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Abstract: Abstract: Introduction: The digital cellular network is the backbone of the mobile telecommunication system. The
proliferation of mobile and wireless devices, with the demand for data and voice transmission, requires the fast evolution of the
backbone network system.
Aim of the study: The main aim of the study is a Radio-Based Prototype for A Disaster Response Cellular Network
Material and method: Theoretically, the elimination of time-consuming site surveys, multiple access networks, and manual
configuration can be achieved by enabling the network to identify and respond to requested access services.

Conclusion: Though communication is crucial in disaster response, much of the communications infrastructure may be destroyed
in many scenarios

------------------------------------------------------------------------------------------------------------

I.INTRODUCTION

1.1 OVERVIEW

The digital cellular network is the backbone of the mobile
telecommunication system. The proliferation of mobile and
wireless devices, with the demand for data and voice
transmission, requires the fast evolution of the backbone
network system. The traditional circuit-switched networks, such
as Public Switched Telephone Network (PSTN) or Integrated
Services Digital Network (ISDN), introduced between 1980 and
1990, are mainly designed to support the voice application. In
the last two decades, the internet services through mobile
devices also become possible which introduces many more
applications like short message service (SMS), electronic mail
(e-mail), multimedia messaging service (MMS), video
conferencing (e.g. Skype, Google hangout, etc.), live video
streaming (Hotstar Live, ESPN Live, etc.), buffered video
streaming (e.g. YouTube, Netflix video stream) etc. They would
pass a massive amount of data from multiple users at a time
through the PSTN or ISDN core. So, sharing the communication
link among multiple users becomes an important goal. In the
circuit-switched network, the circuit is exclusively dedicated to
a pair of users (sender and receiver) for its duration. On the
other hand, worldwide computer networks follow the packet
switching method for data communication, which comprises the
link sharing mechanism in the transmission medium. So, the

mobile network operators installed the packet-switched
technology in their backbone system to enable data
communication in mobile devices. However, the digital cellular
networks always evolve while any one of its primary entities:
the operator, the mobile user, or the internet infrastructure,
brings any new requirement to fulfill. In the last three decades,
there has been a significant evolution of the mobile
telecommunication system, and there is also a future vision of
the next generation cellular network.

1.2 COGNITIVE RADIO SENSOR NETWORKS

Cognitive Radio (CR) can be described as a radio capable of
identifying the environment, like channels and user behavior, to
learn and predict the most efficient way of utilizing the available
spectrum. The cognitive radio allows cognition in WSN
(Wireless Sensor Network,) which allows wireless
communication devices to verify in a real-time wireless
environment. The cognitive radio can ensure the utilization of
spectrum when the primary network providers allow the
unlicensed spectrum users to access the primary users or
licensed spectrum that the primary users are secured from the
CUs interface. The motivation of CR is to enhance the
successful communication models in an unlicensed spectrum
band. Their rules have enhanced the spectrum allocation in an
effective and "semi-intelligent" way, and the intrusion is
maintained under control. These methods are different from the
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common incompetent use of the spectral resource. Cognitive
radio utilizes various techniques for unlicensed band sharing
and wideband sharing to the next level. CR can enhance the
performance in multiple ways, maximize the spectrum
utilization efficiency in 4G mobile communications, wherein the
latest methods of radio access, digital broadcasting, and mobile
communication systems are differently co-located. It can
enhance the spectrum utilization efficiency based on the time
and through endless spectrum sensing and adaptive selection of
free radio resources.

II.LITERATURE REVIEW

Marriwala, Nikhil & Punj (2022). The promise of
interference-free spectrum access is essential for the widespread
adoption of cognitive radio technology. Various attacks and
their motivations are examined in this paper. The significance of
the authentication technique in foiling assaults against
interference-free spectrum use is illustrated. In this study, we
explore the ways and the need for authentication as a means of
fixing the security flaws in cognitive networks. This article
discusses the obstacles to cognitive radio network (CRN)
security research and offers solutions for CRN security
measures. The type of assault that causes the most disruption is
referred to as a spectrum sensing data falsification (SSDF)
attack. Ensuring the safety of consumers is imperative in
providing dynamic spectrum access through cognitive radio
technologies.

Zhou, Jian & Gong, Xiaotian & Sun (2021) The Satellite
Internet of Things (S-IoT) is an innovative form of mobile
Internet that leverages satellite networks to offer social network
services. The present study proposes an adaptive routing
approach for S-IoT utilising an improved double Q-learning
technique in response to the concern. Moreover, the mixed Q
value is employed for ascertaining the subsequent hop node of
data packets.

Zhang, Qifei & Song, Ying & Sun (2020). The mobility of
nodes within an opportunistic network engenders fresh
prospects for communication. When a carrier is in motion, data
can be transmitted alongside it, thereby ensuring its
independence, albeit at the expense of system performance. The
proposed system in this study is based on the mobile nature of
nodes and aims to introduce an adaptive motion-based
opportunistic routing approach. The text proposes a priority
model for data forwarding and establishes transmission rules
through a method of dividing node activity ranges from a
communication perspective. A differential replica transfer
approach is proposed as a means of achieving optimal gearbox
efficiency while minimising system overhead. A utility function
is formulated based on a node mobility model to ascertain the
optimal nodes for information relay.

Dansana, Debabrata (2020). The utilisation of underutilised
spectrum regions by unlicensed users without causing
interference to licenced users has become possible due to
technological advancements such as cognitive radio (CR). The
field of interest for CRNs is spectral sensing, which holds

significant importance in the advancement of dynamic spectrum
access (DSA). Cognitive radios are susceptible to disruption
from even minor malicious attacks, necessitating the
implementation of multiple safeguards to prevent service
interruptions. Although some research has been conducted on
CR networks (CNR), there remains a significant opportunity to
further explore the security aspects of this technology. A
comprehensive analysis of various threats, encompassing both
overarching and specific layer/feature-related concerns, is
presented. The security attributes advocated by established
security protocols have also been emphasised.

Cicioğlu, Murtaza & Çalhan, Ali (2020). Recent advances in
wireless technology and an uptick in catastrophe situations
highlight the need to coordinate the use of different wireless
technologies. With the benefits and drawbacks of current
communications, several technologies may work together for
eHealth, IoT, etc., applications during emergencies. WBAN is a
wireless network technology based on radio frequencies to
monitor bodily processes and situations via a network of sensor
nodes. Wireless communications issues, including spectrum
scarcity and wasteful utilisation, are addressed in CR's proposed
remedies. The performance analysis was conducted using the
Riverbed Modeller simulation software, while the WBAN
architecture was designed based on the IEEE 802.15.6 standard,
utilising the CSMA/C version, with the integration of CR
technology. The research findings suggest that the utilisation of
channel bonding in CR-based WBAN design resulted in a 25%
enhancement in energy efficiency and a 5% increase in packet
delivery ratio, as compared to conventional WBAN.

III.METHODOLOGY

3.1 SOFTWARE-DEFINED RADIO-BASED PROTOTYPE
FOR A DISASTER RESPONSE CELLULAR NETWORK

Significant infrastructure damage may be caused by large-scale
catastrophes. Damage to preexisting communication
infrastructure may impede rescue workers' capacity to
coordinate with one another and victims' ability to get in touch
with friends and family. As a result, it is critical that phone and
data communication services be immediately restored. As a
stopgap measure, wireless portable systems are now used.
However, these solutions usually take a long time to set up, have
a small coverage area, and require costly satellite backhaul.
Theoretically, the elimination of time-consuming site surveys,
multiple access networks, and manual configuration can be
achieved by enabling the network to identify and respond to
requested access services. Additionally, spectrum agility can
facilitate autonomous configuration of communication backhaul
in real-time to adapt to the unknown and dynamic radio
environment. The utilisation of a multi-hop backhaul network
that incorporates diverse technologies may be necessary to
satisfy the requirements of emergency responders, given the
absence of knowledge regarding the distance between the two
extant base stations that necessitate interconnection. The
efficacy of CR and SDR in hostile environments, as well as their
ability to offer support for legacy user equipment and end-user
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access services, remains inadequately established despite their
potential as technologies in a developing research domain.

3.1.1 Main contributions

The following are the chapter's primary goals and main
contributions:

• The goal is to create a catastrophe response network
that is both effective and economical.

• To determine whether the SDR can successfully
restore voice communication services after a
catastrophic event, with,

– a client side to provide communication
services (like GSM)

– a server-side to interconnect several radios
to ensure high-quality service, broad
availability, and complete coverage

• Capacity testing of the system with varied volumes
of traffic

3.1.2 Disaster and SDR-based Solutions

Quality of service, robustness, coverage, speed of deployment,
interoperability, and cost-effectiveness are among the primary
criteria for disaster response networks (DRNs), as established by
organisations like SAFECOM. Telecommunications companies
and government agencies currently provide a wide range of
quick-response network services. Even though these services are
essential and effective, they are also restricted in their coverage
area, slow to deploy, and require costly satellite backhaul even
for local calls. Interoperability, self-organization, and dynamic
spectrum utilisation are seldom provided by existing service
providers. In order to maintain a functional network until more
permanent solutions can be implemented, cognitive radio
systems have been presented as a solution approach for quick,
flexible deployment. Automated systems should be self-
configuring as much as possible. In addition, they should be
flexible enough to operate in a variety of frequencies without
needing to know the spectrum in advance and to adjust to new
and shifting conditions. Mobile flexible base stations, such as
the one seen in Figure 4.1, might be deployed in the event of a
catastrophe to offer a multi-hop backhaul, allowing users to
connect to the existing network and access the services they
need. Cognitive radio or software-defined radio using an ad hoc
wireless backhaul is not capable of supporting the necessary
user services.

Figure 3.1: An example for partially destroyed network
extension

IV.RESULTS

4.1 SOFTWARE-DEFINED RADIO-BASED PROTOTYPE
FOR A DISASTER RESPONSE CELLULAR NETWORK

As demonstrated in Figure 4.1, two BTSs may be linked through
WiFi backhaul to test the system. Each BTS has its own unique
USRP. Table 4.1 details the many configuration options. We
have no say over the external radio environment since we test
the technology in a public lab. The distance between the
antennae and the mobile phones is five to twenty-five metres.
By lowering the output of BTSs, we can limit the range of
transmission to about 50 metres and so minimise interference.
The Asterisk server for BTS-1 is set up on the same laptop as
BTS-2.

Figure 4.1 Prototype of a disaster response network

Table 4.1 System parameters of DRN prototype

System Parameters Description

PC Dell Latitude E6420 (i5, 4GB RAM)

Wireless cards Intel 1510

Wireless Standard IEEE 802.11g (54 Mbps)

Voice Codec GSM 6.10 (13.2 Kbps)

Type of traffic BTS: SIP, RTP, UDP

Frequency 1800 MHz (GSM) (Test license from
COMREG Ireland) 2412 MHz (WiFi
channel 1)

Phones Samsung S5360 (2), Nokia 101, E63

USRP N210

OpenBTS version 4.0

The SMQueue server and the SIP authentication server are both
set up on BTS-1. Below, we'll go over the experimental setups,
backhaul connection, ambient noise, and other prerequisites.
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4.1.1 Scenarios

Voice quality and backhaul connection capacity are put to the
test in two different situations. Figures 4.6 and 4.7 depict the
call paths and the places of measurement, respectively.

4.1.1.1 InterBTS Scenario

Both UEs (mobile phones) on a call are subscribed to separate
base transceiver stations (BTSs). PBX-1, located at BTS-1,
oversees both. In this setup, calls are sent as a single RTP
stream over the wireless connection.

Figure 4.2 Call flow and measurement points in InterBTS
Scenario

Figure 4.3 Call flow and measurement points in IntraBTS
Scenario

4.1.1.2 IntraBTS Scenario

Note that the Asterisk server for BTS-1 is also present on the

system, but both UEs have subscribed to BTS-2. Since BTS-1
hosts the Asterisk and OpenBTS databases and BTS-2 hosts the
other UEs, the calls in this setup are transmitted over the
wireless link twice. OpenBTS's implementation of multi-BTS
functionality meant that, initially and even after call setup, calls
were being routed via the primary BTS (at BTS-1). Therefore,
the RTP streams must use the same wireless connection twice.

4.1.2 Backhaul Link

Channel 1 of 802.11g is utilised for the tests since it is a non-
overlapped channel that is often used by routers. Since our goal
is to examine how well the backhaul can handle interference
from the outside world, we will be using channel 1.

4.1.3 Background Traffic and Environment

We want to assess the prototype's performance in various
environmental settings, including those where such traffic can
create interference on our backhaul connection. In order to see
how much traffic is happening in the background, a third laptop
is utilised and set up in monitor mode, then positioned in the
middle of the two BTSs. Both scenarios' quiet-environment
background traffic is depicted in Figures 4.10d and 4.11d,
respectively.

4.1.4 Measurement points

The traffic is being monitored at four places to figure out
whether and where the communication lines are failing. To
conduct an end-to-end study of the backhaul connection, these
readings were chosen. These reference sites were selected in
part because the mimicked calls originated inside the same
infrastructure as the BTS itself. Figures 4.6 and 4.7 depict and
explain the call flow between base transceiver stations (BTSs)
and inside BTSs, respectively.

4.1.5 Equivalent Calls

In the absence of enough user equipment (UE) and subscriber
identity modules (SIM), the system must resort to simulating
actual calls in order to meet demand. The data rate for a voice
call (using the GSM FR 6.10 codec) is 13.2 kbps. Real voice
calls are made using actual mobile phones. For emulated calls,
both BTS-1 and BTS-2 use iperf to generate and transfer UDP
flows at the same data rate. UDP flows are increased in number
for each new call. Figures 4.8 and 4.9 compare the jitter and
packet loss figures of one real and one equivalent call to those
of two actual calls to verify the emulation. The values are quite
close to one another, giving us confidence that the outcomes of
many mimicked calls will be very similar to those of many
genuine calls. The caller and the recipient are both using BTS-2,
therefore the number of flows in IntraBTS is double that of
InterBTS. The RTP/UDP/IP headers add up to 12/8/20 bytes,
making the total size of an RTP frame 87 bytes. Voice data is
sent in 20-millisecond bursts.

4.1.6 Performance Metrics

It is a UDP that RTP uses. We take into account the following
indicators:
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Figure 4.4: Equivalence of real and emulated calls for
InterBTS setup in quiet environment

Figure 4.5 Equivalence of real and emulated calls for
IntraBTS setup in a quiet environment

V.CONCLUSION

Though communication is crucial in disaster response, much of
the communications infrastructure may be destroyed in many
scenarios. It is crucial in these situations to rapidly build a
communications network that can support a variety of outdated
devices, integrate with the other pieces of the infrastructure, and
keep things running until more permanent solutions can be
implemented. For the speedy rollout of low-cost phone services,
we have developed, constructed, and assessed a hybrid
software-defined radio access and 802.11 backhaul prototype.
When tested in the wild, the prototype is found to be capable of
handling over 40 calls at once across its two base stations.
However, external transmitters can cause interference with the
wireless backhaul, leading to poor call quality and a limited
number of calls that the prototype can handle. It is reasonable to
assume that after a tragedy, large chunks of the licensed
spectrum will remain unoccupied. High utilisation of an
unlicensed channel has been determined to be the barrier to
enabling a greater number of calls across the network's backhaul
connection.
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