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Abstract

Restoring the connectivity in the emergency areas and providing NAV/COM services able to support
and coordinate the rescue teams represent two of the main telecommunication needs for an efficient
emergency situation management. SALICE (Satellite-Assisted Locallzation and Communication system
for Emergency services) Project aimed at identifying the system architecture and the most suitable
solutions to be adopted in the future integrated reconfigurable NAV/COM systems, also analyzing their
feasibility in realistic emergency scenarios. The objective of this paper is to analyse the proposed strategies
and the most significant project results in pursuing both the global coverage of the emergency areas and

the development of a reconfigurable and cooperative NAV/COM system.

I. INTRODUCTION: SALICE PROJECT MOTIVATION

Future emergency systems will be characterized by the integration of meshed heterogeneous networks,
based on both satellite and terrestrial segments [1] [2]; in this architecture the satellite infrastructure will

play a lead role for its independence to the catastrophic event as well as for its ability of delivering



information over a large area, providing localization information and collecting data from the sensors
deployed on the territory. Particularly, in case of natural or man originated disasters the urgent need
of immediate restore of a minimal connectivity raises, in order to provide first response to emergency
requests, coordinate rescue teams and allow survived people to communicate with the external world
[3]. On the other hand, the cooperation among communications and navigation systems, components and
services will be a key feature of the future emergency systems, as well: the integration of navigation
and communication systems allows the exploitation of both navigation information for communication
purpose (as for the optimization of communication techniques, the interference reduction and the location-
based information services delivery) and communication supports for navigation purpose (high precision
localization, cooperative positioning) [4] [5].

The main goal of SALICE Project was the investigation of the open issues related to this scenario and
the proposal of a proper system architecture together with the definition of the innovative solutions which
are proven beneficial for the emergency operators.

The project focused on two main aspects: achieving global coverage of the emergency area and
developing a reconfigurable cooperative NAV/COM system.

As for the global coverage objective, proper cooperative schemes, which are based on the use of gap
fillers and repeaters in a DVB-SH systems, have been defined and analyzed. These solutions are proven
to be effective in providing QoS for the considered communications and they are characterized by an
affordable complexity suitable for the deployment in the investigated scenarios. In fact, their features
make their adoption viable, particularly in the intervention phases, immediately after the disaster. Recon-
figurability, interconnection and interoperability aspects are analysed and proper strategies of cooperation
between High Altitude Platforms (HAPs) and ad-hoc deployed networks, e.g., MANETs (Mobile Ad-
hoc Networks) have been studied. These solutions can support the search and rescue units by providing
remote connectivity to Emergency Control Centers (ECCs), supporting the local connectivity, which is
guaranteed by ad-hoc deployed wireless networks adopted also to compensate for lack of direct satellite
visibility in hostile propagation environments.

As regard the objective of developing a reconfigurable cooperative NAV/COM system, in the framework



of the considered architecture, an original assisted localization technique has been proposed. It is based on
the integration of GPS information and the information received from other in loco terminals. Addressing
to one of the main operational scenario, the proposed technique permits the localization of partially
obscured GNSS terminals thanks to the transmission of aiding information coming from GNSS line of
sight terminals. Such algorithm has been studied by simulation and implemented by Software Defined
Radio (SDR) technology, enabling the development of a fully software device (which is defined the
SALICE Terminal) to be adopted in the emergency context. The achieved results have shown that this
technique can be considered for commercial applications.

The paper is organized as follows. Section II gives an overview of the SALICE project whereas Section
III provides a detailed description of the main achieved results, including the test-beds which have been
realized within the project activities. Moreover, the distinctive and innovative features of SALICE project
with respect to some of the main emergency systems proposed by European projects are highlighted in

Section IV and finally conclusions are drawn in Section V.

II. SALICE PROJECT OVERVIEW

The SALICE project was a two year (October 2008-September 2010) Italian National Research Project,
which was funded by the Italian Ministry of University and Research (MIUR) in the framework of PRIN
2007 (Research Project of Relevant National Interest). The project partners were: University of Florence
(coordinator), Polytechnic of Turin, University of Trento, Mediterranean University of Reggio Calabria,
University of Rome Tor Vergata.

As anticipated in the Introduction, the SALICE goals were to identify the system architecture and the
solutions to be adopted in the future integrated reconfigurable NAV/COM systems, also evaluating their
feasibility in realistic emergency scenarios. The main pursued objectives are: the integration between
self-organizing space and terrestrial segments in a single network infrastructure; the implementation of a
reconfigurable NAV/COM SDR based terminal; the optimization of cooperative localization algorithms

and resources management strategies to be adopted in the emergency areas.
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Fig. 1. SALICE baseline scenario

A. Baseline Scenario & System Architecture

The identification of both the application scenarios and the architectural specifications came out from a
thorough analysis of the feedbacks of the potential end-users: this procedure has permitted the definition of
the emergency system requirements and consequently the design of new solutions to guarantee NAV/COM
services in the area of intervention.

The SALICE baseline scenario is depicted in Fig.1. It is worth noticing that the terms and definitions
used to indicate the emergency actors are based on [6], although, sometimes, they are specialized or
integrated to better comply with the situations of interest for the SALICE system.

The architecture of the emergency network relies on the design of a very robust, reliable and flexible
NAV/COM network among the main rescue teams involved in the emergency operations, independently by
the presence in-loco of pre-existing public networks, which can be damaged by the disaster. A temporary
mobile station placed at the perimeter of the emergency area (MMN, Mobile Master Node) can allow the
communication between the ECC, the Emergency Vehicles (EVs) and the First Responders (FRs), through

a satellite/HAP radio link or through a transportable cellular Base Station. Both short-range (FR-FR and



EV-FR) and long-range (EV/MMN - ECC) radio links are considered together with their integration.

B. Project Research areas

The definition of the baseline scenario and the system architecture provides the guidelines for the
investigation of the two main project research areas, whose objectives and expected results are summarized
in the following:

- Integration of Heterogenous Communication Systems for Global Coverage: it aimed at guaranteeing

a global coverage of the emergency area, allowing the connection of the incident area with external
areas, through the integration and cooperation of space (satellite and HAPs) and terrestrial segments,
and supporting the provision of NAV/COM services within the area of intervention through the design
of an efficient short range network. Radio Resources Management strategies, multicast mechanisms
and protocol solutions for location/environment data and information delivery through heterogeneous
wireless networks were investigated.

- Reconfigurable and Cooperative NAV/COM System: it aimed at designing and implementing a fully
software reconfigurable SDR-based handset (SALICE Terminal), which integrates navigation and
communication capabilities and modifies itself to cope with any NAV/COM requirements for the
emergency operations coordination. A Core Localization Framework (CLF) able to seamlessly cope

and self-adapt with a heterogeneous and time-varying operational conditions was defined.

III. SALICE RESULTS

The most significant results achieved within the two main SALICE project research areas are presented

in the following, starting from the problem analysis to the solution development and validation.

A. Achieving Global Coverage of the Emergency Area

In an emergency scenario several radio links with different communication modes and coverage
capabilities can coexist: this section deals with the integration of heterogeneous communication systems
within the emergency NAV/COM network. This network can be split into two different sub-networks,

based on their coverage features: a Long Range Network (LRN) and a Short Range Network (also called



Incident Area Network, IAN). The LRN comprises satellite (GEO and LEO) and HAP systems and
enables the communications between the incident area and the external zones [7] [8] [9], while the IAN
is a self-forming temporary ad-hoc network deployed on the scene of an incident to replace the damaged
network infrastructure and able to support personal and local communications among different public
safety end-users.

In the following, possible cooperative solutions for both hybrid satellite terrestrial systems and HAP-
MANET networks are defined and studied and the behaviour of coexisting Air-Interfaces in the IAN is
analyzed.

1) Satellite/Terrestrial Cooperation: Among the different phases of a public emergency situation
management (preparedness, response, recovery and mitigation), the adoption of a hybrid satellite terrestrial
cooperative system turns to be one of the most feasible solutions in the first response phase of a
disaster. With the aim to connect the rescue teams operating in the emergency area with the outside
world, the implementation of a hybrid satellite terrestrial cooperative Single Frequency Network (SFN)
is analysed. In particular, the provision of a reliable communication in the absence of an available
terrestrial infrastructure and good channel propagation condition forces to investigate both the diversity
techniques and the cooperative algorithms to overcome the performance degradation.

Low complexity cooperative relaying schemes based on the combination of the Delay Diversity (DD)
technique and the MRC (Maximal Ratio Combiner) receive diversity algorithm are proposed for a DVB-
SH compliant hybrid satellite/terrestrial network (SH-A Architecture) [10] [11]. Both pros and cons of
the additional frequency diversity afforded by the DD method are analysed and the adoption of a simple
algorithm for channel estimation is investigated [12] as a solution to exploit the performance improvement
of the coded OFDM system.

In a hybrid satellite terrestrial relaying scheme, independent faded and delayed copies of the transmitted
signal are received either from the satellite or from the relays; in particular, in order to implement a more
realistic system, at the receiver-end the signals coming from the relays are characterized by a higher
power with respect to the ones coming from the satellite (not equal power - neq).

In the SALICE context the relays can be represented by gap fillers, identified with temporary mobile



stations placed at the perimeter of the disaster site (MMNs). Moreover, the satellite-destination and the
satellite-relay links are supposed to be in an alternation of LOS/NLOS (Line of Sight/Non Line of Sight)
visibility condition, while a multipath channel (with Rayleigh Distribution) is considered between the
relays and the destination. It is important to notice that the equivalent channel perceived by the end user
is a hybrid channel, which consists of terrestrial and satellite components and is characterized by a mix
of the LOS and the NLOS propagation conditions.

Simulations results show that combining the cooperative DD technique with the MRC receive diversity
scheme permits to achieve an interesting BER-performance which overcomes the performance of a
terrestrial system through the exploitation of both the channel propagation features and the spatial diversity
gain. The BER performance of 2-relay systems in the City setting, assuming a double-antenna equipped
receiver is reported in Fig.2; in particular the comparison between the cooperative DD scheme with and
without the MRC receive diversity algorithm is depicted, showing the 2-relay DD-2RX system gain of

5-6dB for BER=10"* over the 2-relay DD one.
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Fig. 2. Performance comparison of DVB-SH (SH-A Architecture: Mode 1K, QPSK) system among: satellite-only, terrestrial-

only, N-Relay Cooperative DD and N-Relay Cooperative DD combined with MRC, with N = 2 in City environment.



It is worth highlighting that a two element antenna equipped destination node, required for the
implementation of the MRC algorithm, can be represented by an anchor node able to coordinate the
rescuers of its team according to the information received from the ECC. With these assumptions the
presence of two antennas at the receiver end does not represent a limitation in terms of equipment cost
and size. In fact, thanks to the performance achieved with this diversity scheme, just one anchor node is
required for a team of rescuers.

2) HAP/MANET cooperation: The strong heterogeneity of SALICE architecture poses several chal-
lenges in the definition of an efficient Radio Resource Management (RRM) scheme. The employment
of Multimedia Broadcast/Multicast Services (MBMS) in the Incident Area can enhance the system
performance, since multicast emergency transmissions can be delivered to groups of FRs at the same
time; thus avoiding data duplications both in the core network and over the air interface [13]. Further
improvements in terms system capacity can be achieved extending cellular system coverage through the
aid of self-organizing MANETS. Simulation campaigns have been conducted considering the altitude of
the HAPs and the radius of the cells equal to 22 and 2.6km, respectively.

Moreover, as for the HAP model, the channel is HS-DSCH and the path loss model is free space affected
by roof top scattering and multiple Screen Diffraction; on the other hand, the MANET propagation model
and routing protocol are two ray ground and ODMREP, respectively. Finally, the following application
scenarios have been taken into account: (i) terrestrial network involved in the disaster area is not available
any more and in this case long-range communications are guaranteed by a stand-alone HAP [14]; (ii) a
FRs team is interested to receive multicast emergency transmissions (e.g., download of images or maps)
provided by ECC; (iii) HAP supports High Speed Packet Access (HSPA) connections; (iv) some of the
end-devices of FRs (i.e., SALICE Terminals) have both the HSPA and the WiFi radio interfaces and can
act as Anchor Nodes (ANs).

Cooperation is performed through the AN which downloads data traffic over HSPA link and exchange
data with other FRs in the MANET over the WiFi interface thanks to the On Demand Multicast Routing
Protocol (ODMRP). It is a mesh-based routing protocol for MANET which guarantees high scalability

and reliability [15]. The most evident result obtained is the relevant increment of the system capacity due
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Fig. 3. PDR per multicast group as a function of the number of multicast receivers and HSPA data rate

to the introduction of the cooperative multi-hop access. It depends on the particular scenario and on the
reciprocal visibility of FRs devices. This increment does not requires any augmentation of the cellular
network infrastructure, because the access to the WiFi network is directly offered by the terminal. From
Fig. 3, it can be noted an improvement in terms of Packet Delivery Ratio (PDR) when the number of nodes
connected to the same AN increases. Such an improvement is due to the mesh routing protocol supported
by ODMREP algorithm that also allows an increment of the overall system capacity and scalability. The
prize to pay is in terms of delay (see Fig. 4) and data-rate reduction of the multicast users connected
through the WiFi interface. This is due to the higher packets collision when the number of packets per
second provided by a single AN increases. The dashed line represents a possible threshold (ThrQoS) of
acceptable PDR. This threshold determines the maximum Data Rate supported by MANET and, moreover,
it defines the number of User Equipments under which a HAP/MANET cooperation is not suitable.

In order to support cooperation and to efficiently manage the HAP radio resources, the HSPA signalling
feedback procedure based on Channel Quality Indicator (CQI) [16] can be modified foreseeing the
introduction of further two fields: (i) the number of users belonging to the multicast group; (ii) the
maximum Data Rate guaranteed by MANET for a given PDR. Modulation, coding scheme and schedule
policies will be adjusted every CQI report cycle [16] on the basis of feedbacks provided by the ANs

with the purpose of guaranteeing a given PDR. The introduction of these new features into the HAP
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RRM requires negligible modifications also in the ODMRP (On-Demand Multicast Routing Protocol)
protocol. Specifically, new Signalling and Control Packets have to be introduced to efficiently manage
the multicast MANET receivers and to establish the maximum number of users connected to the AN. If
cooperation is not feasible, HAP will activate many point-to-point connections equal to the number of
users requiring the multicast service, according to HSPA standard. Obviously, this situation leads to a
significant reduction in term of system capacity.

3) Coexisting Air Interfaces in the IAN: An IAN should be used for both voice/video/data transmissions
and wireless sensor communications in the local and/or personal area. Therefore, the approach to the
definition of an IAN for emergency service management is the following. The user, e.g., a rescue team
member, is provided with a Relief Member Unit (RMU) which is a network node with multi-standard
capabilities and bridge functionalities. The wireless networks which are essential for the use of the RMU
are: a medium range broadband wireless network (e.g. based on IEEE802.11) and a short range Low
Data Rate (LDR) wireless sensor network (e.g. based on the standard IEEE802.15.4).

The medium range broadband wireless network is used for communication between users in ad-hoc
mode permitting the exchange of videos and high quality images. The short range LDR wireless sensor
network is composed by a set of sensors for location and context detection (e.g. vital sign sensor,

temperature sensor, GNSS receiver, indoor positioning devices) with an energy-efficient air interface.
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The PHY transmission bit rate of the LDR interface ranges from few bps to 250 kbps.

The TAN should allow processing and fusion of location/context data collected by sensors and data
delivery between network nodes and the access network. Since most of the wireless sensor networks and
medium range broadband wireless network exploit unlicensed frequency bands and they can be partially
or totally overlapping in frequency, coexistence issues have to be carefully addressed.

An important aspect that has been investigated in the project is the energy efficiency of the wireless
sensor network when running in proximity of a medium range broadband wireless network. Experimental
trials have been carried out using a WiFi node and a short range wireless transceiver CC2500/2550DK
with Development Kit developed by Chipcon. The energy efficiency of the short range wireless link has

been computed as follows:

_NO-p)
Etot

ey
where N is total number of bit per packet, p is the packet error rate and E},; is the total energy consumed
by the transceiver for the transmission of one packet.

In order to characterize the behavior of the coexisting air interfaces in the IAN, the energy efficiency
was used as the performance metric and it has been evaluated as a function of the Received Signal
Strength Indicator (RSSI). Fig.5 and Fig.6 show the experimental results of the energy efficiency of the
LDR short range wireless link with and without interference. As a first result, it is worth noting that the
energy efficiency is maximized by a given value of the RSSI. This is an experimental confirmation of the
result analytically presented in [17], where the Signal to Noise Ratio (SNR) was used instead of the RSSI.
As can be noticed from the comparison of Fig.5 with Fig.6 , the maximum value of the energy efficiency
is almost one order of magnitude lower when an interfering WiFi node is present. Furthermore, the RSSI
which is required to maximize the energy efficiency is 18 dBm higher. Therefore, the performance of

the short range link is degraded by the interfering WiFi node and, as proposed in [18] [19], the use of a

coexistence algorithm is of paramount importance.
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Fig. 5. Energy efficiency of the LDR link versus the RSSI without interference.

Fig. 6. Energy efficiency of the LDR link versus the RSSI with an interferent WiFi transmitter.

B. Analysis and Development of a Reconfigurable and Cooperative System

The organization, the timely support and the safety of the FR teams rely on the availability of a robust
communications system and on the localization information. Indeed, knowing timely and accurately the
position of the rescue entities (persons and means) is a fundamental enhancement in the coordination
and planning of emergency and disaster relief operations, both in terms of efficacy and safety of the
intervention. Moreover, the restore of the wireless connectivity which has been interrupted by the partial
or total crash of the existing network infrastructures represents a relevant communication functionality that

should be ensured in the incident area network. To address these two main issues, namely the study and
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development of an integrated reconfigurable SDR device able to support the required NAV/COM services
for the emergency management and the definition of the possible countermeasueres to the evolving
emergency scenario was identified as the main objective of this research activity.

In the following, the developed integrated SDR NAV/COM demonstrator is described together with
the implemented cooperative localization solution and the analyzed multi-modal SDR-based solution.

1) Cooperative Localization Approach: Integrated SDR NAV/COM Terminal: Satellite-based systems,
for both positioning and communications, are unavoidable in situations of public emergency, where terres-
trial infrastructures could be severely damaged due to disruptive events. Worldwide satellite localization
is offered by Global Navigation Satellite Systems (GNSS), namely GPS, GLONASS and, in the future,
Galileo, enhanced by various kinds of augmentation services (e.g., EGNOS, WAAS) [20]; however, these
systems suffer from the weakness (or even the blockage) of their signals when the receiver operates
in non-open-sky (non-line-of-sight) conditions with respect to the satellites. This limitation is critical
for emergency interventions, which requires highly reliable positioning systems, in terms of availability
and continuity. Assisted GPS (AGPS) is offered today on most commercial general-purpose GPS chips.
Assistance information transmitted to the receiver can notably reduce the Time-To-First-Fix (TTFF) and
improve acquisition sensitivity [21]. Typical assistance data are: reference time, ephemeris, almanac,
approximate position of the user, Doppler frequency, code delay. However, AGPS is based on the cellular
network and therefore cannot be assumed sufficiently reliable in public emergency situations. Nonetheless,
AGPS can represent the basis for an ad-hoc framework aimed at providing assistance (aiding) for the
localization of a receiver in light-indoor condition (i.e., for which the satellite signals are seen with a
low C/NO ratio, but not as completely blocked). This framework, named peers-based aiding to GNSS
[22], [23], is intended for a scenario in which “peer terminals” assist each other in their positioning task.
The fundamental hypothesis of peers-based aiding to GNSS is that some aiding terminals have open-
sky visibility to the satellites, while other aided terminals, relatively close to the first ones, need their
assistance to acquire the satellite signals. The aiding data are exchanged via an on-board communication
module able to establish reliable short/medium range point-to-point radio links in a partially connected

network.
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As the most difficult task faced by a terminal in light-indoor is the acquisition of the satellite signals,
possibly with a very low C/Nj ratio, the main aid which is provided by an open-sky terminal is in the
acquisition phase: conceptually, the aiding-terminal informs the aided one about the Doppler frequency
for each satellite in view, as well as the position of the data bit transition. Thanks to the relative closeness
of the two peers with respect to the satellites, these estimates can be used to reduce the dimension of
the search space along the time and frequency space. Furthermore, the information about the position of
the data bit transition allows to set an adequate number of long coherent and non-coherent integrations
that enhance the signal-to-noise ratio at the acquisition stage. However, the effective exploitation of such
aids is possible only under the hypothesis of a fine synchronization between the internal clocks of the
peers. A synchronization between two peer clocks with less than 1 us accuracy (GPS C/A chip width)
is required for the efficacy of the peers-based aided acquisition. However this limit cannot be reached
with ordinary communication cards and common PC internal clocks, without a dedicated hardware and
suitable network synchronization protocols. For this reason an ad-hoc procedure to synchronize the clock
offset of two terminals with poor clock performance has been designed and positively tested [22]. The
two terminals must simultaneously receive the signal from at least one satellite. This is not uncommon
in light-indoor conditions, when at least one satellite has visibility enough to allow the tracking of its
signal in the GPS receiver, while all the others are too attenuated. The synchronization phase aims at
aligning the clocks of two terminals, by estimating their respective offsets. It has been demonstrated that
the same procedure can also provide an estimate of the frequency offset between the local oscillators of
the GPS front-ends installed on the two terminals [22]. These two parameters (clock offset and frequency
offset) can be used then as aiding data in the cooperative localization procedure.

Once the two peers are synchronized, the cooperative peers-based acquisition is enabled [23]. Dif-
ferently from AGPS, a peers-based approach exploits as much as possible the mutual proximity of the
terminals involved in the aiding procedure, making the reasonable assumption that the local environment
seen by a certain terminal is similar enough to that seen by close terminals and allowing the beneficial
exchange of ”local” information such as C/Ny ratios, Doppler frequency shifts, bit synchronization,

receiver altitude and so on [24]-[26]. The cooperative localization techniques which have been studied
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have been also implemented and demonstrated in a Software Defined Radio NAV/COM device(i.e.,
within the SALICE Terminal) that enables the localization of FRs also in partially blocked satellite
environment. The SALICE Terminal is an integrated NAV/COM device which consists of two coexisting

and cooperating software modules:

- Navigation SW module which allows the localization of the terminal itself;

- Communication SW module which deals with the transmission of position parameters.

The two modules which allow the implementation of the cooperative localization algorithm, are separated
programs running on the same on-the-shelf laptop PC which has been used for the testbed: particularly,
the navigation module is a controlled TCP/IP stack protocol which is based on the N-Gene/N-Grab
platform [22] while the communication module is based on the GnuRadio [23]. The overall structure of
SALICE terminal is shown in Fig.7.

In order to validate the proposed cooperative NAV/COM system a testbed composed of two SALICE
terminals (representing two different users belonging to the same cluster of FR) has been set up.

The final validation and performance evaluation test aimed at verifying the results which can be achieved
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in a real light-indoor scenario; moreover, specific goals can be identified in the verification of the GNSS
aiding algorithm and in its integration with SDR COM modules. The test included the communication
link establishment, the synchronization issue, the aiding data creation and the exploitation of the aid
in the acquisition step. In particular, the SALICE Terminal 1 is in open-sky condition and has full
visibility of GPS satellites, while the Terminal 2 is in a light-indoor position: nonetheless, this terminal
can still find some GPS satellite in LOS visibility, but not enough to perform a correct localization
independently. Therefore, the SALICE Terminal 1 (in full visibility) plays the role of the Aiding-User
for the SALICE Terminal 2 (in partially blocked visibility) which becomes the Aided-User. A time
synchronization between the two SALICE Terminals is performed, thanks to the NTP protocol and the
IP tunnel which has been created through the GNU Radio. The distance between the two SALICE
Terminals is on the order of few meters.

In Fig.8 the position of GPS satellites for the SALICE Terminal 2 is depicted. The GPS satellites
identified by the red circles have not been considered in the Aiding Algorithm. If at least one of the
satellites identified by green circles is in visibility, the Aiding Algorithm can be performed and, possibly,
the Terminal 2 can be aided by the Aiding-User (Terminal 1).

After a proper time offset compensation, the synchronization can be accomplished and the algorithm
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can be applied at every satellite positioned in the visible zone of the aided user. The aiding algorithm
allows to reduce the probability of false detection by generating a higher correlation peak with respect
to the acquisition without aid and to lower the TTFF thanks to a reduction of the search space to be

evaluated.
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Fig. 9. Comparison between the search spaces of satellite PRN9 (without and with the aiding procedure).

As an example, we report the results achieved by the aiding algorithm for the satellites which result
to be positioned in the visible zone of the aided user during the test, namely PRN9, PRN18 and PRN27.
The sampling frequency and the coherent integration time are assumed equal to 16.3676 MHz and 20
ms, respectively.

In Fig.9 the position of GPS satellite PRN9 with respect to the antenna of the aided terminal is
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(b) Search space (2D), GPS-PRN18, aided procedure.

Fig. 10. Comparison between the search spaces of satellite PRN18 (without and with the aiding procedure)).

highlighted (Fig.9(a)). Moreover, the search spaces for the satellite are shown both in the cases of aided
and not aided acquisition: particularly, the search space (Frequency offset and Code delay are indicated
on the axes) is characterized by the absence of correlation peak when no aiding procedure is adopted
Fig.9(b). On the contrary, when the aided data are used in the acquisition procedure, a clearly visible
peak is obtained, as can be seen from Fig.9(d). Besides, the dimension of the search space intervals to
be evaluated are remarkably shorter: therefore, we end up achieving an improvement on terms of TTFF.
Finally, the correlation peak with respect to frequency value is depicted in Fig.9(c). The same situation
can be verified for satellite 18 and 27, as indicated in Fig.10 and Fig.11 which otherwise would not be
acquired because of their low carrier to noise ratio. In both cases, a high peak is achieved together with

a low noise value. Hence, the probability of false detection is reduced.
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(a) Search space (2D), GPS-PRN27, no aiding.
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(b) Search space (2D), GPS-PRN27, aided procedure.

Fig. 11. Comparison between the search spaces of satellite PRN27 (without and with the aiding procedure).

In conclusion, the proposed aided acquisition procedure affords the following objectives:

- improvement of receiver sensitivity;
- reduction of probability of false detection;

- TTFF improvement.

2) Reconfigurability: SDR-based Multi-modal Terminal: The problem of restoring the lost wireless
connectivity in the incident area network has been already considered by EU WISECOM project [27]
and the envisaged solution consists of a transportable multi-standard terminal obtained by integrating in a
single box a pico-cellular base-station for GSM, another one for UMTS, a Wi-Fi access point and, finally,

a satellite transceiver used to extend the coverage. We think that a step ahead with respect to state-of-the-
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Fig. 12. Normalized power received in the 3 TDMA slots for the different standard signals: outdoor scenarios with weak LOS

(green line) and strong LOS component (red line)

art should be done by exploiting the capabilities and the potentialities of Software-Defined Radio (SDR)
technologies. In this framework, SDR should provide increased flexibility and reconfigurability, together
with other benefits in terms of reduced size and weight of the terminal, reduced power consumption,
etc. Moreover, SDR may allow to shift to a opportunistic perspective, where the reconfigurable multi-
modal terminal seeks exploitable radio resources in free unlicensed bandwidth or in bandwidth portions
previously exploited by cellular services that are hindered to work. During SALICE project activities,
the feasibility of multi-modal terminal reconfigurability has been studied and emulated by means of
a GNU-radio testbed using an USRP HW board of Ettus Corporation. Different scenarios have been
considered in the emulations, i.e. indoor, outdoor transmission, LOS and NLOS situations, etc.. In
particular, the transmission frequency was in the 2.4 GHz and following standard PHY-layer signal
formats were considered:

- GSM signal (single-carrier, GMSK modulation, channel bit-rate: 271 Kb/s);

- IEEE 802.11g OFDM mode (N=64 subcarriers, BPSK, QPSK, 16-QAM, 64-QAM modulations);

- WiMax OFDM signal (N=256 subcarriers, QPSK, 16-QAM and 64-QAM modulations).

In order to cope with bandwidth constraints of USRP device, the multiplexing of the signals has been

done by using a TDM strategy, transmitting at a data-rate, which has been conveniently scaled (see [23]
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for further details). The reconfigurable baseband receiver has been executed on a laptop supplied with
dual-core CELERON processor T3100 with CPU clock at 1.90 GHz and 2.9 GB of RAM memory. The
operating system was the LINUX UBUNTU release 9.04. We first verified the capability of the receiver
to recognize the presence (or the absence) of a transmission mode in a given time slot and to reconfigure
itself on the basis of the detected transmission mode. Such a capability has been fully verified by means
of intensive testing trials. The mode identification became impossible only at long distance (about 50
meters). Among the experimental results, we can show the values of the normalized power received in
each time slot, where the presence of a transmission mode have been detected. In Fig.12, such values are
plotted for two LOS scenarios: the first one characterized by a strong LOS signal component, the other
one characterized by a weak LOS component. The average signal-to-noise ratio reduction and the power

fluctuations are evident at a glance for the weak LOS case, as well as the increase of measured BER.

IV. SALICE DISTINCTIVE FEATURES

SALICE project focused both on:

- the integration of different technologies through the adoption and development of transmission and
resource management techniques and algorithms suitable for a quick deployment of an emergency
network able to provide the connectivity in the first hours after the disaster.

- the integration of navigation and communication functionalities through the SDR technology in
a single device able to guarantee navigation information also in critical scenarios as the ones

characterized by a partial satellite visibility.

Therefore, differently from some of the main emergency systems proposed by European projects (see
TABLE 1), which are limited to the study of a specific emergency situation need, the simultaneous
investigation on the previously described aspects have permitted to define a whole emergency system
which fulfils the main requirements of emergency situation management: the coverage of the incident
area with connectivity with the external world and the intehration of the communication and navigation
capabilities in order to cope with difficult operational conditions. It is worth highlighting that the purpose

of TABLE I is to show which of the main functionalities achieved by SALICE system were considered
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TABLE I

SALICE FUNCIONALITIES COMPARISON MATRIX

SALICE Investigated System Features WISECOM [28] | CHORIST [29] | PEACE [30]
Terrestrial Communication Technologies Integration X X X
Satellite and Terrestrial Technologies Integration X X

HAP and Terrestrial Technologies Integration

Terrestrial Communication Systems for Localization Purpose X

Navigation and Communication Capabilities Integration

Context awareness and NAV/COM SDR Device

also in other projects, emphasizing the SALICE comprehensive emergency system and its innovative

features.

V. CONCLUSIONS

In order to meet the telecommunication requirements for the management of the first response phase
of an emergency situation, SALICE project activities have been focused on two main research areas:
achieving global coverage of the emergency area and providing the rescuers with advanced NAV/COM
capable devices.

The identification of the SALICE baseline scenario, the definition of the emergency system require-
ments and of the architectural specifications have permitted to investigate both the long and short range
technologies able to guarantee the required global coverage (within the area of intervention and between
the emergency area and the external areas). The integration and cooperation of space and terrestrial
segments has been investigated together with the analysis of the PHY technologies, of the interference
effects and of the protocol solutions which can be effectively adopted in the heterogeneous IAN for
location/environment data delivery .

The viability of a SDR approach in the design of an intelligent NAV/COM device has been thoroughly
studied. For the implementation of a reconfigurable and flexible user terminal able to modify itself to cope

with any NAV/COM requirements, the integration in a single box of several communication standards
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and of communication and localization/navigation systems has been considered and the main achieved
results have been presented: a SDR NAV/COM demonstrator for rescue operations management in an
emergency scenario and a multi-modal reconfigurable terminal.

As confirmed by the obtained results, the solutions proposed to cope with the main telecommunication
problems of an emergency situation management represent promising strategies that can be seen as a
starting point for further investigation.

On a more general point of view, the SALICE project has proven that space and terrestrial communi-
cation networks and navigation and communication systems must complement each other in emergency
scenarios: in fact, where terrestrial networks are partially or totally destroyed by the disaster, space-based
systems can effectively complement surviving telecommunication infrastructures (e.g., still operating
cellular and wireless systems) and MANETs and WSNs (Wireless Sensor Networks), to provide commu-
nication restore on a wide coverage and efficient support to first responders’ interventions. Space-based
systems also may offer back-hauling capability to self-organizing distributed wireless networks and help to
de-congest the (survived) wireless terrestrial infrastructure when any. On the other hand, the cooperation
between navigation and communication services allows to assist all the FRs in their operations, also when
bad propagation conditions are experienced. Future studies and development could include a monitoring

system as complementary to the communication and navigation ones.
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