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Executive Summary 
This document consolidates MONET’s concept, by defining its concept of operations, 
identifying the use-cases for a hybrid MANET-Satellite network, explaining the assumptions 
and hypothesis used throughout the project, defining high-level network characteristics from 
the viewpoint of users and performing an early and preliminary assessment of business 
prospects for MONET based products and networks. 
 
The vision behind MONET is essentially to have one or more MANET clusters (each with one 
or more nodes with satellite access) which can communicate between themselves through 
satellite, can access the internet or private networks through satellite and can choose the 
best link to do this (either terrestrial or the most appropriate satellite link from a choice of 
different available services). All this should be done semi-automatically with little user 
intervention (unless desired) and in the most transparent of ways. In this vision, the hybrid 
network will make use of any type of satellite service (FSS, MSS at GEO or LEO) and the 
user terminals will be fully integrated (single terminal integrating satcom and ad-hoc radios in 
a single device and managing the links in fully automatic and transparent manner to the 
user). According to this vision, the terminals should easily become a world-class reference in 
the market of mobile wireless ad-hoc terminals with an integrated satellite connection 
solution, able to provide full seamless broadband connectivity to everyone, everywhere and 
at anytime. Furthermore this should be achieved in a form factor close to a near-handheld 
device: laptop-size. 
 
The baseline for the project based on the use of both LEO and GEO satellite services that 
support as a minimum voice communications, with no major research in the space segment 
of satellite systems, and simplified integrated terminals is established in section 2.1. 
 
The main use-cases are discussed and presented. Detailed discussions of public safety (first 
response to emergencies) and airport operations are given along information flows and 
descriptions of the main players and the processes involved. Less detailed analyses of other 
possible use-cases for the enterprise world are given afterwards. These include agriculture, 
lumbering, herding, surveillance, recreational activities, wildlife observation, waste 
management, technical assistance, archaeology, mining, construction, drilling and offshore 
platforms and temporary settlements. 
 
The MONET concept of operations based on event triggering and network deployment and 
maintainability is then presented. A high level characterization of the MONET network is also 
discussed. An overview of the issues related to security and network management policies, 
and operational constraints is given. All stakeholders in the MONET value chain are also 
identified and described and examples for each category are given. 
 
The document concludes with a preliminary analysis of the business potential for MONET 
including the exploitation of protocols and algorithms through patents, terminals and service 
provision. Three possible business models are presented and discussed. 
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1 Introduction 
This document constitutes the first deliverable of Project (Grant Agreement number 247176) 
and its purpose is to define the  concept in greater detail, more specifically its operational 
cases, describing the vision of the project, where and how it can be useful, applied, operated 
and exploited. This document will serve as input to the identification of the end-user and 
mission requirements as well as for the definition of technical network and service 
requirements. 
 
In this section, a description of the document’s scope, its structure and the target audience is 
presented. 
 

1.1 Scope 
The main purpose of this document is to provide the reader with the  consolidated concept, 
describing the consortium’s vision for hybrid networks involving ad-hoc networking and 
satellite communications. This document aims at establishing the background and 
groundwork for the  project. In particular, it is important to define the vision for what hybrid 
ad-hoc satellite networks can become in the future, how  can contribute to this vision, and 
what will be the assumptions and constraints that the consortium will apply during the 
development of the project. 
 
Possible use-cases for a MONET-like network will be presented and an overview of a 
network will be made as this is also an important basis for the work of the project. Finally, 
taking the use-cases into consideration a first preliminary assessment of business potential 
for a system like can be established. 
 

1.2 Document Structure 
This document follows the structure specified below: 

 Section 1 presents the scope of the document and contains the description of the 
document structure and target audience; 
 Section 2 provides the consolidation of the project’s vision for a MANET-Satellite 
hybrid network, establishes the  baseline as well as the possible use-cases 
(emergency response and public safety and mobile enterprise applications) and 
defines the concept of operations of the  network based on the concept presented in 
the proposal; 
 Section 3 gives an overview of the network characteristics for a  system. Aspects 
such as goals, objectives, policies, constraints, stakeholders and operational processes 
are described; 
 Section 4 assesses the business prospects of possible  products and of hybrid 
MANET-Satellite networks providing insights into market needs and potential, possible 
products, business models and players. 

 

1.3 Target Audience 
The present document has as its target audience all parties that may have an interest in 
hybrid networking concepts combining ad-hoc networking and satellite communications. The 
document is especially intended to provide an overview of possible applications of such 
hybrid concepts and identify possible business scenarios for the associated technologies. 
Thus, it is appropriate for potential end-users of the  system as well as for technology 
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developers and researchers in the areas of networking who have research or business 
interests in this domain. 
 

2 MONET’s Vision 
This section consolidates the project’s vision for a MANET-Satellite hybrid network. 
Convergence of satellite and terrestrial networks is increasingly seen as a key factor in 
forming the basis for a global information infrastructure. This integration takes on an 
important role in enlarging service coverage, providing users with the ability to internetwork 
across all domains anywhere, at any time. In order to achieve this target convergence, a 
dynamic and transparent connectivity joining local and wide area, public and private 
networks is required. One can consider numerous types of networks characterised by 
different topologies, physical media, transmission speeds, carrier services, geographical 
coverage, interfaces, among other aspects. 
 
The potential of Mobile wireless Ad-hoc Networks (MANET) is significantly high. The 
application of MANET to areas such as emergency rescue, environmental observation, 
scientific investigations, commercial environments, home and enterprise networking, 
educational applications, entertainment, military operations and location-aware services 
holds great promises. They have been proposed as a solution to answer temporary 
communication needs within groups of hosts that perform a collective task, usually in rough 
areas where networking infrastructure is not present The automatic adaptation of the network 
topology to the field context provided by MANET, make these a great asset in providing local 
connectivity. However, these applications often happen in infrastructure-less or remote 
regions where remote connectivity to the outside world has to be provided by some other 
means. 
 
As is well understood some of the intrinsic capabilities of satellite telecommunication 
technology make them more interesting than their terrestrial counterparts, namely the very 
large coverage areas, speed of implementation and inherent multicasting and broadcasting 
capabilities [EVANS06]. Therefore, satellite is one of the solutions to provide this remote 
connectivity and sometimes the only solution for the MANET to communicate with other parts 
of the world. Fixed Satellite Services (FSS) and Mobile Satellite Services (MSS) can provide 
broadband connections to the internet, enabling the exchange of voice, data and video in the 
field, as well as the relay of control messages and service data from service centres to 
MANET. However, satellite systems are not without their disadvantages. Previous European 
research [SatNExII08] has already identified some of these: high technological complexity, 
high costs, limited available bandwidth and resources, deep fading at high frequencies and 
slow deployment when compared to terrestrial communication networks. In addition, 
commercial success of satellite communication systems has been mixed. Some applications 
such as television broadcast have been tremendously successful while mobile telephony 
(e.g. Iridium) has struggled to face the competition and gain market. Current expectations 
dictate that satellite will be seen not only as a component of an alternative routing path but 
also as part of a unique (really integrated) system. Convergence of satellite and terrestrial 
networks is becoming a key factor in forming the foundation for efficient global information 
infrastructures [DAOUD00]. 
 
On one hand, ad-hoc networks are characterised by dynamic topologies, limited bandwidth, 
energy consumption constraints, limited physical security and no centralised management. 
Some of the many problems they’re subject to include: 

 Routing information technique choice; 

 Configuration; 



 

MONET Concept and Use-Cases 
MONET 

 

MONET-ICT-247176-D2.1  Page 9 of 68 

 Management; 

 Limited bandwidth which means the network management slice must be minimized to 
enable maximum “payload” data exchanges; 

 Changeable links which means that link quality information is mandatory to properly 
operate radio communications; 

 Hidden nodes which can lead to simultaneous broadcast by two unbeknownst nodes 
and thus collision; 

 Energy meaning that battery autonomy is limited; 

 Mobility and dynamic topology; 

On the other hand, broadband communications via satellite are useful in many different 
scenarios, especially: 

 When a suitable terrestrial communication infrastructure is not available; 

 Where the broadcast nature of the satellite system can be exploited (e.g. TV 
broadcast); 

 Or where the satellite networks are complementing or backhauling other, e.g. 
terrestrial networks. 

Examples of the benefits of satellite include IP via satellite in regions with no access to 
terrestrial DSL, new architectures for near-video on demand, satellite networks integrated 
with WiFi, WiMAX, LTE or TETRA, or satellite networks backhauling collectively mobile 
networks in ships, trains, or airplanes. 
 
The concept of a hybrid MANET-Satellite network is therefore a natural evolution of 
considering the problem of providing local and remote connectivity in a highly mobile, 
dynamic and often remote environment, as represented in Figure 1. This concept of hybrid 
network provides users with a number of advantages: 

 It enables the user to be connected anywhere and anytime by ubiquitously extending 
the coverage area of the telecommunication systems, at the best price and with the 
best possible connection; 

 It can support a number of different services, and allow the selection of the most 
appropriate type of communication network to support specific services in order to 
improve the usage of network resources or the quality of the provided services: for 
instance, satellite systems suit especially to peer-to-peer, near video on demand and 
multicast and broadcast applications as studied in EC Project SATNEX, whereas 
conversational or classical point-to-point services (web browsing) can be provided 
mostly by the terrestrial MANET; 

 It can optimize the usage of the resources of the communication network by selecting 
the most appropriate network for the transmission of each service and managing the 
traffic load across the network (e.g. transferring part of the traffic over to the satellite 
system). 

This combination raises, nonetheless, significant challenges in terms of optimising network 
resources, link availability, providing Quality of Service (QoS) and Quality of Experience 
(QoE) (the subjective measure of a customer's experiences with a service supplier) and 
minimizing costs and energy [DAOUD00]. Issues such as the re-organisation of MANET to 
connect to satellite access points, re-organisation of the satellite access points, selection of 
which satellite access points to use, the use of satellite as a relay between two MANET, the 
adjustment of routing in accordance with the current network situation and the exchange of 
cross layer information to improve resource management are some of the challenges studied 
by MONET. The problem of connectivity between different MANETs located in neighbouring 
areas but separated by the rough terrain hasn’t been thoroughly addressed [AHMED01], 
[AHMED02] and the synergies of satellites and MANETs is rarely addressed 
([BURBANK05],[BENSLIMANE05],[LIU04], [LUGLIO07] and [DONAHOO05]). The project 
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will also propose and develop solutions for the optimization of a hybrid MANET-Satellite 
network, implement a prototype of the most promising solutions and test them in the field, in 
near real-life conditions. 
 
The vision for a hybrid satellite-MANET communications network based on MONET is 
essentially to have one or more MANET clusters (each with one or more nodes with satellite 
access) which can communicate between themselves through satellite, can access the 
internet or private networks through satellite and can choose the best link to do this (either 
terrestrial or the most appropriate satellite link from a choice of different available services). 
All this should be done semi-automatically with little user intervention (unless desired) and in 
the most transparent of ways. In this vision, the hybrid network will make use of any type of 
satellite service (FSS, MSS at GEO or LEO) and the user terminals will be fully integrated 
(single terminal integrating satcom and ad-hoc radios in a single device and managing the 
links in fully automatic and transparent manner to the user). According to this vision, the 
terminals should easily become a world-class reference in the market of mobile wireless ad-
hoc terminals with an integrated satellite connection solution, able to provide full seamless 
broadband connectivity to everyone, everywhere and at anytime. Furthermore this should be 
achieved in a form factor close to a near-handheld device: laptop-size. 
 
The implementation of the MONET concept for a hybrid network will therefore result in the 
following advantages: 

 Providing remote access and broadband to rural or remote areas 

o Helping to bridge the digital divide; 

o Collaborative work and e-business; 

o Everyday operations of large field teams (e.g. forest monitoring services, 
environmental service teams, community services); 

o Health services and telemedicine; 

 Providing on demand connectivity to mobile users (such as in airports and aircraft for 
example); 

 Providing communication services to Public Safety users (e.g. providing emergency 
communications during/after disasters, support to fighting forest fires, floods and 
earthquakes and coastal monitoring); 

 Multiple services support (routing according to service); 

 Policy vs. application based QoS; 

 Use of satellite as access point 

o Connect new links to increase through-put; 

o Change links to provide connectivity due to MANET reconfiguration; 

 Use of satellite as relay between ad-hoc clusters (e.g. 2 MANETs); 

 Integration with MSS and/or with FSS; 
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Figure 1 –  concept and goals. 

 
The MONET consortium has established some high level objectives required to achieve the 
vision described above: 

 To develop a complete understanding of the problems and complexity underlying the 
highly dynamic and heterogeneous environment of a hybrid MANET-Satellite network; 

 To optimize the use of satellite access links in a MANET through mechanisms that 
propose and implement changes in topology and resources used; 

 To provide seamless broadband services to everyone at any time in a hybrid MANET-
satellite network thanks to optimized algorithms and network mechanisms; 

 To overcome performance bottlenecks and roadblocks in hybrid MANET-Satellite 
networks to enable a more pervasive and optimized network structure; 

 
In order to better define the MONET vision it is necessary to identify more clearly the role fo 
satellites in the hybrid network. Previous European research has identified four main roles for 
satellite systems in hybrid broadband networks architectures which are repeated here for 
convenience [SatNExII08]: 

 Satellite systems can act as multicast/broadcast network in hybrid networks. This 
straightforward role is especially interesting when disseminating contents to a wide, 
geographically spread community of users (as for example, in distributing command 
data to fire-fighter teams in the terrain). There are several commercial services 
available that provide this capability based on either Direct Video Broadcasting- 
Satellite (DVB-S) or Direct Video Broadcasting- Return Channel Satellite (DVB-RCS) 
standards. 

 Satellite systems can also be used as Satellite Radio Access Networks (S-RAN) for 
end-user terminals, in which case Satellite and Terrestrial RAN may be 
geographically overlaid or not. S-RAN can be used mainly in two ways: to extend 
geographically the services of the hybrid Radio Access Network (the S-RAN is used 
to provide services access to users in areas that could not otherwise be covered by 
terrestrial telecommunication networks) and to share traffic in the hybrid RAN by 
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relieving the Terrestrial RAN and carrying part of the traffic (this is only applicable if 
the T-RAN and S-RAN overlap). 

 Satellite systems can also act as trunking and backhauling links connecting several 
parts of the same network or several independent networks. Different types of 
satellite trunking and backhauling in hybrid systems can be taken into account: 

o Trunking in the core network, for the interconnection of distant sections of the 
same network; 

o Backhauling satellite systems, connecting groups of users displaying specific 
characteristics with classical terrestrial networks. 

o Interconnection of private Local Area Networks (LANs) such as several 
facilities of the same companies spread over large distances or Mobile Ad-hoc 
NETworks (MANETs). 

 Finally, satellite systems can provide a backup telecommunication solution for critical 
infrastructures requiring several independent communication networks in order to 
reach availability close to 100%. 

In MONET, the role of satellite is well defined. As can be seen in Figure 1, the satellite 
segment of network will focus on the first three roles described above. On one hand, 
depending on the number of terrestrial nodes with satellite links, the satellite segment can be 
used to broadcast useful information to all MANET in range (e.g. as in the case of important 
operational data such as weather information in fire-fighting). The satellite is also assumed to 
work as S-RAN that will provide services access to the MANET nodes. Finally, the satellite 
segment in MONET will also act as trunking and backhauling links for connecting two 
MANET clusters. 
 
Thus, the MONET concept is all about transparency: Transparency of service, of 
deployment, of operation, of support, of autonomy. The end-user of the MONET terminal will 
not have to be concerned about configurations: reducing setup times to the minimum is one 
aim. The user should only have to switch on the MONET terminal which intelligently will 
adapt to the demands of its network priority placement, stand-alone or next network node 
distance, current geographic location, position in network hierarchy, available terrestrial 
technological connection solutions and protocols, most suitable Satellite Service Provider 
(SSP) or satellite constellation, etc. All these configurations should be automatic and 
dynamic. The equipment itself should, without (or with minimum) user interference, make its 
own decisions and guarantee that the best possible available option is always the selected 
one. 

 Transparency in dimension: MONET terminal size should guarantee maximum 
autonomy with the most independently and reliable possible power source, available 
in actual state of the art power sources technology, with a renewable sustained option 
of autonomy if available and desired.  

 Transparency in interface: MONET terminals should always be very user-friendly. The 
complex modes of operation and constant configurations should be simple and 
transparent from the user perspective. Plug’n’play philosophy should be followed for 
MONET terminals. The user barely needs to have basic knowledge of the product 
operation (the aim would be to know only “where the ON-button is”). 

 Transparency in procedures: total access to the terminal’s modes of operation which 
means choosing the configuration of the degree of human involvement in the 
automatic operation of each terminal and the whole network: from basic high-level 
plug’n’play participation to low-level inputs in the terminal running procedures. Ability 
to choose SSP with or without restrictions (geographic position, type of data to be 
transmitted, billing of the SSP, strength of satellite link signal, traffic load on the 
satlink itself, etc); ability to use different ground communications technology (e.g. 
LTE, WiMAX, UMTS, GSM, DMR, Wi-Fi, TETRA and TETRAPOL, etc) according to 
user’s demands or environment particularities; ability to choose and manage the 
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designated power source (whether renewable or not, constant power supply or 
intermittent, etc.) And most importantly, to have all these procedures information 
available to the user if desired in an intuitive interface. 

 Transparency in mobility: the final MONET node should be highly mobile, not only 
with minimum deployment and setup time (to enhance portability) but also without 
risking connectivity or high-performance throughputs during satellite beam handover, 
constant reconfiguration of best possible routing path due to terminal’s movement or 
change in ground communications optimal range (ability to change ad-hoc wireless 
transmission frequency depending on weather conditions, nodes distances, antennas 
range, etc). 

 Transparency in connectivity: independently of the user degree of involvement in 
MONET operation, the terminal should always guarantee a high-performance 
connection and a fully adaptable, self-healing, self configurable, persistent network, 
independently of the number of MONET nodes connected and network size. MONET 
terminals should combine the high-mobility of SSP standard vehicular terminals with 
the portability of land laptop-size equipments. Universal and automatic hoping 
between SSPs to enhance optimal data rate to the networks backbone should be a 
transparent and optimized procedure of the equipment. 

 
The previous paragraphs described the ideal vision for the MONET concept (what would be 
desirable if there were no technological, budgetary or time constraints). The next section will 
define the baseline of the project (what the consortium commits to investigate and develop 
during the execution of the project). 
 

2.1 MONET Baseline 
Taking the vision identified in the previous section, this section will detail the assumptions, 
hypothesis and postulates of  for the study. It will establish the project’s baseline and 
essentially define the starting point for the research work. 
 
A hybrid network such as MONET can be divided into two segments: 

 MANET segment consisting of the terrestrial side of the hybrid network, i.e. the 
mobile ad-hoc nodes organized in clusters where some nodes have access to 
satellite links. 

 Satellite segment which consists of the satellite communication system. In turn, the 
latter includes the space segment (the actual satellite platforms), the ground segment 
(ground control stations and gateways) and the user segment (terminals and 
services). 

 
The baseline assumptions established in this section are of course subject to confirmation by 
the user requirements. The main drivers in establishing the MONET baseline are simple: 
Project budget, project schedule and technological maturity plus the need to strike a balance 
between achieving the MONET vision and implementing a testable and working system. 
While the research work for the MONET architecture will take into account the possibilities 
defined in the vision and as much as possible support them, the optimization studies and 
research and implementation work for each segment will need to be focused on a smaller 
number of technologies and satellite services and terminal functionalities. 
 
MONET will focus its work on the MANET segment and on the user part of the Satellite 
segment (no modifications or major research will be performed in the ground control station 
hardware or in the actual satellite platforms). The satellite segment has been continuously 
evolving through the development of many new techniques at different layers. Among these 
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techniques (applied at the space and ground segments of satellite systems), the following 
have been the target of research (as identified in [SatNExII08]): 

 Antenna technique advances (active array antenna) for improving the link budget and 
reducing interference; 

 Managing multi narrow, high gain beam satellite systems with frequency reuse for a 
high increase of the satellite system capacity; 

 On-board switching for the support of a single satellite hop full meshed network 
topology and onboard QoS support; 

 Fade mitigation techniques such as adaptive coding and modulation, for the 
adaptation of the spectral efficiency to the propagation conditions; 

 New coding schemes for a lower bit error rate in the system; 
 Cross layer algorithms for optimized resource management in the satellite system; 
 Software Defined Radio (SDR), for more flexibility in the payload of the satellite 

during its lifetime; 
 Heavier satellites with more power and more capacity, able to process a huge 

amount of data or on the contrary small satellite for ad-hoc, scalable mission. 
Some of these techniques or advances are already flying and applied in commercial services 
while other are still being researched. On its part, MONET will focus its research on cross 
layer algorithms for optimized resource management in the satellite system. No major 
research in satellite platforms will take place. Instead, MONET will consider its baseline 
commercially available satellite platforms and services with no On-Board Processing (OBP) 
or regenerative capabilities. Thus, satellite transponders considered for this study will be bent 
pipe (no OBP). As OBP becomes available, new evolutions of MONET could include 
modifications to support OBP. This is especially interesting for satellite mesh networking 
(reduced latency from double ground hops in relays between MANETs). The MONET vision, 
of course, includes all types of transceivers. 
 
Concerning satellite services, the baseline for MONET will be the use of commercially 
available services that support voice and data transfers (without any particular focus on the 
types of orbits – irrespective of LEO or GEO orbits). However, first MONET will focus on LEO 
services (essentially to provide voice support). Eventually and in terms of vision, GEO 
services should be considered. It should be noted that the BGAN service from Inmarsat is 
based on GEO satellites. However, it’s possible to use voice by supporting Voice Over IP 
(VOIP) instead of direct phone traffic as in LEO services such as Iridium. Hence, MONET will 
focus on these two types of services: Inmarsat’s BGAN and Iridium. The former is especially 
interesting because the consortium already possesses equipment and background 
experience in working with it. 
 
Regarding terminals, several types can be considered: portable handheld, vehicular (ground, 
aerial, maritime) and fixed. Given the true focus on mobile ad-hoc networks and budgetary 
constraints plus the fact that the project does not intend to focus on terminal development, 
the baseline for MONET will be handheld and vehicular (terrestrial) terminals. These will be 
physically connected to terrestrial ad-hoc radios. Future evolutions of MONET could focus on 
the physical integration of ad-hoc radios with sitcom terminals in the same device as 
described in the vision section. User interfaces for the MONET terminals should allow users 
to see some information on the status of the network and to choose between different 
services (different satellite services but also data or voice applications). Besides this, 
everything else should be transparent to the user with terminal setup limited to a turn on /turn 
off button (ideally, as described in the vision). It is important to strike a balance between a 
fully transparent terminal for the user and a terminal which can be monitored and evaluated 
properly to ensure that all functionalities are covered. The MONET baseline regarding the 
class of the equipment is well defined: a portable, highly mobile terminal in the same line of 
SSP land handheld and vehicular terminals. This type of User Terminal (UT) is the most 
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suitable to MONET’s objectives in terms of mobility, autonomy, portability and universality (of 
SSP and terrestrial wireless protocols). A very important input to the terminal baseline will be 
the work carried out with end-user in the requirements identification. 
 
The baseline for MONET terminal human-machine interface implementation will not be far 
from the proposed vision. The user will be able to get deeply involved in the terminal 
management and day-to-day operation if (s)he so chooses. Information on the network 
status, performance, load and all other applicable parameters will be easy to access 
(alternatively it can be kept in automatic mode with no presentation of data to the user), as 
well as choice or blocking of usage of different services and types of applications. For 
instance the user may input the main type of traffic that will be passing through the network 
(or specific nodes) and choose the most appropriated SSP for that particular type of data: 
low latency over satellite for voice communications is desirable, high-throughputs for 
streaming, cost-effectiveness for intermittent communications or messaging, etc. 
Alternatively, that choice can be left to the node itself. This has huge implications on the 
node architecture itself. For example, voice services demand low latency connections over 
satellite constellations, and can be provided by LEO satellite constellations (such as Iridium), 
and broadband data connections are available over GEO satellite constellations (such as 
Inmarsat’s BGAN). These represent different types of RF antenna systems as well as air 
protocols. Emulating voice services over VoIP with GEO satellite constellation is also a 
possibility that MONET will take into account. 
 
Concerning the mobile ad-hoc network segment of MONET, there are numerous radio 
technologies available to the project. As stated in the MONET vision the concept of hybrid 
MANET-Satellite networks should support any type of radio technology (TETRA, 
TETRAPOL, DMR, WiFi, GSM, WiMAX, LTE, etc.). However, in practical terms, due to time 
and budget constraints, a research project must focus on a couple of technologies at most 
(even if the architecture defined supports a larger number of technologies as is the objective 
here). The MONET baseline (for feasibility purposes) will focus on a smaller number of 
technologies, essentially WiFi, possibly WiMAX or LTE (depending on technological maturity 
and user requirements) and interoperability with TETRA given the importance of this 
technology with public safety users. 
 
Finally, concerning network functionalities and resource management in hybrid broadband 
network architectures, all the issues identified in the Grant Agreement will be studied. Of 
particular importance are load balancing, QoS and QoE, handover, routing, recourse 
allocation and security. In a hybrid satellite-MANET network such as MONET several 
network segments may be simultaneously available to carry the traffic generated/received by 
the end users (e.g. a terrestrial access point may be available, more than one ad-hoc cluster 
may be reachable or more than one satellite service may be available), and a specific 
network is usually selected thanks to a specific cost function taking into account different 
criterions such as cost, QoS, application type, etc. These issues will be carefully analysed 
during the course of MONET. Handover between satellites and ad-hoc clusters also 
becomes a challenge. In this case, more parameters beyond the regular SNIR 
measurements, terminal location and congestion statistics used in classic cellular networks 
maybe needed to achieve a seamless handover. The question of how to trigger handover 
also becomes more complicated as this may depend in addition upon load balancing in the 
system, cost functions, network state and specific connection admission control procedures 
with forced handover [SatNExII08]. 
 
In cases where rapid and seamless switching to the satellite system for the continuation of 
the telecommunication services is required (as should be the baseline of MONET) 
appropriate network management mechanisms must be performed with tools which are 
common for all possible networks. 
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Finally, the issues of authentication, security and billing must be carefully addressed. End-to-
end security should be provided in a coherent way and at different layers (login and 
password at application layer, encryption over the satellite air interface, etc…). In terms of 
security the baseline for MONET will focus on authentication issues and multi-level security 
with no specific research on encryption solutions. The amount of traffic carried over different 
sections of the hybrid system must also be carefully monitored, since prices may widely vary 
from e.g. terrestrial systems to satellite systems and MONET established as one of its 
objectives the semi-automatic choice of more appropriate services based on cost. 
 

2.2 MONET Use-Cases 
Hybrid satellite-MANET networks will be successful or not depending on the type of 
applications they are used for and the associated amount of data supported by the network 
architectures. The typical MANET Application scenarios include battlefield communications, 
disaster relief, law enforcement, among others. Therefore, the most promising use-cases are 
those that make the most of ad-hoc communications and which may be disrupted by terrain, 
unintentional or intentional interference, i.e. public safety related applications. MONET has a 
great potential when addressing applications for regions sensitive to connectivity issues 
either for their remoteness, risk for temporarily lack of communications or specific 
telecommunication needs. This section elaborates some exemplary areas applications. In 
sub-section 2.2.1 and 2.2.2 use cases are provided for: 

 Emergency response and public safety;  
 Airport control; 

 
These two sections start with the definition of the Domain Model for each application, which 
helps in defining the system boundaries and intends to set a common vocabulary to be used 
for the use cases and the scenarios. It is depicted by the actors, entities and their main 
relations to a system (i.e. a MONET network). There are three types of relationships 
associated with this model: 

 Aggregation relationship – indicated by a diamond – for example ‘has a’ or ‘is made 
of’; 

 Generalisation relationship – indicated by a closed arrow head – for example ‘is a’; 
 Assignation relationship – indicated by an open arrow head – for example ‘allocated 

to’ or ‘commands’. 
 
The use case diagrams show which actors interact with which use cases and the 
relationships between the use cases. For MONET only “include” relationships between use 
cases are applicable, which means that the sequence of behavior described in the included 
(or sub) use case is included in the sequence of the base (including) use case. This 
relationship is analogous to the notion of calling a subroutine. 
  
Furthermore, it should be noted that in sub-section 2.2.3 and the following 2.2.3.15, we will 
exemplify applicable use-cases of MONET in the enterprise environment differing in terms of 
detail and in-depth analysis comparatively with the analysis of MONET use-cases in the 
emergency response, public safety domain and traffic control domains (in previous chapters 
2.2.1 and 2.2.2). It was considered more useful to have this more symbolic approach to the 
enterprise use-cases of MONET networks because of the wide extension of diversified of 
actors and entities involved in the potential applicable scenarios of MONET use-cases. This 
means that a more detailed and in-depth analysis (making use of PDMs and Use Case 
Diagrams) will surely not be applicable to a large number of enterprises thus losing its 
interest. A more detailed study of each enterprise use-case is not the main focus for the 



 

MONET Concept and Use-Cases 
MONET 

 

MONET-ICT-247176-D2.1  Page 17 of 68 

present document neither a comprehensive economic-oriented study on too many market 
areas and lines of business. 
 

2.2.1 Emergency response and public safety 
MONET is especially targeted at applications in the field of public safety and emergency 
response, where quick setup and reaction times are required. In these cases there is a high 
probability of infrastructure unavailability and an urgent need for mobility, which makes 
composite satellite-MANET networks a very suitable candidate solution.  
 
Figure 2 shows some typical emergency response and public safety applications for which 
the general use case will be elaborated in this section. 
 

 
Figure 2 - Application of MONET network: Public Safety 

 
Figure 3 shows the Problem Domain Model (PDM) for the emergency response and public 
safety cases. The PDM helps in defining the MONET system boundary and intents to set a 
common vocabulary for the use cases and scenarios. 
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Figure 3 – Problem Domain model for Emergency Responses 

 
The following primary actors can be identified: 

 Back Office 
 Command Post (CP) 
 First Responders (FR) 

 
It is furthermore noted that MONET node can be portable or fixed, depending on the actor to 
which it is allocated, and that the communication link of the MONET node depends on the 
nature of the MONET node: 

 The Back Office has a fixed MONET node with a satellite link only; 
 The Command Post (CP) has a fixed or a portable MONET node with in both cases a 

wireless wideband communication link and a satellite link; 
 The First Responders (FR) have a portable MONET node with in any case a wireless 

wideband communication link and optional a satellite link. 
 
Before arriving at the identification of the Use-cases it is necessary to define the starting 
point. The pre condition for all emergency response use-cases is that an event has been 
detected and identified and emergency teams consisting of First Responders and Control 
Posts have arrived at the location of the event. All portable communication equipment 
(MONET nodes) is switched on and operates correctly. Dedicated people at the Back Office 
are on stand-by. 
 
Next, in order to define the use-cases the questions and answers for each of the above 
primary actors as given in Table 2 are used. 
 

Actor 
Question 

Back Office (BO) Command Post (CP) First Responders (FR) 
What event might this 
actor initiate? 

o Dispatch additional 
Emergency Bodies 

o  o Request additional 
FR (via Command 
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o Establish contact 
with external 
services 

Post) 

What services does the 
actor provide? 

o Supervise 
emergency 
operation 

o Monitor FR 
o Manage FR 
o Intermediate 

between FR and BO 

o Provide (verbal) 
feedback to CP 

What service does the 
actor need from the 
system? 

o Maintain contact 
with all CPs 

o Maintain contact 
with all FR MANET 
nodes 

o Maintain contact 
with Back Office 

o Maintain contact with 
CP 

o Maintain contact with 
all other FR’s MANET 
nodes (activate 
satellite link when out 
of coverage or in 
case of network 
overload) 

What information does 
the actor need from the 
system? 

o Display filtered 
(aggregated)  FR 
data 

o Display FR data o Obtain position and 
basic information on 
the field situation of 
other FRs  

What are the activities 
that are recurring and 
triggered by time? 

o Get updated BO /FR 
situation awareness 
map (the BO 
information is wider 
and includes a 
summary of all the 
happening on the 
terrain) 

o Get updated FR 
situation awareness 
map 

o Provide situation 
awareness map 

Table 2 - Use-case discovery for the different actors 
 
The use-cases that are derived from the table above can be grouped into 2 categories: 

 Central coordination 
 FR Management 

 
Furthermore, from Table 2 it becomes clear that “Time” can be considered as a secondary 
actor because some use-cases will be triggered automatically based on time (every x 
seconds) or upon event (e.g. loss of MANET coverage). 
 
Figure 4 shows the resulting sub-system diagram for MONET. 
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Figure 4 – MONET sub-system diagram for Emergency Responses 

 
Figure 5 shows the core use-cases identified for Central Coordination for Emergency 
Response and Public Safety: 
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Figure 5 – Use-case diagram for central coordination (Emergency Responses) 

 
Figure 6 shows the core use-cases identified for FR Management for Emergency Response 
and Public Safety: 
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Figure 6 – Use-case diagram for FR Management (Emergency Responses) 

 

2.2.2 Airport Control 
Air traffic has increased considerably in recent years and this trend will continue in the next 
few years. It is for this reason that the tasks of management and control, both for the air and 
for the ground segment, will also increase. MONET network technology might be very 
suitable for of airport management and control, both for airport operations and for ground 
handling processes where typically a large number of vehicles and entities must be 
coordinated. Several applications are possible: 
 

1. Remote areas. Although most airports already have a fixed wireless communication 
network, most of the airport area outside the terminal is not covered by this network, 
which makes a mobile network necessary to connect vehicles that work in the 
movement area. Moreover, satellite links can be used in remote areas where even 
wireless communication is not available. 

2. Network Fall-out. Wireless link and satellite link can be used to provide the minimum 
services in case of a network fall-out. (e.g. due to a natural disaster or a terrorist 
attack). A MONET network could be deployed to provide the minimum services 
needed for e.g.:  

 Airport operation until the usual communication systems are restored (ground 
handling, airport services, etc). 

 Enabling humanitarian operations in the place of disaster. 

3. Airport less common events. For crisis management, e.g. snow and ice removal 
operations, MONET could facilitate the communication between the airport control 
centre and the emergency bodies (e.g. snowploughs), as well as the reception of data 
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provided by the maintenance vehicles to analyze if the runways can be used for 
landing and take off.. Vehicles responsible for the maintenance of runways should be 
equipped with (video) image systems, measurement systems (friction coefficient of 
the runways), position systems (GPS), all connected to the MONET node.  

4. Airport emergency. In case of an aircraft crash inside the airport area, airport 
authorities must take over operational procedures and could provide external 
emergency bodies with portable MONET nodes to allow the communication between 
all users (airport internal and external) involved. Moreover, if the accident occurs in a 
remote area, it will be necessary to deploy a mobile MONET network to coordinate 
the airport internal operations (see also point 1 above). Again, satellite link can then 
be used for the communication between the advanced control post and the airport 
authorities. 

 
It is noted that MONET will only cover the ground traffic management, so air traffic should be 
managed by other systems that should be interoperable with MONET system. 
 
Figure 7 shows the general situation capturing the four applications mentioned above and for 
which a general use case will be elaborated in this section. 
 

 
Figure 7 - Application of MONET network: Airport Control 

 
Figure 8 shows the PDM for Airport control. 
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Figure 8 – Problem Domain model for Ground Traffic Management 

 
The following primary actors can be identified: 

 Airport Management Centre 
 Control Tower (TWR) 
 Service Control Post  
 Service Team (Service Vehicles) 

 
The pre condition for use cases of this application is that an event has been detected and 
identified and airport service bodies existing of Service Teams and Service Control Posts 
must be informed. All (portable) MONET nodes are switched on and operate correctly. 
Dedicated people at the Airport Management Centre and TWR are stand-by. Service teams 
will use portable nodes or vehicular nodes fixed in the vehicles depending on their functions.  
 
Next, in order to define the use cases the questions and answers for each of the above 
primary actors as given in Table 3 are used. 
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Actor 
Question Control Tower (TWR) Airport Management Centre (AMC) Service Control Post (SCP) Service Team / Emergency 

body (ST) 
What event 
might this actor 
initiate? 

o Establish contact with 
Airport Management 
Centre 

o Establish contact with external 
State Bodies 

o Request service team 
o Establish contact with Service 

Control Post 
o Intervene in some aircraft handling 

situations 

o Establish contact with ST 
to request services 

o Establish contact with TWR 
to move on manoeuvring 
area  

o Establish contact with SCP 
to send information 

What services 
does the actor 
provide? 

o Monitor operations on 
manoeuvring area 

o Notify flight information 

o Manage Service Control Post 
o Notify flight information 

o Monitor service team 
o Manage service team 
o Dispatch additional service 

team 

o Provide services 
o Provide information, 

maintenance reports… 
o Provide state awareness of 

operations 
What service 
does the actor 
need from the 
system? 

o Maintain contact with 
service teams on 
manoeuvring area 

 

o Maintain contact with all SCP 
MANET nodes 

 

o Maintain contact with all 
ST MANET nodes 

o Maintain contact with 
Airport Management 
Centre 

 

o Maintain contact with SCP 
o Maintain contact with other 

STs  
o Maintain contact with TWR if 

it is situated on manoeuvring 
area 

What information 
does the actor 
need from the 
system? 

o Display vehicles 
position data on 
manoeuvring area 

o Display service teams on 
movement area 

 

o Display service team data o Obtain position of other 
service teams 

 

What are the 
activities that are 
recurring and 
triggered by 
time? 

o Get updated service 
positioning 

o Register flight 
information 

o Get updated service vehicles 
positioning 

o Get flight information 
 

o Get updated service team 
positioning 

o Get updated 
meteorological information, 
maintenance reports… 

o Provide vehicles positioning 
o Get updated meteorological 

information, flight 
information… 

Table 3 - Use case discovery for the different actors 
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The use cases that are derived from the table above can be grouped into 3 categories: 
 Information management 
 Central coordination 
 Service Team management  

 
Furthermore, from Table 3 it becomes clear that “Time” can be considered as a secondary 
actor because some use cases will be triggered automatically based on time (every x 
seconds) or upon event (e.g. loss of MANET coverage). 
 
Figure 9 shows the resulting sub-system diagram for MONET. 
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Figure 9 - MONET sub-system diagram for Airport Control 

 
Figure 10 shows the core use cases identified for Information Management for Airport 
Control: 
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Figure 10 - Use case diagram for Information Management (Airport Control) 

 
Figure 11 shows the core use cases identified for Central Coordination for Airport Control: 
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Figure 11 - Use case diagram for Central Coordination (Airport Control) 

 
Figure 12 shows the core use cases identified for Service Team Management for Airport 
Control: 
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Figure 12 - Use case diagram for Service Team Management (Airport Control) 

 

2.2.3 Mobile enterprise 
Several fields of interest may be targeted by MONET, mainly fields that include connectivity 
necessity in remote regions for a wide number of activities. Open-air economic activities 
where local communications infrastructure is not available (due to natural occurrences or 
man-made events) are obvious applications. On the other hand, a group of MONET 
terminals, creating a hybrid satellite/wireless ad-hoc network and granting a stable 
connection between entities is also very well suited for mixed or indoors economical 
activities. The subsequent sections will provide examples of how MONET could be applied to 
enterprise applications. Some cases represent outdoors examples while others focus on 
mixed or indoor environment applications. 
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2.2.3.1 Farming related 
Precision farming, using pin-point3 satellite technology is already a reality for crop 
optimization and field design, as seen in Figure 13. However, reliable communication 
between mechanized agricultural tools, vehicles, geographically dispersed irrigation or aerial 
spraying mechanisms aiming to a global coordination between every agent is an under-
explored area that can constitute a commercial target for MONET networks technology. 
 

 
Figure 13 – Application of MONET Network: Farming 

 
This kind of “farm network” would be of great interest for the agricultural industry as MONET 
would provide benefits in harvesting, seeding, irrigating and managing crops of all kinds. A 
network of this nature would be very advantageous applied to large agricultural explorations, 
where large field dimensions mean that cooperation between vehicles demands wireless 
connectivity. The unpopulated extensive terrain so suitable for agricultural purposes is often 
economically unsuited for wireless communications infrastructures (like cellular towers), thus 
making the use of a network based on MONET an even more luring technology. 
 
Having a satellite link available to provide backbone connections to the entire network, 
independently from the distance to the main house or weather conditions is a great asset 
especially for big distributed farming explorations owned by large companies (which may 
have corporate or operational headquarters in locations very far from their agricultural 
explorations). A MONET network applied to agricultural purposes definitely brings more 
value to its owner by enabling him to allocate means and resources in a more efficient way, 
achieve coordination remarkably and providing an outstanding control over statistics 
(crossing irrigation data with weather/rains parameters) and timing (precisely harvesting, 
seeding, etc done to the minute). 
 
                                                
3 Satellite technology in precise farming is used to provide the farmer with very precise information 
about terrain and crop status: harvest, seed, etc. 
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The size of the terrain used in reality would influence the number of MONET nodes needed 
to set up such a network; from a dozen of fixed or mobile nodes up to a few hundreds could 
be implemented (fixed nodes for crop edges for instance and mobile nodes installed on 
harvesting tractors, crop pickers, etc.) Also the total range of the network would be deeply 
tied to the agricultural exploration size, as would its favoured services: 

 Voice for communication between machine operators on-the-move; 
 Low-throughput data for automated services and devices to operate accordingly (i.e. 

irrigation points, etc); 
 And on-demand connectivity for whichever type of node (for example, an irrigation 

node won’t always need data services nor high-performance connectivity for 
information feedback on its operation, but will always require connectivity and GNSS 
positioning). 

 
From a commercial point of view, this sector is particularly appealing: according to 
[DATAMONITOR10], the global agricultural products market grew by 6.5% in 2007 reaching 
a value of $1,392.1 billion and In 2012, the global agricultural products market is forecast to 
have a value of $1,842.6 billion, an increase of 32.4% since 2007. Within the vast array of 
agricultural products, this report indicates that fruits, vegetables and roots form the largest 
segment in the global agricultural products market, generating 53.6% of the total value. 
These sorts of crops constitute only one of the many applications suited for a MONET 
network. 
 

2.2.3.2 Husbandry and Pasture monitoring 
Recent advances in the husbandry industry go beyond simple animal collars and electrified 
fences. The trend in the meat and other animal products (milk, cheese, eggs, skin, fur, etc) 
industry points to a back-to-basics approach of animal farming: organic food, free range 
animal farming and more ecological food is growing by the day. 
 
Following this line of progress, tracking of herds or mechanized shepherd solutions (e.g. 
electronic animal collar) are technologies already being implemented by large industrial 
explorations in animal husbandry. A MONET network that places simplified nodes either in 
livestock or in the shepherds (human, automated or animal) and provides more robust 
solutions for human shepherds and veterinary doctors for example, can become a 
commercial asset potentially leading to higher profits. As herds wander in very large areas, 
see Figure 14, (usually confined but very often with no wireless network available), a hybrid 
solution based on MONET (e.g. using simplified nodes) bringing always-on connectivity and 
positioning (via the satellite link) to the shepherds, can lead to a better navigation and control 
over large herds (via the MANET side of the network), thus maximization of profit through 
better quality of the animals’ feed, as well as closer monitoring (reproduction, illness, etc). 
Additionally, information collected by field veterinaries can be sent to herd exploration 
centres minimizing times of response to deal with diseases or animal medical emergencies. 
 
Combining the MONET network (with nodes on the mechanized shepherd, for instance) with 
simple RFIDs in the collars would provide an additional level of control over production and 
herd monitoring and guidance, cutting personnel costs by automating the full process of 
animal husbandry. 
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Figure 14 – Application of MONET network: Husbandry 

 

2.2.3.3 Lumbering and forestry 
The forestry industry is a perfect example of a commercial activity that can greatly benefit 
from an enhanced coordination between stakeholders and players. In this particular activity 
there is a clear need for close cooperation between constant-moving entities on a short-
range basis (less than 1000 meters) and also on a more global long-range: constant 
communication between small groups of workers is essential to achieve goals efficiently in 
the forestry business, saving time and cutting costs. 
 
Whether the task is re-planting, harvesting or inventorying a portion of the forest area 
exploration (see Figure 15), mobile teams need to be well coordinated (a perfect application 
of a MANET), however coordination doesn’t end here; beside low-scale coordination, teams 
need to constantly report to the main operations centre (that can be dozen to hundreds 
kilometres away) and constantly receive data from a back-office intranet or the internet 
(weather conditions, trucks positions, etc), which can be provided by the satellite links, which 
provide the persistent-reliable connection to the network’s backbone, providing the 
expectable services in the lumbering or forestry line of business: voice (for human interaction 
between parties), on-demand connectivity (MONET’s deployment will take place when the 
harvesting campaign begins, for example) and low throughput  rate (for essential data 
transfer between vehicles and HW, for example). 
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Figure 15 – Application of MONET network: Lumbering 

 

2.2.3.4 Forest, Jungle and wide areas Surveillance 
Some activities require constant patrol and surveillance (human or remote) of areas of 
interest like forest (and jungle), of natural resources zones (water, ore, etc) in mountainous 
locations and wider areas, or even human presence or infrastructures at remote sites. 
 
MONET network technology is very suitable for surveillance and patrol in large areas with 
several different objectives as seen in Figure 16. It can be used to support surveillance 
systems monitoring high value areas, when for example, a valuable natural resource has to 
be protected from human-related or natural threats (like anti-fire protection in natural parks or 
monitoring and detection of illegal activities at local borders around uninhabited locations), or 
to provide support to operations to surveillance and patrol duties such as in a remote location 
where rapid rescue conditions are necessary (e.g. a ski station with a potential for 
avalanches). 
 
Depending on the purpose of the deployed MONET system, the quantity of the nodes in the 
field thus the size of the network will vary from a few nodes (directly related to the area of the 
terrain being monitored for example) to hundreds (if beside static monitoring, coordination 
between mobile teams and vehicles is involved). The expectable services demanded by the 
particular industry are voice, always-on connectivity (for round the clock surveillance) and 
low-throughput data rate transmissions as well as streaming capacity (for automated remote 
surveillance for example). 
 
A MONET-based system will solve problems of connectivity and coordination among 
surveillance teams or patrollers (important constant communication access to each 
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observer), increasing the safety and value of commercial assets or resources, by diminishing 
risks for users or clients. 
 
Having a broadband connection in these conditions and locations is an obvious chance to 
improve business. Details about position and navigation, timings, weather or danger alarms, 
as well as the possibility to receive multimedia data for tourist applications bring obvious 
advantages to a business. 
 

 
Figure 16 – Application of MONET network: Forest/Jungle Surveillance 

 

2.2.3.5 Aquatic recreational activities 
Sea and inland lakes offer many opportunities for recreation and tourism and in practical 
terms they are a source of food and transport. In the past, most of our marine environment 
was “protected” from tourist use by its inaccessibility, safety concerns and the relatively high 
cost associated with the use of recreational equipment at sea (with all the associated safety 
constraints and requirements). In recent decades, significant advances in technology and the 
increase in international travel have made marine environments more accessible both in real 
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and economic terms. Coastal and marine tourism has become a huge business that forms a 
significant component of the growing global tourism industry [ORAMS99]. 
 
Concerns have also been increasing about the impacts of tourist activities on marine, costal 
or lake ecosystems and coastal-based communities have increased their pressure on 
decision authorities for better management techniques, which can be appropriate in reducing 
negative impacts and maximising the benefits of this kind of tourism and leisure activities. 
 
The number of companies that provide experiences related to the water environment has 
been blossoming: from luxury coral reefs to remote storming rapids, visits to mussel and 
marine underwater farms in glass-bottom tourism boats, cetacean observation and scuba-
diving (exploring aquatic floor or fauna/flora observation). These are some examples (as 
symbolized in Figure 17) of use-cases where MONET technology can be adapted to. 
Because of its unique characteristics: mobile nodes, no terrestrial network available, close 
operation between nodes but still long range high-throughput connectivity wanted, MONET 
has the potential to cater to the communication needs of the above mentioned group of 
activities. 
 
Companies running a fleet of vessels, targeting activities such as the ones stated above with 
boats operating close to each other (few kilometres), need constant communication. The 
capability to broadcast video or audio streaming between them (live “inward” feed via ad-hoc 
wireless network) or to inland facilities and out-of-range vessels (live “outward” feed via 
backbone thru satellite link) like the company’s headquarters, remote clients or third-party 
observers will bring significant added value to these companies. 
 
Applying a MONET network to marine operating companies can efficiently establish a circuit 
for the whole fleet (see Figure 17): if a node encounters a site of interest or detects a special 
event (like dolphins shoaling, whales mating or feeding or other mobile points of interest) it 
can instantaneously communicate its location to the rest of the fleet (assuming next MONET 
node is within 1000 meters for example) thus tracking different events and establishing a 
circuit route, thereby increasing the quality of the experience for tourists. Aquatic activities 
such as these, would expect on-demand connectivity from the MONET network (as the fleet 
is not always sailing in the water), with either low throughput rates and live streaming 
capability (for instantaneous sharing of visual and audio events). 
 
Rafting, canoeing and other “non-oceanic” activities can also greatly improve their users 
Quality of Experience (QoE) by adapting MONET nodes to every vessel: providing internet 
connections (for example) and in addition connecting every boat operating in rivers or lakes 
in mountainous environments where cellular or other ground networks are not available. For 
instance, a raft can be recording and broadcasting its descent through the rapids to the 
receiver on the base or on the top of the river in addition to sending this information to every 
other raft, which is a great feature if a competition is taking place. Having a broadband 
connection in these conditions is of course a never-ending “sea of opportunities” to improve 
business. Details about position and navigation, timings, weather, danger alarms or news, 
bring obvious advantages to all businesses. 
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Figure 17 – Application of MONET network: Aquatic Recreation and Tourism 

 

2.2.3.6 Wild life observation 
Since the 1960s wild life documentaries have gained more and more attention, depth, 
audience and of course, market value. They have become one of modern society's most 
important sources of information about the natural world whether they analyse fauna, flora or 
geological events and sites, they rarely take place in urban or even populated areas. In fact, 
these documentaries do cross borders of remote areas to uninhabitable areas, where human 
presence doesn’t exist and can’t be prolonged too much. 
 
Almost every remote environment with absence of or low connectivity networks is suitable for 
MONET technology and wild life observation and study is precisely one of those cases. This 
unique line of business is of great interest for MONET-based networks: pronounced 
remoteness, necessity of high-throughput data rates (like streaming) to the outside world, 
between nodes and constantly mobile targets, subjects and operators (i.e. network nodes). In 
sum, the perfect use-case scenario for a cutting-edge hybrid MANET/satellite network 
technology. 
 
Application to television and film industry is obvious: filming crews can easily allocate a 
MONET node either to an individual or to their land or water vehicle, creating a small 
”always-on” fleet of mobile communication stations able to broadcast, receive and transmit 
voice instruction, data information, points of interest locations and video/audio streaming (as 
Figure 18 shows) even if it is to a TV station a continent away or to the next vehicle crew 
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filming a gazelle being chased. The enormous possibilities this feature adds are amazing: 
there is no longer the need to record film footage on the spot as this can be recorded based 
on a streaming feed remotely reducing significantly the amount of hardware needed by the 
crews on the field. Another great benefit is the possibility of instantaneous viewing: a live 
natural reality show for example. 
 
This sort of MONET network applied to wild life documentation and observation is anticipated 
to be relatively small, with a few dozens of nodes at most and of course only a given 
percentage of the network’s nodes would have satellite link capability, directly dependent of 
the expected distance between nodes, most of them mobile nodes that can travel apart from 
each other up to distances of more than 5000 meters. However this rather small network, 
would have to be highly efficient: able to provide high-streaming rates (as well as reliable 
voice and low-throughput services) and always-on connectivity enabled. 
 
The world famous and critic acclaimed BBC series Big Cat Diary illustrates a perfect use-
case of MONET technology. It was a show that followed different types of felines on a daily 
basis allowing also live coverage. Live webcasting meant that you could follow the fortunes 
of Africa's biggest predators and their prey 24-hours a day. With live webcams, daily videos 
and reports from the crew's mobile phones and a week of live television beamed directly from 
the heart of Kenya's Masai Mara game reserve, the big cats came closer to the spectator 
than ever before. 
 

 
Figure 18 – MONET Network: Wildlife Observation 
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2.2.3.7 Waste Management 
Waste materials management is a wide concept of operations for a large variety of 
companies. From urban junk, rubbish and recycling to hazardous or polluted waste collection 
and processing, company’s activities often take place in non-urban areas where 
communications infrastructure reliability can be a problem thus compromising coordination 
between parties on the field. 
 
MONET network technology can be a part of a better working, more efficient waste removal 
industry, by taking advantage of the particular characteristics and suitability of hybrid mobile 
ad-hoc wireless and satellite networks. Mobile teams, working around the clock in waste 
removal companies need constant coordination, route adaptation and rapid pick-and-point 
waste spots identification. 
 
Constant communication is needed between team members on the field, for instance if 
collection is made in remote areas, coordination between vehicles and party elements is 
essential at all time, as can be seen in Figure 19. If hazardous material is involved in the 
collection process, it becomes even more important to have a secure communication 
between collectors in the bounders of the spilled hazardous material (for instance), 
regardless of the size of the affected area. 
 
MONET also assures constant coordination between processing facilities and mobile teams 
which will inevitably lead to process optimization, cost cutting and better management of 
personnel and resources. In the industry of waste management, it is expectable to have to 
have up to 50 nodes in a MONET deployed network, with distances up to 5000 meters 
(between nodes with no satellite capability); this network would demand only low throughput 
rates along with voice capability, and on-demand connectivity (when the field teams are 
deployed only, instead of permanent always-on connectivity). 
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Figure 19 – Application of MONET Network: Waste Management 

 

2.2.3.8 Technical assistance and troubleshooting 
MONET nodes enable exceptional coordination between workers of technical and 
maintenance teams assigned to diagnose or solve problems and breakdowns related to 
communications or to facilities and equipment in locations with low connectivity, remote or 
otherwise, for example communication disruptions (cables or towers), high-power failures 
(lines or remote producing facilities) or malfunctions in distant pipelines (oil, gas, etc). The 
maintenance industry generally requires constant monitoring of equipment or facilities by 
mobile teams, where their efficiency and service quality, strongly depends on coordination. 
 
Looking at Figure 20, it is easy to understand that constant communication between small 
groups of workers is essential to save time and cut costs whether the task is replacing a 
pipeline section, a fibre branch, or a big power transformer, mobile teams need to be well 
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coordinated (a perfect application of a MANET), however coordination doesn’t end here; 
besides low-scale communications, teams need to constantly report to the main operations 
centre and constantly receive data from an intranet or the internet, which can be provided by 
the satellite links in case no connection to the outside world is available. In this case the 
satellite will provide the persistent-reliable connection to the network’s backbone. 
 
Better coordination leads to better results, higher quality services provided by the companies 
and working time reduction. All this is achievable by applying MONET technology to pickets 
working outside the company’s HQ, providing them with a size of network adaptable to their 
needs: up to 50 nodes, ranging more than 1000 meters between them, a network able to 
provide the workers on the field with voice services as well as a high throughput data rates 
capability (for rapid transmission of big packets of relevant data). 
 

 
Figure 20 – MONET Network: Technical Assistance 
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2.2.3.9 Archaeological excavation sites 
Archaeology digs are commonly conducted by universities, museums, cultural resource 
firms, and historical societies year-round, all over the planet. Some digs make use mostly of 
volunteer workforces: some are limited to professionals or student archaeologists, and some 
use combined workforces. Also, some archaeology digs are long term, lasting for months 
lending a semi-permanent duration to the enterprise while others are as short as a few days 
or weeks. Also, their geographical dispersion is substantial with archaeological digs and 
research activities being conducted all over the world. 
 
Depending on the type of site, archaeological excavation can follow different exploration 
techniques such as vertical excavation or horizontal/open area excavation (among others). In 
communication and coordination terms, this means this activity (that often takes place in very 
heterogeneous environments involving both activities indoors or inside ruins and outdoors) 
needs constant channels of communication between archaeologists and their working crews 
(logistic, managers, history sources and distant libraries) regardless of their location. 
Currently, this connectivity is achieved through a satellite link directly at the excavation site 
which is generally not shared between users, or through “back-office” connections outside 
the excavation sites at nearby towns or villages. 
 
In addition to the usual remoteness of archaeological activity, there is the need of constant 
connectivity between the backbone of the network (e.g. providing an internet connection) and 
the different mobile parties. The ad-hoc wireless network provided by MONET combined with 
the satellite link (one node can be placed at the entrance of a building or ruins, see Figure 
21) provides full connection and instant access to all activities taking place, ultimately 
achieving higher control over every task of the explorers, better coordination and 
cataloguing, better timings, faster exchanges of information with back-office resources such 
as libraries and cost minimizing. 
 
Such a kind of MONET system would not have a big amount of (or very sparsely distanced) 
deployed nodes: up to a few dozens only. However beside careful placement of satellite-able 
nodes (entrances or places with good satellite LoS), the final system must be able to provide 
always-on connectivity along with high throughput data rates (to send via satellite to a remote 
coordinating entity lots of relevant technical data about whichever finding, for example). 
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Figure 21 – MONET Network applied to Archaeology 

 

2.2.3.10 Speleological expeditions or quarrying exploration 
Speleological expeditions aim to study, explore, and conserve cave and karst4 resources, 
protect access to caves, its management and their unique environments. Obviously, 
speleology does require some field work. Many speleologists actively visit caves so that they 
can study the natural cave environment while mapping them and taking data. Some 
researchers actually start out as amateur spelunkers5 before getting more interested in the 
scientific aspects of cave origins and characteristics. As with other sciences which have a 
field component, speleology requires physical fitness and some interest in outdoor activities, 
as well as an ability to use field equipment ranging from climbing supplies to ground 
penetrating radars. 
 
Speleology can also involve the study of underground bodies of water, which can be 
extremely useful when people want to learn more about a water supply. The study of caves 
is also critical in industries like mining, where people routinely enter caves, both natural and 
manufactured to extract minerals or rocks. It is important to know about the geology and 
morphology of the cave environment in order to ensure worker safety and economical 
returns. Some archaeologists also study speleology, since caves are sometimes rich in 
archaeological material, as do biologists interested in the interactions between the cave 
environment and the surface world. 
 

                                                
4 For speleologists, karst (from the german karst) usually refers to an area of irregular limestone in 
which erosion as produced fissures, sinks, etc. 
5 Spelunker is intended as a person who explores caves chiefly as a hobby; a caver. 
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The term ‘quarrying’ is often associated with a place where natural stone is extracted to 
produce building stone or dimension stone as the term ‘mining’ was similarly associated with 
places where minerals were extracted to produce metals or coal. Today, a quarry is any 
surface working where minerals are extracted but may also be known around the world as 
‘surface mine’, ‘open pit’ or ‘opencast mine’. 
 
Quarrying methods depend chiefly on the desired size and shape of the stone and its 
physical characteristics. For industrial use (e.g., limestone for preparing cement), as the 
aggregate in concrete, or for road beds, the rock is shattered. Explosives are detonated in a 
series of holes drilled in the rock in a pattern designed to yield the greatest amount of 
fracturing. The rock fragments may be further reduced in crushing machines and sorted 
according to size by screening. For building stone, rocks that do not shatter are separated by 
blasting; for softer rocks or when explosives cannot be used (e.g., because they would 
disturb adjacent workings or populations), a process known as broaching, or channelling, is 
used. In this process a line of holes is drilled perpendicular to the joints or cleavage planes of 
a formation; wedges are inserted into the holes and hammered until the stone splits off. 
 
So both activities (quarrying and speleology) share several points when looked from a 
network communications point of view: 

 Mixed environment: underground and surface - a MANET is desirable for connecting 
every node, person, machine or device; 

 Backhaul connectivity: when in open space, beside a MANET network, a satellite link 
has to be provided in order to achieve reliable connectivity to the internet or distant 
points/MANETs. 

This is clearly a suitable and potentially profitable use-case for MONET networks technology. 
 
Assuring that a MONET node has a path or route (single or multi-hop) to a satellite link at all 
time (which means that at least one node must be making the bridge between the network’s 
backbone and the underground MANET) outside as shown in Figure 22, is the key for 
achieving better coordination, timing and resource optimization and therefore cutting costs at 
operational level by applying MONET to quarrying or speleology activities. Such a MONET 
application would naturally be constituted by up to 50 nodes with short distances between 
them (1000 meters, at most) with always-on connectivity and streaming capability (to 
broadcast live action from a spelunker descending point of view for example). 
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Figure 22 – MONET Network applied to Speleology and Mining 

 

2.2.3.11 Remote building and construction sites 
The construction industry often has to carry out its activities far from established 
communications structures and towns (for example when building a dam, a railway or a 
highway), and very often has to bring its own communications solution to the construction 
site, whether it is a skyscraper, a dam, a power plant, a wind turbine station or an outpost 
that is being built. As shown in Figure 23, regardless of vertical or horizontal construction, 
size, depth or remoteness, construction sites always need good connectivity between 
workers, mobile vehicles and companies’ HQ (e.g. for work reporting, provisioning of building 
materials, construction inspection, etc.) 
 
MONET is especially indicated for remotely located construction sites as it provides improved 
always-on dependable connectivity, coordination and mobility to workers and vehicles in the 
construction industry. Closer monitoring of building progress is also a reality for the company 
coordination centre, as the MONET network easily provides dedicated and reliable video and 
audio streaming of whichever desired feature, like instant transmission of important technical 
data between construction HQ and the workers themselves, through a high data rate 
connection provided by the MONET System, even if it is expected to have a big amount of 
deployed nodes (like up to a hundred). 
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Figure 23 – MONET Network: Construction Sites 

 

2.2.3.12 Drilling 
In a similar fashion to a construction site application (see 2.2.3.11) of MONET, the drilling 
industry carries out their main activities in often isolated sites, where the initial exploration 
purpose is located. As such, the drilling company has to deploy its own communications 
system and not be dependable on regular terrestrial communication infrastructure. Whether it 
is a MONET deployment in an extensive oil field or a single oil well location, it will have a 
mobile support staff associated: transport trucks, task field workers, automated vehicles or 
pipeline monitoring devices (see Figure 24). 
 
Constant communication has to be a reliable asset between entities in the drilling industry at 
the exploration site and its associated services and staff. Therefore MONET is a highly 
suitable solution for this line of business, with a system varying from a few node to 50 nodes 
with short distances between them (1000 meters, at most) with always-on connectivity and 
backup nodes in idle or offline mode (to assure rapid deployment of mobile teams in the field 
if solicited for example). 
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Figure 24 – MONET network: Drilling 

 

2.2.3.13 Offshore Platforms 
MONET applied to oil platforms can be considered as sites with a similar configuration as 
remote temporary settlement deployment (see 2.2.3.14) of MONET. An offshore platform is 
located in a site obviously deprived of normal terrestrial communication technologies 
associated with the necessity of having to house workers and machinery needed to drill wells 
into the gas or oil reserve and then ship or pipe it to shore located facilities. 
 
The extraction of volatile substances sometimes under extreme pressure in a hostile 
environment means risk. A risk that can be diminished with a reliable, independent, flexible, 
autonomous, fail-connectivity proof communications system: MONET. In fact providing these 
kinds of services to the entire platform, its personnel and its autonomous devices 
(monitoring, working, etc) is a perfect task to the MONET network (see Figure 25). Such a 
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network would have its nodes not distanced more than 1000 meters in height or width (due to 
obvious space constraints in an offshore platform), and have to provide basic networking 
services (like voice communications) as well as high-throughput data connection (either for 
data transmission to shore and streaming to live monitoring or reporting of whatever events) 
with an important and stable always-on stance of operation. 
 

 
Figure 25 – MONET network: Offshore Platform 

 

2.2.3.14 Temporary settlement 
Sometimes, in a wide range of industry and commercial activities a small community has to 
be established during some weeks or months or even a few years at a remote location, e.g. 
due to film making on a remote scenario, construction (of a dam, communication tower, wind 
generator or solar plant), seasonal fauna or flora observation, wild flora exploration (like wild 
mushrooms, fruit, etc). 

 
Also needless to say, activities triggered by extraordinary occurrences (man-made or natural) 
that clearly call for rapid deployment of aid or rescue teams also require temporary 
settlements. These cannot dispense permanent reliable communications between parties’ 
members at all time under every circumstance. Problems related with ad-hoc networking like 
performance, robustness, survivability, redundancy, real-time requirements or management 
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problems are particularly interesting for MONET systems, as they all are targeted by 
MONET’s technological approach. 
 
In sum, temporary settlement (or re-settlement) is an area of great interest for MONET 
technology, as its adaptive, flexible technology design can solve all communication issues of 
small and medium people agglomeration at remote sites. For example, a node placed at a 
central house (see Figure 26) can easily provide a broadband internet access to several 
other buildings in a considerable wireless radius. Also, the mobile capacity of MONETs 
nodes can easily extend this dynamic connectivity of the entire network to outside the 
boundaries of the village (or settlement) itself, making it ideal for activities that are not as 
fixed as a normal settlement, but have that same settlement working as an outpost or centre 
of operations (as explained before). 
 
Although this kind of MONET use-case does not foresee a network with wide distances 
between deployed nodes, it is however expected a big amount of closely installed nodes with 
high demands in terms of connectivity and data rates (it must grant normal access to the 
internet and all its demanding applications to every average user, for example). 
 

 
Figure 26 – MONET Network: Settlements 
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2.2.3.15 MONET Use-cases — Mobile Enterprise Overview 
Table 4 provides a summary of the potential use-cases defined previously. In it the average 
foreseen number of nodes, the desired communications range and the preferred network 
services are given. 
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Settlement 5 to 100 < 1000 • •   • •

Table 4 – Mobile Enterprise Overview 
 

2.3 Concept of Operations 
The entire concept of operations for a MONET system is explained in this section. Given the 
importance of the use-cases defined in sections 2.2.1 and 2.2.2 (public safety and airport 
control use-cases) and the obvious applicability of MONET to these, the concept of 
operations will be focused on these particular use-cases. Still references to enterprise use-
cases will be made whenever possible or whenever the concept of operations is applicable. 
The concept of operations begins with the system stored and ready to be deployed by the 
MONET system owner. Thus the MONET system is stored in stand-by, a near-ready-to-use 
state whichever the line of action or business. 
 
The owner is sensitive to a meaningful event that acts as a trigger, activating the initial 
settings of the entire deployment process. Examples of trigger events from the MONET 
system perspective are: a wildfire, a speleology or archaeology expedition, a malfunction in a 
gas pipeline, etc. The stored MONET is initialized with initial (and expected field) network 
configurations entering a stand-by mode (ideal for transportation and deployment for 
example). The system begins its deployment phase, with the wireless ad-hoc nodes, either 
mobile or fixed being placed, thus creating a ready-to-use wireless terrestrial network in most 
cases not connected to a network backbone (internet connection for instance). This is 
followed by the deployment of the satellite nodes according to foreseen demand of wireless 
nodes or as dictated in command centres. This will bring the MONET to a full capacity state. 
This entire phase depends on node transportation, setting-up and readiness. It is expected to 
last no longer than a few hours. 
 
The network adapts according to event evolution and user (or owner) demands, providing full 
connectivity to every entity involved in the event or activity. Network management 
mechanisms keep the entire network reliable, up and running as specified. The ad-hoc 
characteristic of the network ensures an instantaneous adaptation of the system to the event 
(in question), for example a forest fire with obvious mobility of intervenient entities. Overall 
operation of the MONET network is performed by the users after deployment. Users make 
use of the services provided and depending on their willingness or configured profile may 
have access to advanced functionalities related to network configuration constraints 
definition or network monitoring. While operating, a stable deployed MONET network can be 
modified at all times, either by increasing/decreasing the number of nodes (including more 
nodes with satellite links), distance changes between nodes, appearance of new events that 
trigger re-configurations or re-deployments or the use of different services. 
 
A resource or routing optimized combined MANET-Satellite network is highly suited for 
environments where fixed network infrastructure is either damaged, insufficient or not 
available, such as in the case of natural (or man-made) disasters and mobile enterprise (as 
explained in the previous sections) where the exploration of heterogeneous networks 
operations can bring significant added value. In the case of emergency response or disaster 
relief, MONET provides a solution which, while being efficient for operations and meeting the 
demands of emergency responders, reduces significantly the costs and time needed to setup and 
maintain an access infrastructure. For instance, in a disaster relief scenario the usage of MONET 
might save several hours in the initial network deployment process, and minimize costs and effort 
of network restructuring and reconfiguration activities. 
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MONET deployment and exploitation will be designed to be as ready-to-use and plug-and-play as 
possible. To achieve the full MONET network capability, correct deployment of nodes must be 
assured and the deployment process has essentially three phases: Satellite Link Setup, Nodes 
Deployment and Network Management. 
 
The concept of operations is represented in Figure 27. 
 

 
Figure 27 – MONET Concept of Operations 

 

2.3.1 MONET network topology  
A MONET system is intended to serve its owner: a company (whichever field of business), a 
Non Governmental Organization (NGO), a public service provider or a military corporation. 
Depending on the precise objectives of the specific MONET deployment, the entity running 
the network might not be the same entity that owns it. For instance, in case of a natural 
catastrophe like a flood or a hurricane the network is being ran and deployed on the field by 
firemen or emergency first response teams (like paramedics, ambulances, salvagers). In 
practical terms, these are the entities responsible for running, deploying (possibly even 
maintaining the network), nevertheless the MONET network itself is owned by a larger 
coordinating entity, a public safety one such as a Civil Protection authority or a ministry. 
 
The system is composed by nodes with satellite link communication capability and nodes 
without such a feature (see Figure 28). Regarding MONET’s satellite segment of the 
network, it is considered to be always a non-proprietary service, leased or rented by a third-
party Satellite Service Provider (SSP) company (such as Inmarsat, Iridium, Eutelesat, SES-
Astra, etc). This partner and its services are carefully selected according to the particular 
characteristics of the MONET network and its owner purposes. As such, there are some 
considerations that must be addressed about the satellite segment of the network to be 
deployed: 
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 Satellite User Terminal (UT) regime: normally the SSP will suggest different 
approaches for the acquisition of the UT hardware, like lease or buy. A brief 
economic viability study should be pursued by the owner of the MONET system. 
Ultimately, the entities exploiting the MONET system will take this into consideration 
and propose adequate MONET enabled terminals. 

 SSP billing: the MONET owner must decide how to be billed for the satellite segment 
traffic, and very often there are two major distinct ways of doing this: time-based and 
traffic-based. This will depend directly on the kind of business being supported by the 
MONET system (as explained in the previous sections of the present document).  

 

 
Figure 28 – Basic possible architecture of a MONET Network 

 

2.3.2 Satellite Link Setup 
After determining the kind of satellite service best suited to the client needs, it’s necessary to 
implement and setup the service itself. Concerning the SSP, the most important 
characteristics of the system to be taken into account are related to the UT itself and will be 
described in more detail in the subsequent sections. 
 

2.3.2.1 Bandwidth 
Desired bandwidth varies according to the objective expected from the MONET network. For 
instance, in a farming related activity, or in a forestry (or lumbering) campaign there isn’t a 
need for high data throughputs through the satellite link. Instead a reliable “on-demand” 
connectivity provided by the satellite link (between the HQ or distant entities on-the-ground) 
has to be guaranteed. This means that, for instance, an UT from Iridium (lower data rates, 
smaller UT) is preferable for these kinds of applications in opposition to an Inmarsat or 
Eutelsat UT (higher throughputs, bigger UTs). 
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2.3.2.2 Antenna Tracking 
The antenna tracking system of the UT will be determined by the sort of mobility that we 
expect from the nodes: 

 If a node is deployed fixedly (e.g. on top of a forest watch tower, at the entrance of a 
mine or cave, or on a building’s roof) a manually tracked UT can be deployed such as 
D-Star (multi SSP terminal, associated for instance with Eutelsat’s Broadband 
Internet access), Thrane&Thrane E-300 or Hughes 9201 (associated with Inmarsat’s 
land portable BGAN service). 

 When the node is placed on a mobile “host” like a person or his/her clothing 
(backpack, helmet), a vehicle hood or a vessel deck, an omni-directional antenna or 
an antenna with automatic beam tracking has to be the chosen solution. In this case, 
possible solutions include terminals such as the Thrane&Thrane E-727, Hughes 9250 
(associated with Inmarsat’s land mobile BGAN service) or Iridium 9522B. 

 
When a fixed location for the node with satellite capability is chosen, particular features of the 
site related to SSP specifications have to be studied in advance. Aspects such as degree 
and inclination of relative satellite position for optimization of node deployment are important 
in maximizing satellite access. Currently most of the UTs have some sort of assisted system 
pointing for the antenna, like a sound indicator that varies with accuracy of the pointing as 
represented in Figure 29. 
 

 
Figure 29 – UT Antenna Tracking. 
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2.3.2.3 Size (Satellite UT) 
Size or weight constraints can become an issue when deciding which satellite UT to integrate 
in the hybrid MONET system: if the node has to be man-carried, for example backpacked on 
a camera operator filming a wild life documentary, small form factor UT are desirable while if 
the node can be set up on a technical assistance vehicle of a utilities company rushing to a 
power failure at a distant location this aspect ceases to be as critical. 
 

2.3.3 Nodes Deployment 
A MONET network is composed by a predefined number of nodes, of which only some have 
satellite link capability (as shown in Figure 30), depending on the particular needs of the 
overall system. If the network is deployed at a mine exploration, for instance, a single hybrid 
node (MANET/satellite link) placed outside with chosen SSP satellite in LoS might provide 
sufficient routing connectivity between all the traffic originated by whichever underground 
wireless nodes. However if the MONET network is deployed at a waste management 
company, perhaps each field vehicle will need a hybrid node, for constant communication 
among waste collection teams and HQ. 
 

 
Figure 30 – Different kinds of MONET nodes 

 
The quantity of hybrid nodes in a MONET system ultimately depends on the expected 
distance between nodes (or groups of nodes) and projected mobility because there is a 
known limited range for terrestrial communication between nodes in a MANET. 
 
The final detail to be taken into consideration when projecting and deploying a MONET 
system is the autonomy of every node (as in Figure 31): 

 If the node is fixed on a rooftop (like a central building in a temporary settlement) or 
indoors (at a window, per example) it will probably have access to an AC power-line 
— Grid-connected. 

 A node can still be fixed (on a remote watch tower, for wildfire prevention) and have 
no power-grid available. In those cases, an auxiliary power source can be deployed, 
like a small solar panel, providing full autonomy to the node and batteries — Battery 
Powered. 

 A mobile node can be either installed on a vehicle (like a jeep doing maintenance on 
a pipeline) or be man-carried (e.g. by a descending speleologist). A vehicle can 
simply provide the needed power to the node — Vehicle Power Source, whilst in the 
second case, the node is powered by inner batteries, which can be easily replaced (if 
a spare set is carried as well) and recharged, thus having limited autonomy — Battery 
auto-Recharge. 
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Figure 31 – Power possibilities for MONET nodes. 

 

2.3.4 Network Management 
After complete node installation (at fixed locations or on mobile carriers), MONET network 
management is intended to be a simple process. The entity running the network will focus 
mainly on two areas: Configuration of the system and System Livelihood. 
 

2.3.4.1.1 Configuration 

When configuring the MONET system, its responsible must comprehend some important 
factors that characterize the MONET network itself. These important factors are: 
 

 Total quantity of MONET nodes 

o Actual size of the terrestrial cluster of network; 

 Location and distance between MONET nodes 

o Symbolic representation of the network; 

o Mapping of location and range between nodes and cluster of nodes; 

o How access to the network backbone is granted; 

 Mobility of MONET nodes 
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o Which nodes are fixed (if any) and which are mobile; 

 Total quantity of MONET nodes with satellite UT (if not all) 

o Percentage of MONET nodes that are able to communicate via satellite link; 

 Power source of MONET nodes 

o Way of each node is being powered. 

 

Assessment of all the previous parameters ensures a correct deployment and operation 
initialization of the entire system. By definition a MONET network is designed to be an ad-
hoc hybrid network, which means that such a network will automatically configure and 
dynamically re-configure itself regardless of node movement. As such, configuration of the 
system, although essential, will not be a recurrent preoccupation for the network owner. 

 

2.3.4.1.2 Livelihood 

The final step on a MONET deployment process is a monitoring one. Verification of the 
network status can be simplified by the use of software tools, accessible to the owner of the 
MONET system. These tools can perform tasks regarding three parameters of the network, 
feeding useful information about network health, stability and performance to the responsible 
for the MONET. The three tasks concerning MONET livelihood are: 
 

 Maintenance information 

o Bridging between nodes data 

o Most used satellite link (if applicable) 

o Satellite traffic and time usage 

 Performance reports 

o Updates on traffic routing 

o Nodes’ capacity report 

 Autonomy alerts 

o Expected autonomy of stand-alone nodes 

o Battery alerts (if applicable) 

 

3 Network high level characterization 
This sub-section will provide a brief overview of the MONET network at high level, focusing 
on the end-user’s point of view. 
 

3.1 Goals and Objectives 
From the user’s point of view, MONET provides a complete and reliable solution for 
seamless broadband communication in heterogeneous environments. It is a particularly 
attractive technology as it provides internet services to everyone at anytime and anywhere. 
 
The end-user can experience full connectivity and optimized services allowing optimal 
bandwidth allocation because MONET overcomes performance bottlenecks and roadblocks 
in a hybrid MANET-Satellite network, enabling a more pervasive and perfected network 
structure. 
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Looking through the MONET use-cases presented earlier, there are several noteworthy 
predictable goals when analysing the system from an end-user perspective: 

 Providing remote access and broadband to rural or remote areas 

o Helping to bridge the digital divide; 

o Collaborative work and e-business; 

o Everyday operations of large field teams (e. g. forest monitoring services, 
environmental service teams, community services); 

o Health services and telemedicine; 

 Providing on demand connectivity to airports and aircraft; 

 Public Safety 

o Providing emergency communications during/after disasters; 

o Forest fires, floods and earthquakes; 

o Coastal monitoring; 

 Business Improvement 

o Enhancement of inter-team communications; 

o Tune of field processes; 

o Closer and precise monitoring of events or abnormal occurrences; 

o Live feed broadcast of activities and guaranteed throughputs; 

o Increase in quality of experience; 

o Rationalization of operational costs 

o Mobility independent high-speed connectivity; 

o Worldwide coverage and geographical-free service stability; 

o Full real-time control over proprietary network system. 

 

3.2 Policies 
Different scenarios will use different policies. When a MONET system is used in public safety 
services, the use of mobility, service level, interoperability, and security should be 
considered. Public safety users are predominately group call/dispatch voice users 
[TETRA08]. They talk in group at the size around 10-20 people. One-to-many group calling 
capability will be a vital flexibility to provide neighbour awareness of rescue teams. User 
terminals have unique requirements that operate in almost hostile environments. 
Furthermore, public safety will have to control access the facilities, for example, the 
command centre is able to set up talk group, allocate the different priority level of all 
responders. All specific requirements will be defined in policies. The policies govern the use 
of MONET system to perform complete functionalities in use-cases. When a MONET system 
is used in mobile enterprise scenarios, how to provide interoperability and how to secure 
communication will be considered most. In general, the considerations of network 
management policy, security policy, and operational policy are most important aspects that 
should be addressed to meet the needs –functional, operational, resilience, and QoS, etc. of 
public safety users and mobile enterprise. 
 

3.2.1 Network Management Considerations 
Network management consists of various activities including radio resource management, 
mobility management, QoS management, load and traffic management, among others. The 
heterogeneity of MONET users raises some issues that will be addressed by the project at 
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architecture and optimization studies level. The following is a brief analysis of how the 
heterogeneity of users will influence network management: 

 Heterogeneous users introduce different service level requirements. MONET 
operators should define different service levels for different scenarios. These will 
include goal value, trigger points, measurement procedures, reporting requirements, 
etc. In turn this means that end-to-end availability, quality of service parameters, 
management processes, etc. should be clearly defined. 

 For public safety, mobility management should be considered differently from 
traditional mobility models [AGG09] in terms of movement, avoiding obstacles, nodes 
joining/dispatch to specific areas, and group mobility. The users of MONET 
communication systems that need reliable communications comprise civil protection 
forces, including rescue teams and fire brigades. These forces are hierarchically 
structured and their actions are strictly organised. The units do not walk around 
randomly but rather follow particular movement patterns characteristic of their modus 
operandi. Group leaders will supervise everybody else defining where and how to 
move in or out of the disaster area to work together. Thus different models for mobility 
must be considered and analysed. Different actors that are involved as 
heterogeneous users lead to heterogeneous based movements. For example, fire-
fighters belong to the incident site. Paramedics will work at a place in the catastrophe 
treatment area while transport units may carry patients between the incident site and 
treatment units such as hospitals. 

 Movement in optimal paths is always needed to avoid obstacles. For example, 
mountain rescuers will pick up patients and carry them to the direct destination that 
requires avoiding obstacles. Rescue term members or teams in an ambulance coach 
will move together as a group and they may deploy MONET communication system 
using different platforms (e.g. UAV) even though the MONET baseline will consider 
essentially terrestrial platforms. These platforms or even the satellite segment can 
use different communication channels and may not be required to join the local 
disaster communication network but play a fixed access point role in the system. 
Considering average movement speeds, the area relevant for communications may 
differ. For typical pedestrians, the movement speed is about 1-2m/s while a vehicle 
could move at 5-12m/s. The area of movement lies on the size of disaster area. It 
could go from meters to kilometres. 

 

3.2.2 Security Considerations 
Security always is an important factor to MONET system. It can have different policies for 
different scenarios.  

 Public safety users relying on MONET system require strong security management 
capacity to protect the authenticity of users and networks, and to protect the multiple 
levels of confidentiality of communications. User identity and barring must use strong 
authentication processes to validate user terminals to be used in MONET system. 
Mutual authentication of terminal and MANET, satellite segment, air interface 
encryption and end-to-end encryption of user payload are commonly used in any 
safety system. MONET will consider end-to-end security mechanisms and group key 
management for dynamic key change facilities in group communications. 

 In mobile enterprise scenarios, such as the tracking scenario, privacy may be 
needed. There are risks to disclosure the location of point interests. For example, 
attackers can kill rare wild animals if they can track the animals. Vulnerable base 
station with GPS functions can also be compromised by attackers such as terrorists 
looking for disruption of critical infrastructures (in this case communications 
networks). 
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3.2.3 Operational Considerations 
First responders may use different radios, and they generally need massive cooperation from 
neighbouring citizens and first responders from other countries or regions. Interoperability 
therefore is a design principle in public safety. This is basically about delivering the right 
message to the right person at the right time. Three categories of interoperability have to be 
considered [TETRA08]: 

 Organizational interoperability: this is about the coordinated operation between 
organizations such as police and fire brigades. 

 Cross-board interoperability: it is the cooperation with neighbours, particularly 
interesting in Europe for cooperation operations between European Community 
member states and other European countries. 

 Technical interoperability: the capability to use user terminals from multiple vendors 
and be able to communicate all the same. 

 
From a technical point of view, the complexity of MONET system is introduced by the 
diversity of hybrid MANET-satellite networks. The operational challenges in MONET will 
increase not only due to radio resources but also due to the different possible solutions. 
MONET plans to solve these challenges by applying optimization technologies in terms of 
reducing operation cost and increasing the flexibility of the system. MONET will use 
reconfiguration mechanisms to minimize the interoperability issues.  
 
Some training will be also needed to fully exploit the MONET capabilities. For example, first 
responders should be familiar with performance aspects of satellite links (i.e. 250ms-300ms 
delay), or the fact that MANET nodes generally have limited power levels that constrain the 
radio coverage range. 
 

3.3 Constraints 
The owner of a MONET-based system can encounter three major areas of constraints to its 
operation. These areas are directly associated with the three vectors of potential business 
models for MONET outcomes. 
 

3.3.1 Service Operator 
The final-user will always be subjected to a third-party pricing, due to the satellite segment of 
the installed MONET network. This segment requires a contract between that chosen third-
party company and the network owner or exploiter: a fact that can constrain MONET 
competitiveness in the market regarding other solutions. 
 
A MONET network can be entirely acquired, run and maintained by an enterprise that 
deploys the system, however that buyer company must be tied to an SSP in order for the 
MONET system to work.  
 

3.3.2 Terminal Manufacturer 
The most important constraint regarding the terminal manufacturer is autonomy of non-grid-
connected nodes or nodes connected to constant external power sources (like vehicles). A 
node relying on its batteries will need to have them recharged periodically, which pressures 
the system’s autonomy. 
 
Some potential clients might lose interest in MONET due to this singular constraint. As such, 
it is expected from the terminal manufacturer (satellite and terrestrial) to explore and 
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ultimately provide a solution for nodes deployed at locations with no power sources available 
in their vicinities (like an adapted solar panel, as in Figure 32). This can be done with fixed or 
mobile solar panels, wind turbines (or other renewable power supply sources) and optimized 
energy consumption management of the MONET node. 
 

 
Figure 32 – Autonomy Constraint 

 

3.3.3 Low robustness of network 
An average design in the MONET system can lead to an insufficient (or lack of) connectivity 
of one or more nodes: if a node with no satellite link drifts away from the closest node in 
terrestrial range or if the entire wireless ad-hoc terrestrial network moves out of range of a 
node or nodes with satellite link capacity (such as explained in Figure 33) connectivity may 
be lost. A careful design of tools that assist the initial configuration of the MONET system 
and robust auto-healing or re-configurable tools or protocols embedded on the nodes is 
absolutely required. Of course, users will have to contend with physical limitations. However, 
it is important that the network alerts entities and users themselves of possible “out-of-range 
danger” due to mobility issues. Additional potentially interesting features could include 
indication of last known position of closest nodes. 
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Figure 33 – Connectivity Constraint 

 

3.4 Stakeholders 
A complete MONET system can comprehend several stakeholders of various areas of 
expertise. After all it is a heterogeneous hybrid network communications system adaptable to 
many use-cases scenarios. The following table provides an overview of the different types of 
stakeholders of a MONET system. 
 

 Major Responsibilities Examples 

MONET network 
end-user6 

 The entity/entities operating 
the service 

 Man-packed node, 
vehicle-mobile node or fixed 
node in different business areas 
(see 2.2) 

MONET network 
owner 

 Network Maintenance 
 Network Management 
 Network Support 

 Operator supervising the 
system at the HQ in a NOC7 
facility 

Satellite Service 
Provider 

(or SSP Distribution 
Partner) 

 Function, maintenance and 
availability of satellite link 
segment 
 Accordant billing 

 Eutelsat 
 EADS Astrium 
 Inmarsat 
 Iridium 
 Etc 

Satellite Terminal 
Manufacturer 

 Development, maintenance 
and production of equipment 
and every subsystem 

 Iridium 
 Thrane & Thrane 
 Hughes 
 Etc 

Terrestrial Wireless  Function, maintenance and  TEKEVER 

                                                
6 In some cases, the MONET network end-user can simultaneously be the MONET network owner. 
7 Network Operations Centre. 
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Ad-Hoc Service 
Provider 

availability of terrestrial link 
segment 
 Accordant billing 

 Vodafone 
 T-Mobile 
 Etc 

Wireless Ad-Hoc 
Terminal 

Manufacturer 

 Development, maintenance 
and production of equipment 
and every subsystem 

 TEKEVER 
 Nokia 
 Thales Communications 
 Etc 

Satellite/Space 
Manufacturer 

 Provide coverage of land 
mass of deployed MONET 
 Provide stability of the 
infrastructures needed for the 
selected SSP 

 EADS Astrium 
 Thales Alenia Space 
 Surrey Satellite 

Technology 
 OHB System 
 Etc 

Table 5 – MONET possible Stakeholders. 
 
Each type of stakeholder will be better described and analysed in the following sub-sections. 
 

3.4.1 Network End-User 
The MONET network end-user is ultimately the person (or mechanized system) operating the 
node and using it. He or she is responsible for several tasks when operating the node on the 
field, for instance: 

 Antenna pointing (if applicable) 
 Terminal setup 

o Power source setup 
o SIM/USIM card insertion 
o Placing 
o Etc. 

 Correct usage of equipment 
 Feedback about expected and unexpected malfunction of services or equipments to 

the owner of the network (if not himself) 
 Etc. 

 
End-users examples can vary according to a wide range of activities, from the node placed 
on a plough tractor at a cotton farm or the fireman unloading a pressure hose from the truck, 
to an “always-on” connected node at a rooftop of a forest watchtower or a remotely activated 
“on-demand” node triggered by an alert leak in a pipeline. In fact, after deployment, the 
nodes can be operated by an automated entity, so the end-user might not always be a 
human user in the first line. It should be noted, that is some cases the network end-user can 
coincide with the network owner, which means that responsibilities for both perspectives 
obviously coincide. 
 

3.4.2 Network Owner 
As a stakeholder, the network owner (whether he or she is the network end-user thus 
operating it from a low-level perspective as well) is in charge of several sensitive network 
stability features and ultimately it is the responsible the correct operational process of the 
system. 
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3.4.2.1 Network Maintenance and Management 
From an operational perspective, the network owner is also the entity responsible for 
maintenance and management 

 Supervision of the network’s monitoring tools (like networking “sniffer” software, 
packet analysers, etc.) 

 Optimization and tuning of network performance 
 Data processing of network statistics (like packet loss, favourite routing paths, low-

trafficked nodes, etc.) 
 

3.4.2.2 Network Support 
The owner of the network is the entity responsible for the agreement between itself and the 
chosen SSP, and as such it is up to the SSP (depending on the contract made) to provide 
support to the satellite user terminals like firmware, software and hardware upgrades. In the 
same manner, the owner is also the entity in charge of the support of the MONET wireless 
nodes, which means as in the previous case, terminal upgrades and possible replacements. 
 

3.4.3 Satellite Service Providers 
The SSP involved in a MONET system will be the entity responsible for delivery of satellite 
communication and its supervision. Depending on the desired type of service desired by the 
client (pricing, billing base, etc.) the SSP stakeholder has to ensure correct, reliable function 
of the MONET satellite communications segment. This stakeholder has the duty of billing 
accordingly to satellite link usage and demands as well as beam coverage. 
 
There are numerous SSPs (or SSP Distribution Partners) even in Europe and all could be 
envisaged to participate in the exploitation of a system such as MONET. Some examples are 
given below: 

 EADS Astrium; 
 Inmarsat; 
 Iridium; 
 Eutelsat; 
 Speedcast; 
 Tesacom; 
 Stratos; 
 Vizada; 
 Thales Group; 
 Among others. 

 

3.4.4 Equipment Manufacturers 
Normally each major SSP has their own preferred user terminal manufacture companies. For 
example, Inmarsat’s partners that produce compatible hardware are Hughes, Thrane & 
Thrane, AdValue, etc. Other SSPs develop their own terminals, such as Iridium. Choosing an 
SSP is most likely an automatic choice of satellite equipment manufacturer in the SSP 
business. 
 
On the terrestrial terminals market however, manufacturers tend to produce more universal 
terminals that can communicate with different wireless Service Providers; in this case the 
options are considerably wider. TEKEVER for instance, has tremendous skills and proven 
experience in terrestrial ad-hoc wireless terminals, with its own product line WAC (Wireless 
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Adaptive Communications) based on European research technology (from project 
ADHOCSYS) being a strong background and a ready-made option for the MONET system. 
 
In both cases (satellite segment and wireless terrestrial ad-hoc) the stakeholder has to 
develop and manufacture a reliable system capable of providing every intended feature on a 
MONET network. Each subsystem of the terminal as well as the equipment as a whole has 
to be produced, maintained and developed or subcontracted to another company in the 
same terms. Such subsystems include: 

 Power system; 
 Antennas; 
 Radio Protocols; 
 Applicable Standards compliance 

o Electronic standards; 
o Frequency regulation; 
o Etc.; 

 Electronic Hardware; 
 Etc. 

 

3.4.5 Terrestrial Wireless Ad-Hoc Service Providers 
Terrestrial communications between nodes is assured by its respective stakeholder. There 
are examples of cellular communication companies which provide terrestrial communication 
services, like Vodafone, Orange, T-Mobile, etc. However the previous examples focus on the 
provision of cellular mobile communications. The provision of wireless ad-hoc 
communications can be left to the network owner itself (if no major support services are 
required in which case it is only required to comply with radio regulations) or by a an ad-hoc 
communications service provider. 
 

3.4.6 Satellite and Space related Infrastructure Manufacturers 
The responsibility of this stakeholder is to assure stability for all the satellite segment of the 
MONET, providing suitable operational conditions for the SSP operating MONET. Upgrades 
on satellite or other space-related infrastructures must not interfere with the stable 
maintenance of the satellite services or deployment of MONET-based networks. Of course 
this is usually ensured through protocols between the space related infrastructure 
manufacturers and the SSP, which in many cases even coincide. So, even though this 
stakeholder appears in this analysis, the amount of interaction between the rest of the 
MONET stakeholder chain and the space related infrastructure manufacturers is extremely 
limited and always done through the SSP (e.g. users may request new service capabilities to 
SSP who may in turn decide that new ground stations or new, more advanced satellite 
platforms are required, putting through a request to its satellite platform provider). 
 
Examples of companies that represent this type of stakeholder are for instance, EADS 
Astrium, Thales Alenia Space, OHB System, etc. In this line of business, SSPs are also 
closely tied to some satellite manufacturers, so opting for a certain family of SSP (or DP) will 
eventually lead to a choice of this stakeholder as well. 
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4 MONET Business Potential 

4.1 Market needs and potential  
One of the major characteristics of ad-hoc networks is that they imply cooperation between 
the users. The fact that one end-user can transmit its own traffic through other end-users’ 
terminals and therefore can use their resources for its own communication is quite a new 
concept, which is difficult to merge with the public commercial networks context. Different 
kinds of resources can be considered as “shared” in such ad-hoc network: 

 Radio resources; 
 Communication data rate 
 Battery and so on.  

On the other hand, MANET networks present nowadays a huge communication potential for 
terrestrial radio communication networks. They allow to extend the coverage area 
dynamically, to adapt the network topology to the field constraints and specificities, to 
enhance communication when no network is available, to rapidly provide communication 
capabilities over a given area and so on.  
 
Due to these characteristics, the utilisation of MANET networks has to be focused on 
collaborative networks. The first target for MONET is thus to focus on “private” networks, 
where communication is a key issue and where all the users have a common interest and a 
common goal to communicate all together. Public Safety and Security networks, military 
networks or professional networks are the most typical examples of such networks.  
 
Nowadays, military radio networks rely on highly protected radio networks (for example, 
PR4G in France). These systems are characterised by protected wave forms, encrypted data 
and low data rates. Security constraints are dimensioning and often limit interoperability with 
others networks, for example with a satellite segment. Depending on the level of security 
offered, complementary ad-hoc networks can be envisaged for tactical or non critical 
missions (welfare, logistic support and so on).  
 
Public Safety and Security networks usually rely on Personal Mobile Radio (PMR) networks, 
for example TETRA in Europe. These existing networks are comparable to military networks 
in the sense that security is a key feature and interoperability with others networks is also 
limited. Data are protected while transmitted through PMR networks. Nevertheless, 
complementary networks can also be envisaged, depending on the type of events and on the 
users considered:  

 Not all end-user entities involved in Public Safety operations have access or can 
afford a PMR network. Usually fire brigade and police forces are well equipped with 
PMR, but other entities like ambulance teams, medical staff or NGO teams do not 
have the same equipment,  

 PMR networks are particularly efficient in areas were the Core Network is deployed, 
even if deployable PMR networks also exist. In case of major natural disasters, 
existing networks may be destroyed and all type of ad-hoc, self organizing networks 
will have significant advantages,  

 Security of PMR is a key issue when dealing with hostile environments, like some 
peace keeping missions or terrorist attacks. Nevertheless, Public Safety operations 
do not always require such a security level. In the case of natural disasters or 
humanitarian aid, civilian networks can be as efficient as protected PMR networks.  

 
Professional networks can also rely on PMR or on professional GSM evolutions. 
Confidentiality of information is also a key issue in these networks even if security is less 
critical compared to Public Safety or military operations (the focus here is on confidential and 
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commercially sensitive information which may results in competitive advantages). In most 
cases (private transportation or exploitation company and so on), interoperability with other 
networks is not a key issue as there is no major requirement to interact with other networks. 
The main requirement is to provide a reliable communication capability between the 
members of the private networks.  
 
Therefore, the potential markets for MONET identified at this very first step of the study, are 
the following ones: 

 Long term evolution of Public Safety networks can consider ad-hoc capacity and take 
profit of MONET concepts. These concepts can also be applied to military networks,  

 Complement to existing infrastructure: MONET networks are complementary to short 
term and mid-term PMR or military networks,  

 Enhancement of professional networks: Ad-hoc capacity could enlarge the coverage 
of the networks without requiring the development and/or deployment of fixed 
infrastructures. 

 

 
Figure 34 – Market perspectives at short, mid and long term 

 
The MONET concept can also have considerable impact on the types of products to explore 
in the coming years. The possibility to design, develop, implement and commercially exploit 
hybrid ad-hoc satellite networks will lead to the appearance of new or specifically related 
products. At this stage of the study, we can envisage three lines of potential exploitation of 
MONET results:  

 First possibility is to define innovative and efficient end-to-end protocols or 
mechanisms to be integrated in future ad-hoc hybrid networks. Those mechanisms 
can be independent of the physical radio communication links and therefore be 
adaptable to different networks and radio technologies, in different contexts. In this 
case, patents would be of added-value.  

 Second possibility is to develop a new line of products composed of ad-hoc terminal 
nodes, satellite nodes and management entities in order to provide a complete, ready 
to deploy network, to the potential end-users. The details of the different components 
of the network will be defined in more details during the study, especially the 
management and supervision processes and entities but it is possible to foresee 
already the possible development of hybrid networking enabled terrestrial radios, 
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combined Satcom-terrestrial radio terminals, Satcom waveforms, etc. In this case, the 
customers would be responsible for the operation and supervision of its new network.  

 The last possibility is to provide services and to ensure network operation and 
supervision of the network itself. Products to be sold include terminal nodes, satellite 
and/or terrestrial, and all supervision pieces of equipment belong to the system 
operator.  

 

4.2 Business models and cases 
Several business models can be assessed according to the approach selected for the 
exploitation. As described in the previous chapters, three business models, hereafter 
described could be envisaged. It could be noticed that these three models have a different 
position within the value chain:   

 In case of development of ad-hoc protocols and mechanisms, the business case is 
the one of a research organism which brings new innovative solutions to the market. 
The revenues will come both from the patents generated by the new invention and 
from the commercial sales of software products. Investment and risks are easily born 
by small entities (either research organisation or SMEs). The Capital cost (CAPEX) is 
limited and no operation cost (OPEX) is required at this stage. 

 The second business model takes into account the role of a terminal manufacturer 
which integrates in the final product the ad-hoc mechanisms and protocols. The 
business case appears higher in the value chain than the previous one. Risk and 
investment are also higher as the design, development and validation of a product 
“ready to sell” is required (engineering costs). Such a model would require a CAPEX 
investment, but is relatively OPEX free as equipment manufacturers do not 
necessarily explore the network or offer any services. One key aspect is also the 
Return on Investment (ROI) period which may be long.      

 The third case corresponds to the next level in the value chain. The role model is the 
one of a service operator. Several hypotheses can be considered on the involvement 
of this operator within the value chain. It may be involved (at different depths) in the 
development of the product itself. In such cases, its business model should also take 
into account the sharing of both CAPEX and risks with the manufacturer. If we 
assume that both roles are clearly separated, the business model of the operator 
includes the cost of the equipment and the initial set up of a network operation centre 
as CAPEX and requires an annual OPEX cost to operate the networks. 

 
The following figure presents in a graphic form the discussion of the previous points. As the 
business cases rises along the value chain (from top to bottom in the figure), so the CAPEX 
and OPEX rise correspondingly. 
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Figure 35 – Three potential business models for MONET outcomes 
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