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The spectrum scarcity problem of wireless sensor networks (WSNS) is
improved through amalgamation of cognitive radio networks (CRNSs) into
WSNs. However, spectrum allocation to secondary users (SUs) is challenging
in cognitive radio wireless sensor networks (CR-WSNs) as channel is already
crowded and at same time should not induce interference to primary users
(PUs). In designing efficient spectrum access model for CR-WSNs recent
work have adopted machine-learning game theory (GT) and statistical model.
However, the major limitation of existing spectrum access model they fail to
assure access fairness with maximal throughput with minimal collision. This
work presents a maximizing channel access fairness model to handle the
research challenges. To boost CR-WSN performance, the throughput
maximization using channel access fairness (TMCAF) employs shared and
non-shared channel access designs. Experiment outcome shows throughput is
improved and collision in network is reduced in comparison with state-of-art

channel access models.
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1. INTRODUCTION

Wireless sensor network (WSN) is composed of large number of cheap-tiny sensor nodes connected
wirelessly together for provisioning different application [1] such as target tracking of malicious object such as
drones and disaster management. The wide adoption of WSNs has to growth of internet of things (lIoT)
environment [2]. The model application requires higher spectrum resource; however, the 2.4 GHz network
already very congested [3]; thus, requires effective spectrum access design. In addressing spectrum scarcity
issues, the cognitive radio networks (CRNs) have been incorporated into WSNs [4]. The architecture of
cognitive radio wireless sensor networks (CR-WSNSs) is shown in Figure 1. In CR-WSNs network; it is important
to address energy constraint issues into spectrum access design [5].

Spectrum sharing [6], [7], opportunistic spectrum access [8], and sensing-based spectrum sharing [9]
are the four broad categories under which the spectrum access mechanism in CR-WSNs is categorized. A very
good performance is offered by sensing-based spectrum sharing. Even more so in a multi-user, multi-channel
system, interference issues must be taken into consideration due to inadequate channel sensing measurement.
When creating a new efficient channel access design, it is also necessary to take the energy constraint and access
equity among secondary users (SUs) into consideration. In next section extensive survey of various spectrum
access methodologies have been studied. Majority of work focused in maximizing throughput with quality of
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service (QOS) constraint [10]. Further, the channel availability information is used for maximizing performance
objective function [11], [12]. Shi et al. [13] employed reinforcement learning for addressing the mobility pattern
[14] prediction of SUs and primary users (PUs) to take decision of spectrum access of large-density cognitive
radio (CR) enabled WSNs [15].
ML-based [13], [14] and game theory (GT) approaches [16]-[18] are used to address the limitations of
optimal channel access methods with access fairness [19], [20]. However, employing current GT-methods [17],
[18] does not guarantee access fairness with regard to the performance and energy requirements of CR-enabled
large-scale WSNs (LS-WSNs). The throughput maximization using channel access fairness (TMCAF) model is
presented in this work to meet the research challenges. The TMCAF uses shared as well as non-shared channel
access mechanisms to ensure energy efficiency while maximizing throughput with a minimum amount of
collision and access fairness.
— The TMCAF uses channel access pattern information for reducing interference during allocation of channel
to SUs.
— The TMCAF employing shared and non-shared channel access mechanism improves overall resource
utilization with minimal interference.
— Throughput is maximized and collision in network is reduced by assuring access fairness; thus, energy
efficiency is improved through reducing number of retransmission requirement.
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Figure 1. Architecture of CR-WSN [21]

Paper organization: in section 2 study different existing spectrum access design for CR-WSN. The
suggested spectrum access paradigm is presented in section 3. Section 4 provides results obtained utilizing
proposed and current spectrum access mechanisms. The research is concluded and the work scope is provided
in the final part (section 5).

2. LITERATURE SURVEY

This section conducts survey of recent spectrum access mechanism for CR enabled WSNs. The detailed
analysis of survey is described in Table 1. This table comprises of all the related survey done regarding this
research.
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Table 1. Survey table

Model name

Methodology

Advantages and its limitation

Sun et al. [22], 2022

Abbas et al. [23], 2021

Ostovar et al. [24], 2020

Xu et al. [25], 2020

Moayedian et al. [26], 2020

Xuetal. [27], 2021

He et al. [28], 2021

Deng et al. [21], 2021

Ning et al. [29], 2020

Latif et al. [30], 2022

Designed a spectrum access model by
combining CR and SWIPT; alongside
focused to address energy efficiency issues
during  spectrum  access in  loTs
environment.

In this showed how frequent access of entire
channel by SUs significantly affects the
energy efficiency and induces delay in CR
enabled 10T network. The problem s
addressed by considering multi-objective
probability parameter in designing of
channel access model.

Designed channel access mechanism for
CR-WSNs. Here both interference
management of PUs and energy is taken into
considerations. The sensing performance is
improved by minimizing bandwidth
wastage through minimization of power as a
constraint.

The work addresses the resource and power
allocation to SU in large-scale heterogenous
network. Considered assumption of poor
spectrum access with improper channel
state information (CSI) information.

Employed channel access mechanism
through amalgamation of both underly and
overlay network. The model assures
reliability to SU with presence of PUs in the
network

Addressed energy constraint of multiuser
heterogenous network through adoption of
distributed spectrum access mechanism
using CSI and QoS constraint.

The model focused in maximizing the rate
i.e., minimize number of sources required
for packet transmission. Employed GT for
optimizing the transmit power through
iterative mechanism.

Employed Q-learning for designing channel
access mechanism for WSNSs.

They addressed interference issues through
effective channel access mechanism. The
PUs optimize the US’s spectrum usage
using GT.

The model addressed both spectrum and
energy efficiency together through adoption
of hybrid tabu search optimization
mechanisms. Further, fuzzy rules are used
for providing optimal performance.

The model allows adaptive spectrum
switching mechanism to improve throughput
of network; however, it induces higher
interference to primary network.

The model reduces collision by optimizing the
channel order according to channel prediction
status. However, the model does not utilize the
resource more efficiently.

The model significantly improved the
throughput by considering energy constraint
of CR-WSNs. However, access fairness issues
is not addressed.

The model improved throughput of network
and addresses access fairness through
minimization of interference to PUs.
However, energy efficiency nature of WSNs is
not considered in designing spectrum access
model.

Provides fair channel access mechanism with
energy efficiency; however, indues higher
collision in network as CSl is not accurate.

The model provides robustness consider in
accurate CSI; however, higher collision in
network is not tolerable for WSNs.

The model improved energy efficiency of CR-
WSNSs; however, access fairness issues is not
addressed.

The model improved spectrum access QoS of
SUs. The model also reduces packet failure;
however, resource efficiency can be further
improved by handling interference more
efficiently.

The provides good spectrum efficiency with
good interference management; however,
energy efficiency issues of WSNs are not
considered into designs of spectrum allocation
mechanism.

Improves resource and energy efficiency of
CR-1oT. However, the model failed to address
the access fairness issues of spectrum
allocation design.

3. THROUGHPUT MAXIMIZATION WITH CHANNEL ACCESS FAIRNESS MODEL

In CR-WSNSs, a sensor node performs sensing to determine channel availability whenever it searches
for a channel to carry out a specific communication. Poor channel allocation strategies may cause interference
for the PUs. Therefore, effective CSI measurement is crucial for creating a channel allocation strategy that
minimizes interference.

3.1. Channel availability estimation

The following is an estimation of the model used to get the average channel accessible w; of channel j
at any given time.

wj=(1-9;))+eja;=1-9a; 1)

Int J Reconfigurable & Embedded Syst, Vol. 13, No. 2, July 2024: 352-359



Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 355

And, as detailed (2), ¢; defines the average space filled with current sensor nodes for corresponding
channel j.

452
0=""/ @
! Mg

a; j represent the probability that PUs will be active in channel j under steady-state and «,, ; represent
probability that PUs will not be using channel j under steady-state. The parameter Ty ; defines the state when
sensor node goes out of range of PUs coverage area and therefore, Uy ; follows an exponential distribution with
transition states S ;.

Operative channel accessibility (OCA) § of channel j as the mean session period in which channel j is
accessible for a sensor node to communicate can be expressed as (3):

17 Yj
8 =v;.Ugj == 3)

BB,j

where y; € (0,1) is the interference factor that establishes the ideal amount of disturbance for the primary
consumers. It must be remembered that a larger value of y will both results in increased spectrum opportunity
and increase interference to PUs. Every SU in this situation is familiar with the spatial distribution for PUs in
CR-WSNs as well as temporal channel usage pattern. In this way the ideal channel accessibility i.e., §;,j € M,
evaluating the pattern of dynamic mobility. The throughput maximization channel access fairness using game
theory (TMCAF-GT) uses both shared as well as non-shared channel access mechanisms to provide access
fairness with regard to performance goals in this work.

3.2. Shared channel access mechanism

The available channels have been allocated to sensor nodes in the shared channel access technique
while taking the random backoff time wu; into consideration. Here, a channel is only assigned to the sensor nodes
if it is free and usable for the duration of the time slots while the other SUs is in idle mode. In contrast, a random
backoff window called w; is initialized if the channel is not available. The channel is allocated to SUs as follows
under the shared channel access method.

s(0) =1/, )

3.3. Non-shared channel access mechanism
Each SU senses the channel in a non-shared channel access technique with probability 2, and the total
amount of throughput experienced by various SUs is calculated as (5):

pl(P) =P(1-P)~* (®)

by taking into account, the throughput could be maximized pl’'(P) = 0; then, P = %the results are as follows
when employing a non-shared channel access technique.

1 1 o—-1

g.(0) =~ (1 - ;) (6)
However, a new channel access technique is provided in the next section to guarantee access fairness

while maximizing throughput by utilizing the advantages of both shared as well as non-shared channel access.

3.4. Throughput maximization with channel access fairness design

Figure 2 depicts the block diagram of the fair channel access throughput maximization architecture.
Each sensor node chooses a random backoff period, as shown in Figure 2, and waits for it to finish before
starting the communication that will maximize it 0. Once they have the channel, sensor nodes O transmit it to
other nodes. In this work, a random backoff is taken into consideration to ensure a fair channel access
mechanism, and at the same time, TMCAF can ensure good performance, which is demonstrated by a
simulation analysis in the next section.
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Step 1. Perform sensing for acquiring Step 6. Check channel
accessible channel 7 access type
Step 2. Inform and sort in decreasing Step 7. if shared chamnel access Step 9. if non-shared channel access
order the accessible channel mechanism. then mechanism. then
[141, i1, -, i1p] using Equation (3)
with u;.
Step 8. Choose the O with a Step 10. Choose the channel with
unrestricted channel higher 0.

Step 3. Each sensor nodes initialize a random
backoff time u;from (0, u )

Step 10. Broadcast the chosen
channel identifier

Step 4. While current time <

(ut + uﬂ) do Step 11. Each sensor node tires to select
a channel access mechanism that benefits
their objective function O.

Step 5. if the backoff time of sensor

nodes j is completed then Step 12. Return to step 1

Figure 2. Block diagram of proposed TMCAF design for CR-WSN

4. RESULT AND DISCUSSION

This section outlines the results obtained by combining the proposed TMCAF model with the current
channel access mechanism [28], [30]. When evaluating channel access frameworks for CR-WSNs, performance
measures like throughput as well as collision are taken into account. Table 2 gives a description of the simulation
parameter utilized to explore the model.

Table 2. Simulation parameter

Network parameter Value
Network size 100mx 100m
Number of sensor nodes 50,100,200
Initial energy of sensor node 1.0 joules
Modulation scheme 16 —QAM
Mobility of sensor nodes 3,6,9 cycle per frame
Coding rate 3/4
Bandwidth 18 Mbps
Number of frequency channels 5
Time slots 12 us
Message information size 27 bytes
MAC used TMCAF

4.1. Throughput

This section examines how TMCAF and ECA perform in terms of throughput while taking into account
various sensor speeds and devices. The size of the gadget can range from 50 to 200, and the frame rates can be
anywhere from 3 and 9. Graphically depicted in Figure 3 is the throughput achieved with various device sizes.
In a similar manner, Figure 4 visually displays the throughput attained under varying speed. In every instance,
the TMCAF vyields superior results; under various sensor device along with speed conditions, TMCAF
outperforms ECA on average in terms of throughput by 19.52% and 13.12%, respectively.

4.2. Collision

This section examines how TMCAF and ECA function when colliding with varying sensor devices and
speeds. Device sizes range from 50 to 200, and frame rates range from 3 to 9 cycles per second. The collision
achieved with different device sizes is depicted visually in Figure 5. Similar to this, Figure 6 illustrates the
collision achieved at various speeds. An average collision reduction of 24.5% and 128.27% are achieved with
TMCAF in comparison to ECA under varying sensor device and speed, respectively. The TMCAF yields better
results in all circumstances.
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CONCLUSION

The TMCAF, a new channel access mechanism that was designed in this work, was created using a

channel access pattern and both shared as well as non-shared channel access mechanisms. The results of the
experiment reveal that TMCAF produces extremely strong throughput performance with little collision. Less
interference is guaranteed thanks to the network's reduced collision rate, and energy efficiency is increased.
However, the TMCAF performance can be further improved through incorporation of game-theory model into
channel access mechanism; further optimizing the backoff time will further provide in reduction of interference
and thereby reducing collision.

REFERENCES

[1] J. Tan et al., “A low redundancy data collection scheme to maximize lifetime using matrix completion technique,” EURASIP
Journal on Wireless Communications and Networking, vol. 2019, no. 1, pp. 1-29, Dec. 2019, doi: 10.1186/s13638-018-1313-0.

[2] Y. Liu, A. Liu, N. N. Xiong, T. Wang, and W. Gui, “Content propagation for content-centric networking systems from location-
based social networks,” IEEE Transactions on Systems, Man, and Cybernetics: Systems, vol. 49, no. 10, pp. 1946-1960, Oct. 2019,
doi: 10.1109/TSMC.2019.2898982.

[3] L. Liu, C. Chen, Q. Pei, S. Maharjan, and Y. Zhang, “Vehicular edge computing and networking: a survey,” Mobile Networks and
Applications, vol. 26, no. 3, pp. 1145-1168, Jun. 2021, doi: 10.1007/s11036-020-01624-1.

[4] X.Hao, T. Yang, Y. Hu, H. Feng, and B. Hu, “An adaptive matching bridged resource allocation over correlated energy efficiency
and aoi in CR-IoT system,” IEEE Transactions on Green Communications and Networking, vol. 6, no. 1, pp. 583-599, Mar. 2022,
doi: 10.1109/TGCN.2021.3109128.

[5] Z. Chu, Z. Zhu, X. Li, F. Zhou, L. Zhen, and N. Al-Dhahir, “Resource allocation for IRS-assisted wireless-powered FDMA loT
networks,” IEEE Internet of Things Journal, vol. 9, no. 11, pp. 8774-8785, Jun. 2022, doi: 10.1109/J10T.2021.3117791.

[6] Z. Yan, X. Zhang, H.-L. Liu, and Y.-C. Liang, “An efficient transmit power control strategy for underlay spectrum sharing
networks with spatially random primary users,” IEEE Transactions on Wireless Communications, vol. 17, no. 7, pp. 4341-4351,
Jul. 2018, doi: 10.1109/TWC.2018.2822817.

[7 J. Zhang, S. Chen, X. Guo, J. Shi, and L. Hanzo, “Boosting fronthaul capacity: global optimization of power sharing for centralized
radio access network,” IEEE Transactions on Vehicular Technology, vol. 68, no. 2, pp. 1916-1929, Feb. 2019, doi:
10.1109/TVT.2018.2890640.

[8] X. Song and M. Yuan, “Contention-based opportunistic spectrum access in one-way highway vehicular networks,” IEEE Access,

vol. 7, pp. 149245-149254, 2019, doi: 10.1109/ACCESS.2019.2944591.

Channel access mechanism _for maximizing throughput with fairness in ... (Shaik Humera Tauseef)



358

a ISSN: 2089-4864

[°]

[10]
[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

[28]

[29]

[30]

X. Gao, S. Feng, D. Niyato, P. Wang, K. Yang, and Y.-C. Liang, “Dynamic access point and service selection in backscatter-
assisted RF-powered cognitive networks,” IEEE Internet of Things Journal, vol. 6, no. 5, pp. 8270-8283, Oct. 2019, doi:
10.1109/J10T.2019.2923566.

G. Im and J. H. Lee, “Outage probability for cooperative NOMA systems with imperfect SIC in cognitive radio networks,” IEEE
Communications Letters, vol. 23, no. 4, pp. 692-695, Apr. 2019, doi: 10.1109/LCOMM.2019.2903040.

L. Zhang, Y. Yang, X. Li, J. Chen, and Y. Chi, “Effective capacity in cognitive radio networks with relay and primary user
emulator,” China Communications, vol. 16, no. 11, pp. 130-145, Nov. 2019, doi: 10.23919/JCC.2019.11.011.

W. Khalid and H. Yu, “Sensing and utilization of spectrum with cooperation interference for full-duplex cognitive radio networks,”
in 2019 Eleventh International Conference on Ubiquitous and Future Networks (ICUFN), Zagreb, Croatia: IEEE, Jul. 2019, pp.
598-600, doi: 10.1109/ICUFN.2019.8806103.

Z. Shi, X. Xie, H. Lu, H. Yang, J. Cai, and Z. Ding, “Deep reinforcement learning-based multidimensional resource management
for energy harvesting cognitive NOMA communications,” IEEE Transactions on Communications, vol. 70, no. 5, pp. 3110-3125,
May 2022, doi: 10.1109/TCOMM.2021.3126626.

B. Keshavamurthy and N. Michelusi, “Learning-based spectrum sensing and access in cognitive radios via approximate POMDPs,”
IEEE Transactions on Cognitive Communications and Networking, vol. 8, no. 2, pp. 514-528, Jun. 2022, doi:
10.1109/TCCN.2021.3129802.

S. Sheikhzadeh, M. Pourghasemian, M. R. Javan, N. Mokari, and E. A. Jorswieck, “Al-based secure NOMA and cognitive radio-
enabled green communications: channel state information and battery value uncertainties,” |IEEE Transactions on Green
Communications and Networking, vol. 6, no. 2, pp. 1037-1054, Jun. 2022, doi: 10.1109/TGCN.2021.3135479.

J. Chen et al., “Joint task assignment and spectrum allocation in heterogeneous UAV communication networks: a coalition
formation game-theoretic approach,” IEEE Transactions on Wireless Communications, vol. 20, no. 1, pp. 440-452, Jan. 2021, doi:
10.1109/TWC.2020.3025316.

Y. Liu, Y. Wang, R. Sun, and Z. Miao, “Distributed resource allocation for D2D-assisted small cell networks with heterogeneous
spectrum,” IEEE Access, vol. 7, pp. 83900-83914, 2019, doi: 10.1109/ACCESS.2019.2924245.

A. Khodmi, S. B. Rejeb, N. Agoulmine, and Z. Choukair, “Joint user-channel assignment and power allocation for non-orthogonal
multiple access in a 5G heterogeneous ultra-dense networks,” in 2020 International Wireless Communications and Mobile
Computing (IWCMC), Limassol, Cyprus: IEEE, Jun. 2020, pp. 1879-1884, doi: 10.1109/IWCMC48107.2020.9148116.

X. Huang, D. Zhang, S. Tang, Q. Chen, and J. Zhang, “Fairness-based distributed resource allocation in two-tier heterogeneous
networks,” IEEE Access, vol. 7, pp. 4000040012, 2019, doi: 10.1109/ACCESS.2019.2905038.

R. Fatima, S. H. Tauseef, and R. Khanam, “Energy efficient spectrum access design for cognitive radio wireless sensor network,”
in 2019 International Conference on Communication and Electronics Systems (ICCES), Coimbatore, India: IEEE, Jul. 2019, pp.
6-11, doi: 10.1109/ICCES45898.2019.9002519.

X. Deng, P. Guan, C. Hei, F. Li, J. Liu, and N. Xiong, “An intelligent resource allocation scheme in energy harvesting cognitive
wireless sensor networks,” IEEE Transactions on Network Science and Engineering, vol. 8, no. 2, pp. 1900-1912, Apr. 2021, doi:
10.1109/TNSE.2021.3076485.

W. Sun, Q. Song, J. Zhao, L. Guo, and A. Jamalipour, “Adaptive resource allocation in SWIPT-enabled cognitive IoT networks,”
IEEE Internet of Things Journal, vol. 9, no. 1, pp. 535-545, Jan. 2022, doi: 10.1109/J10T.2021.3084472.

G. Abbas, A. U. Khan, Z. H. Abbas, M. Bilal, K. S. Kwak, and H. Song, “FMCPR: flexible multiparameter-based channel
prediction and ranking for CR-enabled massive IoT,” IEEE Internet of Things Journal, vol. 9, no. 10, pp. 7151-7165, May 2022,
doi: 10.1109/J10T.2021.3084677.

A. Ostovar, Y. B. Zikria, H. S. Kim, and R. Ali, “Optimization of resource allocation model with energy-efficient cooperative
sensing in green cognitive radio networks,” IEEE Access, vol. 8, pp. 141594-141610, 2020, doi: 10.1109/ACCESS.2020.3013034.
L. Xu, W. Yin, X. Zhang, and Y. Yang, “Fairness-aware throughput maximization over cognitive heterogeneous NOMA networks
for industrial cognitive IoT,” IEEE Transactions on Communications, vol. 68, no. 8, pp. 4723-4733, Aug. 2020, doi:
10.1109/TCOMM.2020.2992720.

N. S. Moayedian, S. Salehi, and M. Khabbazian, “Fair resource allocation in cooperative cognitive radio IoT networks,” IEEE
Access, vol. 8, pp. 191067-191079, 2020, doi: 10.1109/ACCESS.2020.3032204.

Y. Xu, H. Sun, and Y. Ye, “Distributed resource allocation for SWIPT-based cognitive AD-HOC networks,” IEEE Transactions
on Cognitive Communications and Networking, vol. 7, no. 4, pp. 1320-1332, Dec. 2021, doi: 10.1109/TCCN.2021.3068396.

T. He, K.-W. Chin, S. Soh, and Z. Zhang, “A novel distributed resource allocation scheme for wireless-powered cognitive radio
internet of things networks,” IEEE Internet of Things Journal, vol. 8, no. 20, pp. 15486-15499, Oct. 2021, doi:
10.1109/J10T.2021.3071396.

B. Ning, G. Sun, J. Li, A. Zhang, W. Hao, and S. Yang, “Resource allocation in multi-user cognitive radio network with stackelberg
game,” |IEEE Access, vol. 8, pp. 58260-58270, 2020, doi: 10.1109/ACCESS.2020.2981556.

S. Latif et al., “An efficient pareto optimal resource allocation scheme in cognitive radio-based internet of things networks,”
Sensors, vol. 22, no. 2, pp. 1-14, Jan. 2022, doi: 10.3390/522020451.

BIOGRAPHIES OF AUTHORS

Shaik Humera Tauseef @ B4 B3 © full time Ph.D. scholar. Her area of interest is networking,
image processing, and artificial intelligence. She can be contacted at email:
humera.tauseef@gmail.com.

Int J Reconfigurable & Embedded Syst, Vol. 13, No. 2, July 2024: 352-359


https://orcid.org/0009-0000-6409-5385
https://scholar.google.com/citations?user=waseDnQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57211928313

Int J Reconfigurable & Embedded Syst ISSN: 2089-4864 a 359

Dr. Ruksar Fatima & EIE8 € s a professor and head of the Department of Computer Science
and Engineering, Vice Principal and Examination Incharge at Khaja Bandanawaz College of
Engineering (KBNCE), Kalaburagi, Karnataka. She is the advisory board member for
International Journal of Engineering and Research Technology (IJESRT). She is member of the
International Association of Engineers (IAENG), Hong Kong. She can be contacted at email:
ruksarf@gmail.com.

Rohina Khanam {2 E:J B8 € full time Ph.D. scholar. Her area of interests are networking, image
processing, and artificial intelligence. She can be contacted at email:
rohinakhanam2005@gmail.com.

Channel access mechanism _for maximizing throughput with fairness in ... (Shaik Humera Tauseef)


mailto:ruksarf@gmail.com
mailto:rohinakhanam2005@gmail.com
https://orcid.org/0000-0003-0830-5127
https://scholar.google.co.in/citations?user=Qm8nxdQAAAAJ&hl=en
https://www.scopus.com/authid/detail.uri?authorId=57204023216
https://orcid.org/0000-0002-2299-6334
https://scholar.google.com/citations?view_op=list_works&hl=en&user=4S3M9soAAAAJ
https://www.scopus.com/authid/detail.uri?authorId=57211921000

