Symbol 
to Noise Ratio) in an acceptable range and that weather conditions are normal. 

The tests were made via an Avanti standard Hughes satellite hub, modem and service plan. The hardware used 
for the test is a Hughes 9800 satellite broadband modem with a 74cm Ka-band dish, these components will 
represent the monitoring site VSAT. The maximum return-link performance of which is rated at around 
2.5Mbps (megabits per second). 

7.2.1.3 Description of test  

The test environment consisted of two separate locations. In Avanti’s London office there is a Hughes 9800 
Satellite modem connected to a 74 CM Ka-band dish, representing the TSU site VSAT. The WAN IP connection 
from the modem is connected to an Ethernet router and then to a Linux PC. The PC was used to upload the test 
data. In Avanti’s Goonhilly Earth Station there is a Linux server connected to Hughes broadband hub where the 
data is received after being sent over the satellite. We used three applications for testing: 

 A Java application on the client that created a byte stream and sent the data over a TCP socket. The 
server was set to listen on a specific port. 

 A Linux command line application, iperf, that did the same but allowed for streams to be stacked and 
sent in parallel. 

 A simple Apache Web server on the Linux PC and a HTTP GET request from the Goonhilly datacentre 
server. The server used the command-line application cURL to pull data from the client. 
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In Figure 51, the dashed box highlights the portion of the system represented during the test. 
 

7.2.1.4 Results of test   

During all tests the measured EsNo was between 10.74 – 12.0 dB. The theoretical expected value is rated at 
11.5 dB. The weather during the test was normal for London, overcast with a slight drizzle. 

The testing showed that, under nominal conditions, 1.1GB of data can be uploaded over satellite in 
approximately 1hr 17 minutes. Stacking the streams and sending in parallel offered no time benefits. The 
average received data rate during the upload was 2.08 Mbps. 

In addition to this, the other methods of transmission offered no immediate benefits and it appears that any 
application-layer intervention will not affect the underlying TCP layer transmission. 

The graphs below offer an insight into the bandwidth utilisation and performance during the test. The graphs 
are taken from the server at the ground station. The receive data rate is observed to be lower than the sent 
data rate. One explanation of this is TCP protocol overheads relating to data transmission or TCP protocol 
packet retransmission due to lost data. At any rate, the disparity between the sent data and received data is on 
average 1.5%. 

Figure 50 System architecture, test highlighted by dashed box 



D3.2 Hybrid satellite-terrestrial communications with mobile assets in difficult conditions (final version) 

© SELIS, 2016 Page | 132 

 

 

 

 
Figure 51 Test Case / Attempt 1 Measured from the Server 

 

In this case the file size was 569MB, total transfer time was 4589.3 seconds, and the average total receiver data 
rate was 2.08 Mbits/sec. 

In this case the file size was 550MB, the total transfer time was 4517.4 seconds, and the average receiver data 
rate was 2.04 Mbits/sec. 

7.2.2 Telecommunications infrastructure for operational deployment 

7.2.2.1 Objective  

The objective of this chapter is to describe a telecoms backhaul infrastructure using volume market broadband 
satellite equipment capable of carrying the data created by the monitoring equipment. Availability of an IP 
connection is assumed and the basic requirement is sending a 1.1GB data file every 3 hours. 

Figure 52 Test Case / Attempt 2 Measured from the Server 
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7.2.2.2 Description of operational scenario and required equipment   

Each site will be equipped with a satellite broadband terminal consisting of the following: 

 Antenna (typically 74cm) 

 Antenna mount (a pole fixed to a suitable point) 

 Radio unit (integrated on the antenna) 

 Coax cable 

 Broadband modem (designed for indoor use, thus needs a custom designed housing). 

The modem has a standard Ethernet interface (100/10bT autosensing) which carries the IP traffic. The traffic is 
usually carried to and from the Internet directly, alternative private network solutions can also be 
implemented. Figure 54 depicts the standard equipment. Alternative solutions from different vendors are also 
available. The final selection would be the result of a more detailed analysis. 

Typically, the data will be uploaded from the remote data gathering computer to a central server using a 
common IP protocol such as FTP or http. The satellite broadband system has significant amounts of link control 
and forward error correction ensuring a quasi-error free link as long as the data sent is within the design rate 
limit. The use of TCP/IP will ensure flow control between the end devices does not exceed the design rate  
limit. 

The satellite broadband terminal communicates via the satellite with a satellite gateway. For satellite 
broadband terminals in the UK the satellite gateway is in Cornwall. This gateway has multiple connections back 
to major data interconnection points of presence in London. The data can then be carried over the Internet or 
over a private network to the central data servers. 

Figure 55 illustrates how the production of 1.1GB of data every hour relates to monthly capacity (GB per 
month) and average data rate (kbps). 

Figure 53 Broadband satellite node alongside antenna and radio 
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Figure 54 Illustrative Data Capacity and Average Data Rate Calculation 

 

7.3 Maritime prototype 
7.3.1 Description of VDES/ASM Data Analysis – Case in Norway Fjord 

7.3.1.1 Objective  

This part generally aims to investigate the possibility of transmitting some binary data message between ship 
and shore by using the capability of existing AIS/ASM network. This network operates in the same band with 
VHF Data Exchange Systems (VDES). In remote or isolated areas, the distance to shore may be over the limit of 
VHF radio communication distance, the ones with VDES, AIS/ASM need to rely data exchange on the existing 
AIS messaging framework. At present, AIS messages are mainly exchanged with AIS base station on shore. 
Recent, AIS satellite, another component can help to extend the coverage by relaying AIS messages sent from 
vessels to the base station, and reversely. This means that in such situations, the VDES, AIS/ASM system all 
needs to rely on communicating with relevant satellites (e.g. AIS-satellite, VDES satellite). With the same nature 
features of these systems, AIS/ASM messaging performance can be representative for illustrating how existing 
AIS on-board a vessel works with existing AIS-satellite. 

7.3.1.2 Scope of AIS/ASM data analysis  

As explained above, AIS/ASM data analysis is to use for evaluating its capability when using existing AIS 
messaging system but working with satellite (not terrestrial AIS base station). The scope is to define the 
performance and issues or challenges of using AIS/ASM over AIS satellite in the cases for example lacking of 
traditional satellite links (Inmarsat, VSAT, Iridium, etc.) and the vessels are far from shore (e.g. outside of VHF 
communication range). In order to figure out this performance, AIS messaging received by both AIS base 
station and AIS-Sat was taken into account. 

The applications of this VHF based data messaging therefore include these but not limited at: 

 Maritime transportation (both small boats to large modern vessels) 

 Maritime logistics (conditions monitoring and surveillance) 

 Maritime distress message: as another backup communication channel. 
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The scope of this measurement and analysis is at Norwegian Fjord where a ferry moving back and forth 
between two points. The coordinates of these points are Lat/Lon: [63.686470/9.667278 63.638820/9.687741]. 
For simplicity reason of data collection and analysis, this scenario was selected for analyzing performance. 
Without any loss of generality, performances in other cases can also be similarly estimated. Another reason is 
that in proximity area around the operation of the Ørland ferry, there is an AIS base station and the traffic was 
low; so the perception of terrestrial AIS messages should be very high (assumed 100%). The relative ratio 
between the perceptions of AIS-Sat based messages and terrestrial-AIS based message can therefore be 
estimated as the percentage between the received and transmitted AIS message (in satellite performance 
case). This percentage reflects the performance of existing AIS when it has to relay data over AIS-satellite. 

7.3.1.3 AIS and AIS-Sat: Data analysis and its performance  

This section provides an example measurement and analysis regarding to both AIS terrestrial and satellite 
communications in Norway. These are useful references for predicting actual performance of the prototype for 
the areas having similar conditions. In other areas, a similar method can also be applied. For terrestrial radio in 
limited communication condition areas, using VHF based radio is a trend in maritime domain, and AIS 
messaging framework can be a good alternative in small data messaging. This is helpful for keeping a large 
portion of the fleets all over the world continuously reported, for instance the conditions of containers, their 
logistics and so on, by sending such small messages. For satellite communications, it is interesting to see the 
performance in the high North region (including the Arctic), so practical measurement results will be provided 
based on references from other relevant projects running at SINTEF Ocean. 

 

Figure 55 AIS Satellite -1 in Norway at LEO orbit 
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This section provides detailed analysis of how AIS messages were picked up by AIS satellite in Norway - AISSat-1 
(Romsenter, 2017) Figure 56. In general, an AIS message is detected by one AIS base station; sometimes it can 
be received by more than one base station. At the same time, this message can be detected by an AIS satellite, 
which will be forwarded to a ground station, where it will be collected and shared with others the vessel’s 
information. Theoretically, the rate of receiving AIS message by satellite will be much lower than the rate of 
message detected by AIS base station. This comes from the following reasons: 

 Satellite's coverage of LEO satellite is limited; one vessel can see a satellite only in about 8 minutes. 
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 Another problem is that the AIS satellite can fail to register data, even when in the radio range of the 
ship, because the ship antenna is constructed for horizontal radiation. It sends limited signal upwards, 
when the satellite is at its closest position to the ship. 

 There are also disturbances from electromagnetic phenomena in the atmosphere that can additionally 
reduce the reliability of the communication. 

7.3.1.4 Analysis of AIS Performance with a Ferry in Norway  

In order to evaluate the detection’s possibilities of AIS messages by satellite and base stations, this case study 
focuses on large sets of data collected from actual operation of a ferry in a fjord in Trondheim City of Norway. 
The reason of selecting this case is for simplicity in data analysis. This ferry carries passengers and vehicles 
between Brekstad (Lat/Lon: 63.686470/9.667278) and Valset (Lat/Lon: 63.638820, 9.687741) in Norway. The 
duration of a single trip is around 25 minutes and its route is plotted with green circles (Figure 57). Noticeable 
that there is an AIS base station located at Brekstad, so the possibility of AIS message transmitted from this 
ferry and received by this base station is high. In addition, marine traffic around this base station is not high, so 
collision of messages transmitting at the same time by the vehicles in its vicinity is low. 

 

 

7.3.1.4.1 Messaging Successful Ratio  

The analysis starts with a large AIS dataset provided by the Norwegian Coastal Administration's for both 
terrestrial (base station) and satellite (AISSat-1) in January 2015. For a better visibility in the plots, only data in 
the first 4 days of January was used for coming plots. As the minority of static data compared to dynamic one, 
dynamic data was selected for analysis from both data sources: AIS base station and AISSat-1. In this Figure 58, 
the total number of distinguishable AIS messages only transmitted from Ørland ferry were analyzed for the 
days from 01-01-2015 00:00 to 04-01-2015 23:59. The horizontal axis is the hours elapsed from the starting 
point and ending at 96 hours (full 4 days of data observation). Some messages can be simultaneously received 
by more than one base station but only distinct messages were counted in the analysis. The amount of AIS 
messages in every minute of those four days is shown in Figure 58. The red lines show the number of messages 
per minute detected by terrestrial VHF base station and the blue lines show the number of messages detected 
by AIS satellite (AISSat-1) per minute. The results show that during those days, 10 messages per minutes was 
the maximal amount for dynamic information from Ørland ferry and detected by Brekstad base station; whilst 
this amount is about 4-5 messages detected by AISSat-1. In average, per minute, there were around 7 
messages detected by the base station and around 2 messages detected by the satellite. The ratio between 
these amounts is therefore about 30%, which means around 30% of AIS messages transmitting from the ferry 

Figure 56 Route of Brekstad-Valset (Ørland) ferry in Norway 
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was detected by AISSat-1. This rate can be varied hourly because the actual amount of transmitted messages 
per hour depends on the course, speed of the ferry, and it is dependent on the satellite's position. In general, 
several hours before and after middle night, as the ferry does not operate or operate not often, the amount of 
messages transmitting in this period is minimal. 

 

Another result from this analysis is that, there are several visits of AISSat-1 per day to the area where the ferry 
is operating, maximum at 10 times and amongst these some orbits were consecutive (cover the area after 
every 97 minutes) (See Figure 59). This Figure 59 depicts three consecutive orbits of AISSat-1 when it was 
orbiting from North to South and one can see that the relative position between Ørland ferry and the satellite 
was changing as the Earth was also following its own orbit. This will be opposite in the other half of the day 
when one can see the satellite was moving from North to South when it cover the same area of Ørland ferry. 

 

7.3.1.4.2 Position and Time based Messaging Successful Ratio  

The relative difference between positions of the ground and satellite also contributes to the success rate of 
messaging messages. When the inclination angle between the ground and the satellite is low means the 
satellite is far from the vessel, the capability of a message successfully detected by the satellite will be higher 
than that at higher inclination angles (when the satellite is closer to the vessel). This comes from conventional 
features of standard VHF antenna radiation pattern. Due to VHF band has a long wavelength, it is preferable to 
use isotropic radiation antennas on both satellites and ground. As a result, the highest gain is at the horizontal 
direction whilst the lowest antenna gain is at the vertical direction. 

 

Figure 57 Number of AIS messages successfully detected by base station and AISSat-1 (Ørland ferry) 

Figure 58 Three consecutive orbits of AISSat-1 covers the Ørland ferry region (1 orbit: 97 minutes) 
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Message latency due to Moving Direction 
 

This relative movement between satellite (e.g. AISSat-1) and an object of interest on the Earth (e.g. Ørland 
ferry) has a significant effect on the possibility of relaying messages down to a ground station. At present, 
AISSat-1 is operating with only one ground station locating in Svalbard of Norway. The data message will be 
forwarded to the ground station only when ground station is covered by satellite. 

 
In the first half of the day, for instance, the satellite moves from North to South, then the satellite will meet the 
ferry (Ørland) after it meets the ground station (Svalbard). If so, the detected messages will have to wait for the 
next time when ground station can see the satellite (See Figure 60). This cause a delay that roughly equal to the 
orbit duration (approximated 97 minutes). If the satellite covers both the ground station and the point on the 
Earth, then the delay will be minimal because the delay is only the time for the satellite to forward the message 
to the ground station. So the delay due to relative moving direction between ground and satellite can ranges 
from several minutes up to the cycle duration of an orbit. In the reverse case, when the satellite moves from 
South to North, then the messages do have to wait for a short period for the satellite to move between Ørland 
to Svalbard. In fact, this period is only counted in minutes (for an example, at the time on Figure 61, the delay 
was about 7 minutes). 

 

Delay due to Coverage (at not high latitudes) 

Additionally, another delay raised by the limited coverage of satellite over the area the vessel was locating. At 
ground station location at 78.216ºN, 20ºE on the Norwegian Svalbard archipelago, the ground can see the 
satellite in every orbit (97 minutes) (See Figure 62), the duration of seeing per visit is around 8-9 minutes. 

Figure 59 When AISSat-1 moves from North to South (meets Svalbard (Right) before Ørland (Left)) 

Figure 60 When AISSat-1 moves from South to North (meets Ørland (Left) before Svalbard (Right)) 
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Figure 61 Periodical coverage of AISSat-1 at Ground station (Svalbard) [Source: SINTEF Ocean] 

 

However, at lower latitude for example at Ørland (63 degrees of latitude), the satellite can only meet a specific 
area (e.g. Ørland ferry this case Figure 63) on the Earth each orbit only in a half of the day. This effect exists 
because the AISSat-1 in Norway was developed mainly for managing maritime traffic in the High North regions, 
especially around Svalbard. Therefore, if the latitude is not so high, the chance of meeting the satellite will be 
low and such delay due to waiting time will be significantly increased. 

 

7.3.1.4.3 Conclusion  

The major contributions come from the preliminary analysis for AIS messages provided by Norwegian Coastal 
Administration for the Ørland ferry case in Norway in January 2015. At the ground station in Svalbard of 
Norway, it was always meeting the satellite in every orbit. At the Ørland ferry, it can be inside the coverage of 
the satellite in every orbit only in a half of the day. In the other half of the day, it was outside coverage of the 
satellite. In the case, the ferry meets the satellite in each orbit during a half of the day following possibilities of 
forwarding message to the ground station can be seen. Firstly, the message can be forwarded immediately to 
the ground station if satellite covers both the ferry and ground station at the same time. Secondly, it has to 
wait for minutes for the satellite to move to the ground station after having the message. Thirdly, it has to wait 
for up to a full orbit if the satellite has left the ground station after having received the message. Looking at the 
ferry, the direction of the satellite will switch between North to South and South to North after every a half 
day. 

Figure 62 Periodical coverage of AISSat-1 at Ørland ferry *Source: SINTEF Ocean+ 
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Another finding in this paper is that, around 30% of the messages was detected by the satellite (AISSat-1) when 
comparing to the amount of messages receiving by AIS base station (Brekstad station). Moreover, due to the 
feature of an isotropic radiation pattern for VHF band antenna, the rate of message successfully detected by 
the satellite is higher at lower inclination angles. The next step is to further bring the findings into development 
of a prototype that integrates AIS/ASM functions and conducting various measurements. These are actually the 
next phase of T3.1 of SELIS project. 

In more central region of the Earth, where there are many LEO satellites providing AIS services for the users, 
the possibility to be under good coverage will be high, so the ability of sending such messages to the shore will 
be significantly higher than in the areas have been tested. 

The next Section, an end-user Quality-of-Service (QoS) will be described with focus on Round Trip Time Delay 
(RTT) and its connection breaks occurring in the High North region during the measurement campaign, referred 
from MARENOR project (Sintef, 2012) managed by SINTEF Ocean. 

7.3.2 Maritime satellite performance – Case in the high North region 

7.3.2.1 Objective  

This part provides various evaluations coming from data analysis of measured data from a campaign done by 
MARENOR project. Data collection, analysis were conducted by SINTEF Ocean and other partners of the 
project. The objectivities were to evaluate the performances and reliabilities of the most common used 
satellite in maritime domain. With a focus on communications performance in the high North, Iridium was one 
of the main components in the measurements. At the same time, both GEO satellite, Immarsat and VSAT were 
also included in the campaign. 

7.3.2.2 Scope of maritime satellite performance measurements  

The measurements were made by a client-server system using TCP/IP connections established from a client 
computer using the satellite terminal to connect to a server computer located in Trondheim (See Figure 64). 
With intervals of about 5 minutes, small packet exchanges (less than 100 byte) was sent initially from client to 
server, back to client and finally to server or sent initially from server to client and back to server again. The 
first exchange gives two RTT measurements: C-CSC (Client Initiated: Client-Server-Client) and C-SCS (Client 
Initiated: Server-Client-Server) (Transaction initiated by client, message transfer from client to server and back 
to client again and, second, message exchange from server to client and back to server again). The second gives 
only one: S-SCS (Server Initiated: Server-Client-Server), RTT from server to client and back to server. Logging 
was done by measuring arrival time for each message at each site and storing the records at the server. 

This setup has some limitations: 

 Only one TCP/IP link is used, a long delay in one exchange may in some cases delay also the first leg of 
the next exchange. This turned out to have an impact on some C-CSC measurements. 

 Retransmissions on TCP/IP level increase RTT, but are normally caused by lost packages rather than 
high latency. 

 TCP/IP will break the connection after about 500 seconds if there are too many retransmissions. This 
will be registered as a lost connection. 

 Measurements of the length of connection breaks are uncertain as it only is detected when trying to 
write on the closed TCP/IP link. 

On the other hand, the use of TCP/IP reflects the use of the most common transmission protocol over Internet. 
Data measured is therefore representative of what the user may expect in a real setting. 

The expected RTT (E) is measured as well as the mean value of the RTT. Expected RTT is the estimated mean 
value for 95% of messages. Most tables will also provide the mean RTT, which is the arithmetic mean over all 
messages. 
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Figure 63 System architecture of measurement campaign between ship and shore 

 

7.3.2.3 Measurement campaign  
7.3.2.3.1 Measurement results and analysis 

7.3.2.3.1.1 Iridium end-to-end measurements  

 

For the detailed analysis of Iridium performance we are using the results from a client located at the Kjell 
Henriksen Observatory at Svalbard, at position 78o 8' 52.8'' N, 16o 2' 34.8'' E and height over the sea of 520m. 
Most data used in the analysis was collected from November 1st 2013 to July 21st 2014. This was a stationary 
satellite terminal and should be expected to behave better than ship-mounted terminals. 

 
Differences in expected RTT 

The C-SCS RTT is the most representative for steady state data exchanges. The results of the measurements are 
plotted as a histogram in Figure 65. The expected RTT is 1.32 seconds. The mean value of RTT is 1.46 second. 
The second lobe around 3.5 seconds is due to the first TCP/IP retransmits. 

 

Figure 64 RTT C-SCS – Client initiated, number of messages vs. RTT 
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For server-initiated exchanges, the result is quite different as shown in Figure 66. Here the expected RTT is 14.8 
seconds, more than 10 times the client-initiated exchange. The mean value is 16.8 seconds. 

 
 

 
 

Figure 65 RTT S-SCS – Server initiated - Number of messages vs. RTT 

 

Also in this plot, one can see the first TCP/IP retransmission at around 30 seconds. The shape of the first 
distribution is also quite close to a Gaussian distribution, which may mean that the satellite system does not do 
adaptions on the radio-link transmission protocols nor performs radio-link level retransmits. 
 

Some variance in RTT 

As observed in the previous section, there is a certain variance in the RTT. Table 76 shows some of the effects 
of this in terms of percentage long RTTs for various time values in the three exchange patterns. Note that the 
discrepancy between the expected and mean RTT for the client initiated CSC exchange probably is caused by 
delays in the previous S-SCS exchange and queuing artefacts caused by the use of TCP/IP. 

 

Table 75 Distribution of long RTT 

Client initialized Server init. 
 SCS CSC SCS 

Expected RTT 1.32 1.33 14.8 

Mean RTT 1.46 3.50 16.77 

% RTT>2.5s 3.6% 9.5% 97% 

%RTT>5s 0.5% 3.9% 96.5% 

%RTT>10s 0.27% 3.2% 94% 

%RTT>20s 0.19% 2.4% 9.1% 

%RTT>40s 0.13% 1.52% 2.1% 

%RTT>100s 0.02% 0.95% 1.1% 
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Significant number of connection breaks 

Another observation from the measurement campaign is that there is a significant number of connection 
breaks. Figure 67 plots the number of connection breaks per 24-hour period over the registration period. 

 

 
 

Figure 66 Number of connection breaks per 24-hour period at Svalbard 

 

The numbers of breaks for different duration categories are shown in Table 77. A few breaks due to restart of 
client or server programs have been removed from the data. The connection breaks patterns vary over time. In 
the second half of the period, we find three to four breaks per days. In other periods, the connection functions 
without interruption up to 17 days. 

 

Table 76 Duration of and Number of Breaks Nov 1st to Jul 21st 

Duration Number of Likelihood per day 

< 300 s 29 11% 

300 s – 600 s 224 85% 

600 s – 1200 s 197 75% 

1200 s – 3600 s 12 5% 

> 3600 s 12 5% 

All 474 180% 

 

7.3.2.3.1.2 VSAT end-to-end measurements  

A similar measurement campaign was done with a ship VSAT system while operating in the Barents Sea. The 
ship used Ku-band transmissions via the Astra 4A satellite, located at 4.8ºE. 

Due to various technical and operational problems, measurements are not directly compatible with Iridium 
results as they cover different periods and different operational scenarios. The period from which 
measurements were analysed was February 19th to June 28th 2014. The ship was moving between 69 to 82° N 
and 11 to 33° E in this period. 

There were in total 48 connection breaks in the period, one associated with a client restart, 8 with far north- 
west positions (75° N, 31°E) and the rest with latitudes above 78° N. It is assumed that all these breaks are due 
to the ship going out of the satellite beam, either by being too close to the horizon or moving too far east. 
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Outside these areas, there were no connection breaks other than a few caused by server or client restart. 

A total of 9855 data points was collected. The resulting histogram of RTTs below 5 seconds did not vary much 
between the different exchanges (S-SCS, C-CSC, C-SCS). Figure 68 shows the combined histograms for all three 
messages exchanges. 

 

 
 

Figure 67 Histogram, 5 first seconds of VSAT C-CSC, C-SCS and S-SCS RTTs 

Note that the form of this histogram, compared to that for Iridium, has a much more pronounced tail and no 
easily discernible TCP/IP retransmissions. This may indicate that the satellite systems do adaptive changes on, 
e.g. the modulations or forward error corrections on the radio-link to compensate for lost packages or low 
signal-noise ratio. This will increase the number of successful transmissions at the cost of more variance in the 
RTT. The distribution of RTTs is listed in Table 29. 17 RTTs are longer than 100 seconds, the longest is 616 
seconds. Also here there is a possible small error in the C-CSC exchange measurements as they may be 
influenced by long C-SCS RTTs due to TCP/IP queuing. 

 

Table 77 Distribution of RTT for VTT 

Client initialized Server init. 
 SCS CSC SCS 

Expected RTT (s) 0.67 0.67 0.70 

Mean RTT (s) 1.42 1.60 1.54 

% RTT>2.5s 8.9% 9.7% 8.7% 

%RTT>5s 3.8% 4.5% 4.0% 

%RTT>10s 0.5% 0.7% 0.7% 

%RTT>20s 0.27% 0.29% 0.24% 

%RTT>40s 0.15% 0.14% 0.12% 

%RTT>100s 0.04% 0.07% 0.06% 
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It is somewhat surprising that results are as good as they are as operation above 65-70 degrees north is not 
normally recommended for Ku-band. However, the relatively high variance in RTTs may be explained by more 
adaption of the satellite channel to compensate for reduced signal-noise ratios as noted above. 
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We have also made less systematic analyses of other satellite systems at lower latitudes and they show lower 
variance in RTTs. In general, we suspect that results will vary much between different service providers and 
satellites. 

A simple correlation analysis have been done to see if there is any dependency between position and RTT 
length, but this is not significant in the data presented here. There seems to be a higher occurrence of long 
delays about 78°N, which corresponds to the observations on connection breaks. This is obviously on the limit 
of the area where one can expect this VSAT system to function at all. 

7.3.2.4 Conclusion  

The measurements (conducted in MARENOR project) show that there are variations in satellite system 
performance that may have impact on certain types of operations, particularly those requiring high reliability 
and constant or low latency. These problems are much more evident with the Iridium system, but are also 
apparent in VSAT systems. The measurements show a large number of connection drops from Iridium in  
certain periods. These are normally short and can be managed in most operational scenarios. However, large 
file transfers over Iridium should use a restart-able protocol to avoid that large amounts of data are discarded 
when the connection goes down. Iridium also experiences a few longer connection breaks, on the order of one 
hour. These are relatively rare, but can be inconvenient in some situations. 

The examined VSAT system gives an expected round-trip time (RTT) of around 700 ms while the mean value is 
around 1.4 s in our measurements. This means that there is a significant variance in latency. The corresponding 
figures for Iridium are 1.3 s for expected and between 1.5 and 3 for the mean RTT. Iridium has an additional 
problem in having a very long RTT for the first message exchange initiated from an Internet based station, 
sending to the Iridium terminal. In this case, the first RTT for Iridium has an expected duration of ca. 15 
seconds. 

Limited measurements on the examined VSAT system show that it gave stable performance up to about 78°N 
while Iridium gives a somewhat more irregular service worldwide where quality show little or no correlation 
with latitude. 

 

7.3.3 Integration of VDES / ASM-AIS 

7.3.3.1 Description  

This prototype for maritime domain should include existing terrestrial radio (WiFi, WiMax, Mobile (3/4/5G, and 
typical maritime VDES/AIS/ASM) and maritime satellite carriers (Inmarsat, VSAT, Iridium). 

The prototype includes both hardware and software parts. It will be responsible for scanning and optimally 
selecting the best carrier based on communication demands (and possibly other cost demand) of the vessel. 

Regarding to VDES/AIS/ASM, the prototype needs to have a physical connection with VHF antenna of existing 
AIS network. The software part needed to be written to send data under ASM message format and use the VHF 
radio channel defined for existing AIS or dedicated ASM channels. 

Another part of the prototype is for scanning all potential satellites. The main features needed to be read are 
the availability, coverage (now and prediction for future time), quality, bandwidth as well as cost for data 
usage. The software also needs to estimate the best satellite link based on those inputs and the actual 
requirements of the data from the vessel. 
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8 Evaluation of Enhanced Communication Systems – Hybrid Satellite-Terrestrial 
Communication 

8.1 Technical Specification 
 

This section describes a hybrid satellite-terrestrial communication system set up in lab at Avanti to 
demonstrate the value-add of ubiquitous communication and evaluate/compare both telecommunication 
options using performance indicators that include delay, jitter, packet loss, throughput, and bit error rate as 
applicable. 

 
     The high-level architecture of the test bed is shown in Figure 68 below.  

 

 
Figure 68: Hybrid Satellite-Terrestrial Telecommunication Network for Testing at Avanti Premises 

 

A description of the main modules/artefacts, in Figure 69 above,  that will be used as part of the proposed 
test-bed are shown in Table 78 below.  
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Table 78: SELIS Evaluation of Enhanced Communication Systems Technical Specification 

# Module or artefact 
name 

Brief description of purpose Archetype   

1 Server for data 
transmission  

Standard pc with fixed sized data packets to be 
transmitted via terrestrial and satellite channels.  

HP Elite Book laptop 

2 Load balancing 
router  

For transmitting data between satellite and 
terrestrial channels 

Ekinops multi-service 
router 

3 Omnidirectional 
antenna  

Ku or Ka-band terminal on a vessel for broadband 
access via satellite when out of range of cellular 
communication.  

JRC JUE60-KA 

4 Satellite  In-orbit asset for satellite based data relay 
between sender and receiver.  

Inmarsat Global 
Xpress  

5 GES Standard GES based on satellite operator Standard GES based 
on satellite operator 

6 Data centre  Data centre located GES including hub equipment 
for data transmission and reception  

Standard data centre 
hosted at satellite 
operators GES 

7 Server for data 
reception   

Standard pc for receiving with fixed sized data 
packets sent via terrestrial and satellite channels.  

HP Elite Book laptop 

For the the specific test bed at Avanti, we have used Avanti’s HYLAS 4 satellite and GES in Goonhilly, 
Cornwall as well as the following equipment: 

I. Hughes VSAT antenna (74cm) and LNB. 

II. Hughes HN9800 satellite modem. 

III. Coax cabling. 

IV. Buffalo AC1750 Gigabit Dual Band Wireless Router. 

V. D-Link DWM-222 4G LTE Dongle with USB interface.  

The test bed is flexible and will accommodate other/additional equipment as necessary. 

 

8.2 Evaluation of Enhanced Communication Systems Demonstration Cases 

The use cases that are intended to be demonstrated using the test-bed are shown in Table 79 below. 
Additional use cases can be demonstrated as required.   
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Table 79: SELIS Evaluation of Enhanced Communication Systems Demonstration Use Cases 

# Applicable Living 
lab Community  

How Living Lab Community Benefits from 
Ubiquitous (satellite-terrestrial) 
Communication Availability  

Demonstration use case   

1 Transport and 
Logistics 
Authorities 

Real-time information on location, ETA and 
cargo manifest  

Fixed size file comprising 
location, ETA and cargo 
manifest sent to receiver via 
satellite and terrestrial 
channels. 

2 Shippers and 
Retailer centred 
communities 

Cold chain monitoring of status of cargo at all 
times. 

Fixed size file comprising sensor 
information on temperature of 
goods and location of vessel 
sent to receiver via satellite and 
terrestrial channels. 

3 Freight 
Forwarders 
centered 
communities 

High value cargo monitoring   Fixed size file comprising sensor 
information on location of cargo 
(irrespective of mode of 
transport) sent receiver via 
satellite and terrestrial 
channels. 

4 Port centered 
communities 

Real-time availability/exchange of vessel voyage 
plans (ship-to-ship and ship-to-shore) to 
improve safety. 

Fixed size file comprising voyage 
plans and location of vessel sent 
to receiver via satellite and 
terrestrial channels. 

5 Shipping 
communities 

Distress signaling using AIS/ASM Fixed size file comprising 
AIS/ASM distress message sent 
to receiver via satellite and 
terrestrial channels. 

Table 80 above describes oly a subset of the demonstration cases that can be tested and analysed using 
the test bed. Additional user defined demonstrate cases, not document in this deliverable, can also be 
tested and the results analysed using the test bed.  

It must be noted that automated hand over management between satellite and terrestrial channels will 
not comprise part of the testing exercise for this project.  
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9 Conclusion 
This document is final version of the hybrid satellite terrestrial communications with mobile assets in difficult 

conditions deliverable. Within this deliverable, we have presented the methodology, the user scenarios and the 

user requirements for terrestrial and maritime communications. Furthermore, a GAP analysis of the existing 

and future technologies applicable to the logistics has been undertaken. Based on the requirements and user 

needs, a system architecture has been proposed along with prototype development concepts covering both 

terrestrial and maritime logistics scenarios. 

More specifically in chapter 1, the scope of the document, the structure and compliance to the DoA have been 

presented. In chapter 2, there has been the analysis methodology used. Different evaluation criteria for 

different application cases based on requirements such as bandwidth, regulations, criticality and latency. In 

chapter 3, we have connected the different users from living labs with scenarios that are relevant to 

communications leading to first link between the logistic industry’s needs and applicable terrestrial and 

maritime communications scenarios. 

The next step in chapter 6 has been the GAP analysis in which the current status in terrestrial and maritime 

communication systems that can be used to support logistics has been identified as well as future systems and 

platforms and how they can support logistics as a vertical. It is worth mentioning that logistics as a vertical is 

expected to be part of 5G and underlying technology is going to support IoT, bandwidth hungry as well as 

latency sensitive applications through mMTC (massive Machine Type Communications) , eMBB (enhanced 

Mobile Broad Band) and URLLC(Ultra Reliable Low Latency Communications). 

A proposed SELIS telecommunications system architecture has been presented and analysed in chapter 6. In 

chapter 7 different implementation ideas for a hybrid network for the terrestrial and the maritime scenarios 

have been presented. Hybrid satellite terrestrial connectivity projects like FP7 BATS and H2020 SANSA along 

with some prototype for broadband connectivity for trains as well as work in the maritime sector like 

VDES/ASM data analysis in a fjord in Norway and a maritime satellite performance evaluation in a high North 

region. 

Chapter 8, describes a hybrid satellite- terrestrial test bed set up within a laboratory environment to 

demonstrate the benefits of ubiquitous communication in logistics and for undertaking tests as well as 

comparison measurements of the two channels using applicable Key Performance Indicators (KPI).    
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11 Annexes 
11.1 LLs descriptions 
11.1.1 LL1 description - DHL 

LL1 is keen to address company’s primary concern on disconnected customers’ orders, from several industrial 
sectors, placed in different areas around Spain. DHL is also in need of a comprehensive tool to visualize 
available capacity in the network and thereby allow them the optimal allocation of transport demand in real 
time. The same lack of visibility poses a challenge in estimating how to allocate future demand and allocate 
optimal pricing in tenders. In the past, in several occasions capacity was overestimated leading to 
disproportional costs due to forced outsourcing of excess capacity. 

11.1.2 LL2 description – Port of Rotterdam 

LL2 deals with the containers delivered by sea to the Port of Rotterdam, and their planning of the in-land 
transport towards inland terminals and finally consignees located in the EU hinterland by means of multimodal 
transportation, as a combination of rail, road or barge. Typical problems addressed in this LL2 concern 1) the 
overall difficulty in coordinating and predicting the arrival of containers to the Port of Rotterdam and their 
consequent departure to the inland terminal, 2) the lack of visibility of real-time availability and performance  
of hinterland transport connections, 3) the lack of visibility of the containers moved from terminal towards the 
hinterland, and especially reefer containers. 

11.1.3 LL3 description 

Three companies with different geographic scope are part of LL3, SUMY in Belgium, Zanardo Logistica in Italy, 
and SARMED in Greece. 

11.1.3.1 LL3 - SUMY  

SUMY is a sustainable urban logistics provider that is proposing consolidated off-hours and night distribution 
deliveries. The transport chain is composed out of several transportation legs and therefore requires efficient 
coordination between the long distance, regional and last mile transportation. SUMY is lacking a 
communication channel between main stakeholders, resulting into sub-optimal planning and  delays. 
Moreover, the specific conditions in which the urban freight transport is taking place are affected by disruption 
risks like for instance congestion, road works and strikes. Furthermore, Sumy transports temperature sensitive 
cargo which implies any risk related to temperature excursions has to be carefully monitored and managed 
since this may lead to significant impact on product quality. 

11.1.3.2 LL3 - Zanardo Logistica  

Zanardo Logistica LL focuses its transport operations in the North-East part of Italy, addressing three main 
topics: lack of visibility of transport operations, lack of integration of external carriers into a transport 
outsourcing platform and lack of visibility about carriers’ background information. This last item has led in the 
past to incidents, such as traffic accidents or usage of stolen trucks picking up goods. 

11.1.3.3 LL3 - SARMED  

SARMED is a pioneering Greek company offering a full range of supply chain services. Company’s lack of 
visibility of the supply chain status from their regional distribution centres to the retailers, significantly limits 
their capability to optimize those deliveries. 

11.1.4 LL4 description - North Germany Hinterland 

LL4’ concerns are on container deliveries by truck that are often less predictable than train and barge which 
makes it difficult to plan yard-based equipment and storage capacity. Due to the general perception of a lack of 
operational reliability, a lower maturity level of planning processes and a lack of monitoring capabilities 
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(visibility) in IWT, road transport is often preferred. In addition, truck traffic in urban port areas is increasingly 
less accepted and barge handlings interfere with large container vessels at the quayside of the terminal. Hence, 
the LL aims to develop new visibility services along with an advanced planning solution for Hinterland Hub 
based inland waterway transport (IWT). 

11.1.5 LL5 description – Adria Kombi 

LL5 focuses on two main issues: lack of container status visibility due to unreliable communication and manual 
information sharing, and non-optimal utilization of wagon-sets’ capacity for the same reasons as well as due to 
lack of an intelligent mechanism to identify relevant opportunities. Status of shipment is currently in most 
cases checked via phone calls and e-mails leading to extraordinary slow and inefficient processes and 
operations, and thereby higher transaction costs. The second issue concerns the lack of optimization of wagon- 
sets utilization, due to unreliable ETA calculations and no analytical mechanism to provide intelligent 
suggestion of alternative utilization options, along with accurate computation of the respective environmental 
impacts. 

11.1.6 LL6 description - DFDS 

DFDS addresses two main problems. The first is related to lack of visibility of customers’ shipments. More 
specifically, customer shipments are currently not fully tracked electronically and information is not available 
across different transportation modes in the DFDS logistics network, including the following transport assets: 
trailer/trucks, rail, ship, terminal/tugs. Furthermore, DFDS experiences an overall difficulty in optimizing 
planning and scheduling of trailers for last mile distribution to customers. The significant number of empty 
trailers moving in the network is seen as an opportunity to cut costs and inefficiencies, while improving the 
utilization of capacity. 

11.1.7 LL7 description - CONEX 

LL7 main focus is on B2G (Business to Government) data exchange and issues related to e-compliance to 
regulatory frameworks. Hence, three main needs are addressed: 1) how to get better quality data in the Supply 
Chain at the right time, 2) how to allow multiple platforms to exchange information captured at the source and 
finally 3) how to streamline the operations at entry borders. 

11.1.8 LL8 description 

LL8 is composed for two companies, ELGEKA and SONAE. 

11.1.8.1 LL8 - ELGEKA  

ELGEKA experiences two main problems: 1) lack of visibility of delivery status and ETAs and 2) cash flow 
inefficiencies, taking into account that at the moment in Greece cost for obtaining working capital is increasing 
the risk for unsettled transactions. 

11.1.8.2 LL8 - SONAE  

SONAE has two main challenges: a) limited visibility of stock availability and sales forecast upstream the supply 
chain, leading to increased uncertainty and b) the use of buffer inventories across the whole supply chain, 
along with insufficient visibility of the payments schedules to suppliers, especially in medium-term. 

11.2 Communication coverage details 

This annex gives some background to the definitions of geographic coverage for maritime communication, 
specifically the GMDSS (Global Maritime Distress System) services. 
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11.2.1 GMDSS Sea Area A1 

An area within the radiotelephone coverage of at least one VHF station in which continuous digital selective 
calling (ch70) alerting and radiotelephony services are available. 

11.2.2 GMDSS Sea Area A2 

An area, excluding Sea Area A1, within the radiotelephone coverage of at least one MF coast station in which 
continuous DSC (2187.5 kHz) alerting and radiotelephony services are available. GMDSS-regulated ships 
travelling this area must carry a DSC-equipped MF radiotelephone in addition to equipment required for Sea 
Area A1. 

11.2.3 GMDSS Sea Area A3 

An area, excluding sea areas A1 and A2, within the coverage of an INMARSAT geostationary satellite in which 
continuous alerting is available. Ships travelling this area must carry either an Inmarsat F77, B or C ship earth 
station, or a DSC-equipped HF radiotelephone/telex, in addition to equipment required for an A1 and A2 Area. 

11.2.4 GMDSS Sea Area A4 

The area outside that covered by areas A1, A2 and A3 is called Sea Area A4. Ships travelling these Polar Regions 
must carry a DSC-equipped HF radiotelephone/telex, in addition to equipment required for areas A1 and A2. 

 

11.3 Mobile Satellite Systems (MSS) 
11.3.1 On L-band 

Since its founding in 1976, Inmarsat has been a reliable provider of satellite communications services to the 
maritime community. Inmarsat owns and operates a network of L-band satellites in Geo-stationary orbit 
(35,786 km altitude) and gateways connected to public networks. Inmarsat’s system design has traditionally 
been in-house and they have created their own proprietary products, generating traffic on their satellites. 
Inmarsat takes an active role in operations, distribution, and sales, but still considers itself as a “wholesaler” 
based on a wide international network of distribution partners. 

Inmarsat provides a wide range of maritime services over their L-band satellites. Inmarsat-C is a low-rate 
messaging product that was launched in 1992, and that typically forms part of the equipment set-up for 
GMDSS vessels. Fleet Broadband is a family of broadband products launched in 2007, designed for the 
Inmarsat-4 satellites and providing 3G-type services up to 500 kbps. [/9/, /76/] 

The strengths of the current Inmarsat products are reliability, coverage, and a streamlined way of delivering 
services. Inmarsat is the dominant player, with ~90 % market share within mobile satellite systems (L-band). 
[/7/] 

Like Inmarsat, Iridium is an L-band satellite operator, but Iridium’s satellites are in Low Earth Orbit (LEO), at 
approximately 780 km altitude. Iridium became operational in 1998 with a constellation of 66 satellites. The 
Iridium satellites can communicate directly with neighboring satellites via Inter-satellite links (ISL), thus 
reducing the need for gateways and on-ground switching. The satellites have an orbital speed of 27000 km/s, 
use 100 minutes to orbit the earth, and approximately 8 minutes to cross the horizon as seen from a fixed 
location on the ground. This creates system challenges such as Doppler effects, and satellite handovers during 
user sessions. Iridium’s key strength is that the constellation of constantly moving LEO satellites provides 
continuous coverage over the entire surface of the Earth, including Polar Regions. [/8/] 

Thuraya is a regional L-band system using two Geo-satellites, providing maritime products such as OrionIP, with 
IP data capabilities that are similar to those of Inmarsat’s Fleet-Broadband. [/27/] 
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OrbComm operates a satellite network of 29 LEO satellites at 775 km altitude, optimized to support M2M 
(machine-to-machine) applications. Unlike the other MSS providers operating in L-band, OrbComm is the only 
licensee operating in 137-150 MHz VHF band, which was allocated globally for “Little LEO” systems. */4/+ 

 
Barriers 

The MSS satellite communications market suffers from poor competition, with Inmarsat as the dominant 
player, partly based on its unique position in GMDSS. 

Given the market situation and the relatively little bandwidth available for MSS systems on L-band, user data 
rates are relatively limited and prices are quite high. Inmarsat and Iridium have done a good job in making 
products that provide a few hundred of kbps, but at high charges and with comparatively limited throughputs 
compared with very small aperture terminal (VSAT) systems and terrestrial options. 

Regulations and standards are trailing behind technological and commercial developments. The only MSS 
product with any substantial status within GMDSS is Inmarsat-C. This was launched in 1992 and is limited to 
messaging applications. Regulators have not yet utilized MSS products’ broadband capabilities to enhance 
safety, navigation, and to protect the environment. Despite unique Polar coverage and success with voice and 
M2M tracking applications, Iridium has taken 17 years to become considered for inclusion as a GMDSS 
operator. 

Finally, lack of available spectrum on L-band is a barrier that will constrain further growth of these systems and, 
as a result, MSS operators like Inmarsat and Iridium are moving to higher frequency bands for their new 
systems. 

11.3.2 New systems and innovations 

Due to the lack of spectrum, new large-scale investments or future deployments in broadband capabilities at L- 
band should not be expected. L-band MSS products will still have an important role in the future, but for any 
new developments the emphasis is likely to be on narrow-band messaging and tracking applications with 
smaller terminals, while higher frequency bands (VSAT Ku and Ka) will be the main arena for broadband 
developments. 

11.4 Terrestrial-based mobile communications 

It has enjoyed enormous growth for land users over the last two decades, and base stations along the coast 
handle maritime traffic. The current 3G coverage extends out to around 10 nautical miles (nm), whilst 2G 
services reach out 20 nm and even further in some places. [/21/] Given appropriate power and antenna 
configuration and the use of 800-900 MHz band, 4G (LTE) services may reach 100 km (50 nm), although with 
reduced data rates. Whilst typical 3G data speeds are in the order of a few Mbps, new 4G technologies such as 
LTE can provide over 100Mbps. [/17/] 

Although these coverage ranges are slightly shorter than VHF for plain voice communications, the cellular 
systems provide useful data connectivity for smaller vessels, such as yachts and fishing vessels, travelling along 
the shore. They are also a valuable alternative for deep-sea cargo vessels approaching or leaving port, should 
the VSAT be blocked from view of the satellite due to mountains, buildings, or other obstructions. 

There are also other mobile broadband concepts at the national and regional levels. One example is ICE, a 
Scandinavian mobile broadband service using code division multiple access (CDMA) over 450 MHz, the band 
previously used for analogue mobile telephony. Due to the propagation characteristics of this band, maritime 
coverage may reach as far as 120 km from shore, with healthy data speeds in the Mbps range. [/26/] 

Wi-Fi is another terrestrial mobile technology that plays a significant role, at least on a “hot spot”-basis. Wi-Fi is 
defined as wireless local area network (WLAN) products based on the IEEE 802.11 standards and use on non- 
regulated spectrum at 2.4GHz and 5GHz [/75/]. In recent years there have been several examples of Wi-Fi- 
network deployment in ports e.g. Vladivostok (Russia), Rotterdam (Netherlands) and Auckland (New Zealand). 
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[/25/] Such IP zones are typically set up by flag states or port authorities to facilitate mandatory reporting, e.g. 
port clearance, or by telecom operators to provide Internet access as a paid service. As Wi-Fi is unlicensed, 
service offerings can be established very cost effectively, with low or no user charges. WiMAX (Worldwide 
Interoperability for Microwave Access) is another interoperable wireless communication standard (IEEE  
802.16) that has been used by the Maritime and Port Authority of Singapore (MPA) to provide a subscriber 
service called WISEPORT in Singapore port, based on licensed spectrum on 2.3 GHz, providing 15 km coverage 
and download data rates in the range of 512 kbps-8 Mbps.[/23/,/24/] 

 
Barriers 

Terrestrial systems have some natural coverage limitations that mean that they are unable to support vessels 
during the “deep sea” part of their voyages, so for most vessels a terrestrial mobile communication capacity is 
only relevant as part of a communication mix, i.e. one out of several communication options. 

Unlike operators of the legacy radio systems, terrestrial-based cellular operators are both commercially 
focused and technologically advanced. However, their primary focus is land-based users and applications, 
implying that the maritime segment is not prioritized regarding rollout strategies and applications 
development. 

The 3GPP standards are expected to drive future mobile terminal development, which means that terminal 
cost and availability will be experienced as a barrier for other variants of mobile technologies that deviate from 
the mainstream standards. With the global adoption of 3GPP-defined 4G/LTE technologies, this will be a 
challenge for technologies such as ICE and WiMAX as these require special modems. 

Wi-Fi remains a highly capable and cost-effective option for “hot spots”, but any unlicensed band brings with it 
quality of service related challenges. According to research by the Greenwich Maritime Institute, cybersecurity 
concerns are the main reason for the slow uptake of Wi-Fi and WiMAX networks in ports [/25/]. 

 
New systems and innovations 

An interesting recent development is deployment of mobile picocells on board vessels. These concepts are 
based on establishing a 2G/3G base station (picocell) on board the vessel, enabling access to 2G/3G capable 
devices by standard roaming functionality. On-Waves (Iceland) [/29)] and Maritime Communications Partner 
(MCP) (Norway) [/30)] are two companies delivering such solutions, which have become quite popular within 
the passenger / cruise segment. The key advantage with these systems is that users can simply use their 
personal cellular devices, but usage is relatively expensive due to the use of VSAT backhaul and international 
roaming charges. 

MCP is also involved in another interesting deployment of mobile technology in the maritime sector, as they 
are planning a rollout of a LTE (4G) network on the Norwegian continental shelf. [/22/] The main objective is to 
provide communication for people and systems on the platform, but with a service coverage radius of up to 30- 
40 nm of the surrounding sea areas, many passing vessels may also benefit from the service, which will be 
accessible by standard cellular equipment and roaming functionality. Such an offshore 4G-network will make it 
possible for offshore supply vessels to remain within 4G-coverage during offshore operation, as well as during 
much of the time in-transit to and from port. 

It is not only telecom operators who recognize the 4G offshore opportunity; in a recent spectrum auction in 
Norway, the oil and gas operator, Statoil, acquired a license for 10 MHz of 4G spectrum in the 900 MHz band 
for the Norwegian continental shelf. [/50/] 

Innovations using unlicensed Wi-Fi technologies should also be expected. With solutions addressing 
cybersecurity and quality of service, the importance of IP zones in ports may increase in the maritime 
communication mix. 

Ongoing research is investigating the deployment of Wi-Fi technologies in different ways. Hazra and Seah 
(2010) defined a mesh network concept in which Wi-Fi links were deployed as part of a wireless backbone 
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infrastructure. Mesh nodes, consisting of a Wi-Fi base station and highly directive antennae, are mounted on 
buoys to provide connectivity by multi-hop to vessels approaching or departing port. [/51/] 

Another barrier is traffic costs. Although the user’s investments in terminals are attractively low, the operator’s 
investments in terrestrial base stations and licensed spectrum will require payback through the user’s traffic 
bills. Anyone travelling abroad with a mobile phone has learnt to be cautious in order to avoid hefty 
international roaming charges. 

 
Navigation aid and reporting to authorities 

Navigational aid and reporting to authorities Communication is also used as a navigational aid and for 
mandatory reporting to maritime authorities. Examples include: ¾ Two-way voice communication (by radio or 
satellite): this is, by itself, an essential navigational aid as it enables navigators on the bridge to exchange 
information with other vessels or shore based parties about route choice, weather, or navigational hazards. ¾ 
Automatic Identification System (AIS): AIS messages containing vessel ID, position, course, and speed, are 
transmitted on dedicated channels in the VHF band for collision avoidance purposes. AIS messages are received 
by nearby vessels or AIS base stations, and, in recent years, a satellite overlay has been added (S-AIS) to 
increase coverage. ¾ Long-range identification and tracking (LRIT): this system requires vessels to report their 
ID position to their flag administration four times a day, typically done over satellite. ¾ Vessel traffic service 
(VTS): this is a marine traffic monitoring system established by harbor or port authorities, and is similar to air 
traffic control for aircrafts. Typical VTS systems use radar, CCTV, AIS, and VHF for two-way radio 
communications, to keep track of vessel movements and to provide navigational safety in a limited 
geographical area. ¾ Port arrival notifications (FAL requirements) and different ship reporting schemes for port 
states: these are, e.g., related to dangerous goods and marine pollution. As with GMDSS safety 
communications, the above applications are mandated by regulations, and do not require broadband data 
connections. 

 
Operational applications 

A different type of communication driver relates to the main operational purpose of the vessel. Unlike the 
drivers discussed already, this type of communications application is not driven by regulations, but rather 
deployed voluntarily in order to optimize operations, thereby saving costs to the ship-owner or increasing 
service quality for the charterer. Such operational applications could be: ¾ Cargo logistics and monitoring 
applications ¾ Route planning and energy efficiency applications ¾ Administrative communication between the 
vessel and the ship owner's HQ. ¾ Upload of gathered data (e.g. seismic data or environmental data) 

Operational applications are highly dependent on the type and purpose of the vessel and the applications’ 
requirements for latency and bandwidth will vary. For example, the exchange of credit card transactions will be 
an important operational application for a cruise or passenger vessel. Although these transactions are time- 
critical, data volumes are relatively low and do not require much bandwidth. Operational communications is a 
relatively modern driver that has emerged over the last decade through the age of digitization and satellite 
communications. Operational applications have been a key driver for ship-owners to invest in new broadband 
communication capabilities on board their ships. 

 
Welfare and entertainment 

Welfare and entertainment for crew and passengers has been one of the strongest drivers for investment in 
advanced communications equipment in recent years. Ship-owners have learnt that to attract the best crew, 
provision of TV and Internet is essential. Who wants to be stuck for weeks on an offshore vessel without being 
able to connect with friends and family on Facebook when off-duty? And who wants to spend the holiday on a 
cruise liner where it is not possible to check your emails or see your favorite team in the Champions League? 
Our modern digital habits have clearly influenced this development, and so have the falling costs and increased 
competition within satellite communication. 
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11.5 Communications services in maritime shipping 
11.5.1 Distress signaling 

This class of communications consists of highly critical messages used to alert shore and other ships that a ship 
is in distress. The messages are typically short, consisting of the most important information related to the 
distress situation, so the bandwidth requirements are very low. It is, however, very important that the carrier  
is available when the function is required. 

Most of the distress signaling is part of the GMDSS requirements, including digital selective calling (DSC) over 
satellite or VHF as well as Emergency Position Indicator Radio Beacon (EPIRB) and more general 
communication facilities. Due to the criticality, some of the distress signaling is implemented over special 
carriers. The ship will also carry several such systems, each using a different technology. One example of 
distress calling systems that can use a general-purpose carrier is the ship security alert system (SSAS) and as 
above mentioned, the DSC calling over VHF or satellite. 

Distress and safety historically, the primary driver for communication between ship and shore has been the 
safety of crew and passengers. Since the use of Morse telegraph on board ships in the early 1900s, the ability 
to send an alert message from a vessel in distress has saved thousands of lives at sea. In 1988, GMDSS was 
established to increase safety and make it easier to rescue ships in distress. Chapter IV of SOLAS [/3/] was 
introduced to define required GMDSS functionalities and supporting communications equipment, and is 
applicable to all passenger vessels and cargo vessels above 300 gross tons that are engaged in international 
voyages. GMDSS is mainly based on terrestrial radio systems (VHF, MF, and HF) with no data service, and the 
digital satellite communications systems used (Inmarsat-C and EPIRB) have highly limited data rates that are 
just suitable for supporting distress alerting and safety messaging. Since its introduction, GMDSS regulations 
have remained relatively stable, and very little new technology has been introduced. The International 
Maritime Organization (IMO) is currently in the process of reviewing the GMDSS requirements with the aim of 
establishing an updated set of modernized GMDSS requirements by 2017 (from DNV-GL Ship). 

11.5.2 Emergency operations 

This class of communications consists of information exchanges used for emergency management and 
assistance during an emergency. This is a special application type that enables digital coordination between 
ships and shore during emergency management. Currently, there is no legislation that applies to this type of 
application. As this type of application could replace some of the communication that is now sent over VHF or 
satellite, one could in principle say that the corresponding GMDSS requirements should apply. 

Criticality has been set to high and very high, although one can argue that voice communication can be used as 
backup. However, if drills and general crew training were to be based on this application in an emergency one 
probably needs to upgrade criticality to “very high”. 

The estimated bandwidth requirement of 21 kbps seems to be reasonable, based on research work done in 
Flagship [FC1], and similar experiments in other projects. The estimate is based on digital updates of state 
information between ships and between ship and shore where the actual digital display system converts the 
state information to a visual image. Thus, this does not include, e.g., transmission of video or graphical images. 

Latency requirements are “real time” or IP (for shore side) as all parties are dependent on having the same 
situation parties, particularly on scene. For shore based parties, real time can be read as on the order of a few 
seconds for full updates, which may translate to requirements of IP category. 

Note also that emergency communication is a rare occurrence and that it will pre-empt most other types of 
communication. Thus, it does not directly contribute to total bandwidth requirements for the ship. 
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11.5.3 Nautical reporting 

This is a category of nautical reports that does not have very strict latency requirements. This includes LRIT and 
AMVER reporting as well as weather fax and NAVTEX reception. NAVTEX is on-line maritime safety information, 
normally sent via MF or satellite (SafetyNET). AMVER is a voluntary reporting scheme operated by the US Coast 
Guard. 

11.5.4 Nautical AIS 

This group includes the existing and possible future AIS based applications. In areas with high ship density, the 
capacity of the AIS system is close to its full capacity or already overload, so there is not much bandwidth 
available for future expansion. Outgoing traffic, which is much smaller (maximum one message each two 
seconds) amounts to about 0.2 kbps. However, incoming traffic can be close to the available bandwidth in 
congested areas. 

11.5.5 Nautical operations 

These are services and applications directly related to safe and secure real-time operation of the ship. Thus, 
criticality is very high to high and latency requirements are in the RT or IP categories. Regulations applying to 
nautical safety are mainly GMDSS, although all services listed here are possible addition in an e-Navigation 
scenario that is not yet fully operational today. 

Examples of such services are communication between ship and VTS and other forms of ship to port 
communication. In a future scenario, one can, e.g., consider the possibility of getting a sailing plan in form of 
waypoints directly from the VTS. One could also imagine getting a full traffic picture from the VTS, including the 
sailing plans for vessels in the vicinity. Other applications are transmission of maritime information objects 
(MIO) for inclusion in chart displays, including weather and current information. 

11.5.6 Voyage reporting 

Voyage reporting includes various services that are not directly safety critical, but which may be important for 
operational issues or by virtue of port or flag state legislation. Latency requirements are not normally very 
strict as messages are sent as e-mails or by similar mechanisms. They can be for example: Ship reporting, Coast 
state notification, Port arrival notification, Voyage orders and reports, Commercial port call services, 
Navigational data update, Operational reports, Operating manuals, Weather forecast 

The estimates given here on bandwidth requirements are relatively speaking high as they include worst case 
operation requirements during port approach, combined with a relatively high estimated load from ENC 
updates. 

11.5.7 Cargo reporting 

This application covers reporting from ship to owner during the voyage. This may be used for certain perishable 
goods, e.g., in reefer container or similar storage. It will not normally amount to much in terms of bandwidth as 
relatively little data is reported on each load item. The most typical messages for cargo reporting are: Cargo 
telemetry, online monitoring. 

Also, latency is not normally critical as reports can go as e-mails or by similar mechanisms. 

11.5.8 Cargo operations 

These services are related to safer and more efficient cargo and port operations through on-line control and 
monitoring. 

Today there are some requirements for coordination between port facilities and ship during loading and 
discharge. This is relatively strict for gas carriers [IGC] and will often be handled by fixed telephone lines 
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between ship and port. Bulk ships also have requirements to communication, but this is mostly prior to loading 
or discharge [BLU]. These requirements are indicated with a reference to SOLAS in the table. 

In the scope of e-Navigation, one can envisage various new forms of coordination, e.g., for assisted berthing or 
tug assistance. 

Criticality and real time requirements for such services will be very high as ship and port safety will rely on 
them. Also, bandwidth requirements may be relatively high when the operation is in progress. However, this 
will only be during a relatively short period. 

11.5.9 Technical reporting 

These applications are related to the technical operation of the ship and covers non-interactive reporting and 
information exchanges. The services listed here are as examples technical reports to superintendents, the 
updating of manuals and other documentation and general reporting to specialists on shore on technical state 
of various ship systems. 

The bandwidth demand is based on a relatively substantial and daily reporting from the ship. Even then, it 
represents limited use of bandwidth. Criticality is medium to high, mostly dependent on context. 

11.5.10 Technical operations 

This item has been included although it was not part of the analysis in (Rødseth Ø.J. K. B., 2009). The 
application represents on-line and possibly interactive technical services, e.g., offered by equipment 
manufacturers to do diagnostics or maintenance on onboard systems. Thus, IP type latency would be needed 
for this. An estimate of one mega-byte per day has been used in the traffic figures. 

Note that bandwidth requirements will be much higher in terms of peak demands. Interactive operations 
would normally require access to at least 128 kbps, although 64 kbps may work in some cases. However, mean 
load on the carrier is representative. 

11.5.11 Crew information 

Crew communication, if provided for free, can be expected to fill all offered capacity. It is, also an area where 
money is being invested as crew welfare is an important factor in getting competent crew. 

The estimates shown here are based on a daily allowance of 10 MByte per crew per day with a crew of 20 
assumed. A small additional contribution from training and telemedicine is added to this. 

11.5.12 Passenger infotainment 

Passenger on larger ships will often request a good Internet service and this will typically translate to on the 
order of one megabit per second capacity with a passenger count of a few thousand (as for this estimate). This 
service is paid for by usage fees and it typically leaves spare capacity for operational and crew communication. 

11.5.13 Billing 

For passenger ships, there will also be a need for online bank transactions, e.g. for payments with bank or 
credit cards in the shops and restaurants on board the ship. While the transaction messages are small, they 
may be very frequent; the bandwidth estimate uses one transaction every second, with a message size of 
1kByte (one in, one out). This may be a reasonable estimate with a few thousands of passengers on-board. 
Smaller ships will have substantially smaller volumes of traffic. As long waiting times will be inconvenient, the 
latency should be IP-class. The messages also have strict requirements to confidentiality and integrity. 

Similar to the communication between ship and shore, the next Section describes the infrastructure enables 
ship to ship communications and its typical data services. 


