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ABSTRACT 

Cognitive radio and complex spectrum connectivity are two other phenomena that influence the world of wireless 
networking. We have developed an experimental cognitive radio simulation system to research the role of information 
representation and reasoning technologies. A traditional radio often follows the same protocol when working in a certain 
contact mode and is effective or failing at a specified task. GPS has become a popular vehicular technology with an 
adaptation of 4G and 5G infrastructure. The GPS includes details on the current location and positioning of every vehicle. 
Some plans require the use of local wireless networks close to computer networking. Other recommendations include 
taking advantage of existing wireless networks to exchange this info. The transmitted system relies on the frequency 
spectrum to be used. The paper aims to construct and first available allocation spectrum for transmission of emergency 
messages between vehicles and vehicles to infrastructure environments. 
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INTRODUCTION 

ognitive radio strategies that allow spectrum sharing 
in the non-time scenario are essential applications for 

intelligent, cooperative communication between Vehicle-to- 
vehicle communication.

[1,2]
 Several applications were seen as 

most promising: multimedia smartphone communication (for 
example, the download to portable players of music/video 

files),
[3]

 requiring modest data speeds, and almost universal 
coverage.

[4]
 Emergency response systems involve a modest 

data rate and localized reach (e.g., video transmission).
[5]

 
Wireless internet networking (for instance, through nomadic 
laptops) demands high data rates but can accommodate 
consumers with regional hot spot networks. Multimedia 
wireless networking systems require high data speeds (e.g., 

audio/video sharing inside and out of the homes).
[2]

 The critical 
advantage of full cognitive radio is that it allows applications 
to maximize access and use of spectrum by leveraging their 

spectrum sensing capability. From a regulator point of 
view, Cognitive Radio's complex spectrum access strategies 
could minimize the strain of spectrum management and 
optimize spectrum performance.

[6]
 Wireless connectivity 

in an automotive network is an IEEE effort to establish a 
wireless networking standard for vehicles. Just one tier of 
dedicated shorter-range networking protocols is WAVE 

or IEEE 802.11p.
[7]

 The contact with V2V must be almost 
instantaneous, and there is a need for fast transmission of 
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the message.
[8]

 The paper's objective is to experimentally 
develop a first allocation method for identifying the open 
spectrum white space for message allocation during the 
broadcast of the emergency message. 

BACKGROUND 

Vehicle to Vehicle communications can be categorized 
into three specific means; vehicle to vehicle connectivity, 
infrastructure to vehicles communication, and vehicle to 
infrastructure communication. The approaches considered 
in this paper are of the vehicle to vehicle and vehicle to 
the interface have been developed for spectral allocation. 
A literature survey is a way to obtain insight details 
on wireless networking for automotive networks and 
context information about what developments operate, 
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what approaches, and how the industry implements this 
developmental technology. Figure 1 (a &b) below illustrates 
these broadcasting methods in a pictorial illustration. 

Communications between vehicles, or V2V, allow the 
car to become autonomous. There is an inclusion of relay 
infrastructure. For a variety of factors, this is significant to 
have a mediatory vehicle to act like a rely upon between 
the source and destination. First of all, the high costs of 
constructing an infrastructure that will help the vehicles 
exchange information are tough to achieve shortly. Strict 
V2V connectivity depends heavily on ad hoc multi-hop 
routing.

[9]
 The vehicles need to build their questions and 

strive to acquire or pass on information to other vehicles. 
This information is then transmitted to hope that all drivers 
in the area can be aware of the data provided by the driver 
to the vehicle. Message transmission rates, broadcast-quality, 
and stability are important items to remember in such a 
network.

[10]
 

The transmission of messages refers to how rapidly 
communication is exchanged between network nodes. This 
is necessary since a protocol for broadcasting information 
would have to be developed if the protocol does not allow 
for correspondence at a pace sufficiently quickly to hold 
the information up to fast-moving traffic. The quality of 
broadcasting relates to the success of broadcasts. This is a 
calculation of the frequency at which the broadcasts are 
received or a vehicle no longer within reach of the call. 
Finally, since the system is not managed and supported 
by the external network, this network must be secure.

[11]
 If 

external sources can easily abuse it. It is unreliable and can 
create even more difficulties in delivering safety information. 
The two other solutions are vehicle-to-infrastructure and 
infrastructure-to-vehicle networks. In most cases, these two 
networks will operate together. It will be impossible to make 
a good network without including interface infrastructure. 

These networks potentially do include some V2V 
communications, as seen in Figure 1, but most of the 
technological capabilities are carried out by infrastructure. A 
few technologies that utilize cellular networks include mobile 
phones, car radios, and machine wireless access points. The 
purpose of V2V communication is to create an alert system 
of accidents, traffic congestions, ambulance arrival, and fire 
brigade, among others, which occur outside of a driver's 
sightline almost definitely preclude a frequency requiring 
direct sight communication equipment.

[12]
 This approach is 

helpful when applying short-range technologies, including 
 

Figure 1 a and b: Cognitive Radio V2V and V2I architecture 

lane-keeping and crash avoidance when the driver cannot 
respond as quickly as possible. However, if an incident 

occurs at the corner, a good warning contact is expected.
[13]

 
A broadcast method is required to transfer the information 

from a vehicle to a vehicle. Whatever the system is, it should 
be connected to the car system. This ensures that the radio 

that transmits the message must calculate the spectrum.
[14,15]

 
Inter-vehicle communication performance lags. The 

goal rates and power allocation variables influence these 
measures for assessing SN performance, especially when 

CSI imperfection and PN interference are present. Also, an 
ideal power allocation factor for vehicle outage performance 
may be shown. Monte Carlo simulations were used to verify 

the performance above assessments.
[16]

 A system using 
DF forwarding, RSU selection, and energy harvesting. This 

article developed closed-form formulations of outage 
probability, allowing for comparisons of two vehicles’ outage 

probabilities. 
Moreover, we discovered that more RSUs and more 

collected power led to higher performance in many system 
metrics.

[17]
 The coexistence of VUs and CUs in 5G wireless 

networks. The power and subchannel distribution of the 
VUs depend on their channel gain and interference with the 
CUs. There are several constraints on the goal function. We 
present an MBINP optimum power allocation approach. The 
suggested resource allocation technique may better protect 
CU channel capacity while sustaining VU QoS than PM and 
RM algorithms.

[18]
 

V2I allows information to be sent from a vehicle to 
infrastructure through a roadside device (RSU). The RSU is 
a fixed transceiver. When the RSU receives the broadcast, it 
forwards it to one or more V2V supporting units or vehicles. 
Deploying RSU takes time and money. V2P allows pedestrians 
to communicate with cars. Drivers and pedestrians can 
transmit and receive notifications even when not in the line 
of sight. Due to antenna and battery differences, pedestrians 
may be less sensitive than automobiles.

[19]
 V2N helps mobile 

carriers communicate with RSU, reducing time, costs, and 
complexity. V2N might use cellular networks like 4G or 5G 
to connect vehicles and servers. The future connected car 
network will need to provide connectivity between devices 
with varied modes of operation using two communication 
technologies: DSRC and cellular networks.

[20]
 

Vehicles connecting with other entities brought up new 
mobility possibilities. This type of wireless communication 
involves vehicles, infrastructure, pedestrians, and networks 
called V2X. According to a study, cellular networks may 
eventually serve the same role as a communication link. 
The hybrid technique has also improved vehicle safety for 
extended range and more reliable usage scenarios [16]. 
Globally, automotive and telecoms industry participants have 
recognized V2X's influence on ITS. Given its considerable 
concentration, it is unlikely to become universal within 
the next decade. To identify communication technologies, 
platforms, deployed goods, and deployment issues, this 
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study uses V2X technology.
[17]

 The paper further discusses 
the 5G architecture and the spectrum allocation. 

5G ARCHITECTURE 

Wireless technology 5G (fifth generation) is still being 
studied and needs further studies. The analysis explores 
numerous architectures to suggest core principles of this new 
technology. Software-Defined Networks has been suggested 
as a promising strategy for these networks, a key factor in 
developing 5G wireless networks. The 5G would be built on 
a user-centered concept like 3G or operation center as seen 
with 4G instead of being operator-centric. There is also a 
mixture of several incomings from various technologies at 
mobile stages.

[21-23]
 

This latest generation 5G cellular broadband network 
would provide trillions of new users with less predictable 
fundamental infrastructure traffic patterns to the 
network.

[24,25]
 To be competitive with this new technology, 

message transmission is critical to a successful rollout and a 
powerful future of wireless technologies.

[26-33]
 

COGNITIVE RADIO 

Cognitive radios are the result of a multidisciplinary 
collaboration including specialists in cellular networks, 
digital networking, device architecture, artificial intelligence, 
and other areas, using Software Driven Radio (SDR) 
technology.

[2,34]
 As a result of these practices, it is hoped 

that these programs simultaneously respect the interests 
of the license holder while offering greater stability and 
spectrum access. Given the need for increased bandwidth 
and under-utilized spectrum, DSA networks with intelligent 
radios will revolutionize the telecommunication market, 
radically improve the way we use spectrum tools, and design 

wireless systems and services.
[6,10,35]

 For this purpose, we have 
attempted to mimic the fundamental elements of cognitive 
radio technology to sensitize electrical and electronic 
engineers to the complexity and implementations of this 
enormous new technology. There are very few experimental 
simulation techniques in cognitive radios, so we plan to create 
a simplified and more successful MATLAB simulation process 
using ten users and allocating two new users with the noise 
of 3dB at 30% attenuation. 

SPECTRUM SYSTEM MODEL 

When an emergency vehicle has to send a request over 
the chain of vehicles to communicate a traffic signal to be 
reset, a procedure must be followed to choose a broadcast 
frequency. As the frequency range used is the digital 
spectrum, each radio must know which frequencies a 
licensed frequency holder uses. The radio must detect when 
an event is transmitted and the frequency of the transmission. 
Moreover, this device must not interfere with pre-occupied 
vehicles' transmission in the field. Figure 3 indicates where 
broadcasting is appropriate. 

A signal composed of several identical sub-carriers would 
have a constant Power Spectrum Density (PSD) over their 
spectrum, and the overall signal power will then be found as 
P=PSD. Consider an X(t)X(t) random Spectrum White Space 
process with the RX(d)RX(µ) autocorrelation feature. We 
defined X(t)X(t) Power Spectral Density (PSD) as the Fourier 
RX(µ)RX(µ). The X(t)X(t) PSD is seen by SX(f)SX (f). Which is 
written as.

[37,38]
 

 
Where 

Eq. 1: Power Spectral Density Estimation 

PROPOSED METHOD 

There has been extensive and long research in message 
broadcasting in the 5G network using Cognitive Radio. So, 

 

 

Figure 2: 5G Architecture with Software Defined Network
[2]

 Figure 3: Broadcast Frequencies those acceptable
[36]
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what exactly is this information being transmitted? There 
are infinite options. However, before the niceties are applied 
to a framework, some necessities must be discussed. Three 
fields of broadcast knowledge are effectively present: traffic 
patterns and warnings, positioning networks, and station 
directories.

[1]
 Traffic conditions and warnings are the most 

critical of the three. There may be several warning notices or 
messages. An alert may be that multiple vehicles are blocking 
the road. An emergency warning may be a traffic congestion 
notification or emergency message from the Ambulance, 
police vehicle, and fire brigade. Location-aware facilities 
consist of road conditions; if a transmitting infrastructure 
transmits the information to vehicles approaching a zone, 
roadworks could be ahead, among other alerts. 

The paper discusses the cognitive radio system and 
cooperative communication system simulation to reuse 
unused vehicle bandwidth to boost the overall system 
capability. We attempted to construct a cognitive distribution 
of radio spectrum for the first free spectrum available. 
The previously available stimulatory methods have only 
simulated such aspects of cognitive radio technology, such 
as inter-system handover testbeds, spectral performance, 
scanning by wavelength, SDN, MIMO, interference with 
cognitive radio systems, etc. Using MATLAB, we simulated the 
fundamentals of a simple cognitive radio device to allocate 
unused spectral space between vehicles. The experimental 
analysis is achieved by a simulation of ten vehicles where two 
emergency vehicles broadcast the emergency message over 
a set of vehicles moving along the source vehicles. 

Figure 4 illustrates the scenario where an ambulance (A1) 
and police vehicle (P1) is the source who is trying to broadcast 
an emergency message to control the signal system. The 
scenario exhibits vehicle-to-interface communication over 
a set of vehicles where the forward going vehicles termed 
as protentional carrier vehicles (FCn) are also called relays. 
All the vehicles are given a range of frequencies to simulate 
a spectral power density plot. Vehicles 1 and 4 and 5 are the 
empty spectra, and vehicles 2 and 9 are the sources while 
all other's spectrums are allocated or engaged for new 
communications. 

Our system experimented with ten separate frequency 
channels, and a specific frequency band is allocated to each 

 

 

Figure 5: Spectral density with empty slots 

user. When there is a need for any vehicle to disseminate an 
emergency message, the user is added newly, and the user 

is given a special band in ascending order. Figure 5 shows 
the empty spectrum among the other allocated spectrums. 

Figures 6 and 7 above illustrate the possibility of an open 
spectrum for vehicles with spectrum white space that allows 

 

Figure 4: Emergency vehicles on road to message 
dissemination 

 

Figure 6: Possibilities of free spectrum white space 
 
 

 
Figure 7: Flow chart of the message dissemination 
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message transmission. A possible communication channel 
can be established in the scenario where we discuss empty 
vehicles. 

Figures 8-11 show the allocation of the first space 
availability to reduce the time for randomly broadcasting 
the message and waiting for an acknowledgment. The 
Spectral empty spaces are allocated in an idle case scenario, 
but to keep it more real close to the practical approach, we 
include in Figure 12 a noise of 3dB and Attenuation of 30%. 
The comparisons are illustrated below, showing frequency 
changes. 

Allocation of unused spectrum indirect vehicle to vehicle 
communication was executed, but when there is a need for 
the vehicle to interface, communication is to be established. 
The Source vehicle, in this case, the Ambulance (A1) and 
Police Van (P1), act as the source (S), and the traffic signal 
here is the interface (I). The vehicles passing by the adjacent 
act a relay. In the case of Ambulance, the forward car (FC4) 
acts as a relay (R1) for the source vehicle (A1). Then, with 

 
 
 

 
 

Figure 8: One new user added and one empty space 
 
 
 

 
Figure 9: Frequency comparison when and not allocated 

forward messaging, the routing of the first available vehicle 
spectrum allocation, the vehicle (FC2) receives the message 
that forward allocates to the first available vehicle (FC1). 
Then, the FC1 relay transmits to Traffic Signal, which is the 
destination (Figure 13). 

We simulated the fundamentals of a cognitive radio 
device that enables complex access to the spectrum in time. 

 
 

 
Figure 10: Newly added empty spectrums 

 
 

 
Figure 11: Comparison of empty vs. Filled spectral white 

spaces 
 
 
 

 
Figure 12: Frequency noise and attenuation 
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Figure 13: Relay message transmission system 
 
 

 

Figure 14: Flow chart of multi-hop message transmission 

Mobile multimedia or text emergency communications 
systems, cellular internet networking, hot spot services, 
and others can be used with the current 5G network; 
Cognitive radio system implementations are the strongest. 
Cognitive radios are also in research pipelines at an early 
age as cognitive science. We created a simplified and more 
effective simulation methodology using MATLAB to allocate 
the first available free spectrum rather than pooling around 
for a strong, trusted, or efficient node. The results depend 
on the spectral power density of the channel that can be 
used cognitively to define the white space that is open to 
new incoming users, thereby increasing the overall canal 
performance. Finally, the implementation using MATLAB for 
ten user scenarios in both idle case and noise insertion was 

achieved as expected and still work to develop the code for 
better and more intelligent presentable results (Figure 14). 

CONCLUSION 

Cognitive radios can hop in and out of unused spectrum 
gaps to improve spectrum efficiency and deliver broadcast 
messaging services. The simulation of a cognitive radio 
device was demonstrated using MATLAB, where optimum 
frequency consumption and reliability were ensured, and 
the noisy signal was also attenuated. The future scope of the 
paper is to achieve the present first allocation method with 
an approach of Artificial Intelligence and Machine Learning, 
enabling data-driven networks using cognitive radio for 
cooperative communication. 
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