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Abstract

This paper addresses the minimization of energy consumption in device-to-device
(D2D) communications in the healthcare logistics domain. Given the vital importance
of actions in this field for patients' lives, it is crucial to reduce the energy consumed
by the devices used. This study aims to propose a fuzzy approach to predict the energy
consumption induced by different protocols in D2D communications to minimize the
energy consumption of healthcare logistics devices. A fuzzy supervisor is developed to
evaluate and forecast the energy consumption of the devices in D2D communications.
This approach allows for obtaining more accurate predictions and a better
understanding of how device energy consumption can be reduced. Numerical
simulations were conducted to validate the proposed method. The results show the
efficiency and sustainability of D2D communication systems and a significant
reduction in energy consumption when a classical method is applied.

KEYWORDS: D2D COMMUNICATION, FUZZY LOGIC, ENERGY CONSUMPTION, HEALTHCARE
LOGISTICS.

1 Introduction

Since the previous century, various sectors have adopted novel technological solutions. These
innovations have been particularly prominent in the communications sector [1]. Initially, the
communication landscape was dominated by the traditional bell tool, but over time, new and
surprising communication technologies emerged, introducing innovative communication
modes [2]. The concept of communication has expanded beyond individual users and now
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encompasses their surrounding environment. This expansion has led to the emergence of a
new communication mode called Device-toDevice (D2D) communication, which is simple,
easy to use, and highly useful [3]. Although initially developed for industrial applications,
D2D devices are now widely deployed in various settings, including critical domains like
healthcare [4].

In the medical sector, e.g., hospitals, rapid and effective information sharing among different
departments and healthcare professionals is essential. D2D communication offers a wireless
communication solution that allows devices such as smartphones, tablets, and medical devices
to communicate directly without relying on a central network [5]. This capability is
particularly vital in environments like surgical units where the patient's well-being is of
utmost importance. Leveraging D2D communication for medical needs can significantly
enhance routine tasks, including patient tracking processes and the management of inventory
and medical equipment [6]. For instance, medical devices can communicate directly with each
other to exchange patient health information, while doctors and nurses can use their
smartphones to share and forward relevant requests, leading to real-time and accurate data
inventory [7].

In the healthcare sector, every healthcare professional must have access to real-time and
updated information, enabling more streamlined and efficient actions by doctors. In critical
applications, such as the responsible pharmacist administering care, any deficiencies or
failures must be avoided. D2D communication facilitates improved information exchange,
thus enhancing healthcare professionals' capabilities [8]. Moreover, D2D communication can
foster increased collaboration between different departments in hospital logistics, resulting in
higher-quality patient care [8]. Besides, D2D communication has the potential to reduce costs
for both patients and hospital administration by enabling more effective resource management
[9]. This goal aligns with the industry's constant pursuit of cost reduction and improved
efficiency [10].

However, when considering the implementation of D2D communication in healthcare
settings, it is essential to address the challenges associated with energy consumption and
related factors [11]. Medical devices and smartphones used in D2D communication consume
significant amounts of energy to operate continuously, leading to increased electricity fees for
hospitals. Moreover, optimizing the energy consumption of these devices becomes crucial to
mitigate the environmental impact. This energy optimization challenge can be tackled by
adopting technologies that offer energy consumption management within devices [12],
utilizing longer-lasting batteries [13], and optimizing data processing to minimize energy
usage [14].

In this paper, a fuzzy supervision is synthesized to minimize energy consumption in D2D
communication to ensure the sustainability and continuity of wireless communication systems
in sensitive environments, such as healthcare logistics.
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2 Related Work

In this section, we give the existing work concerning the energy efficiency in D2D
communication.

Chevillon and al. [23] focused on energy optimization of D2D communications by
incorporating relay devices and exploiting data entropy. Their work highlighted the impact of
relying on energy consumption and proposed a topology based on conditional entropy to
minimize data relayed by the relay device, thereby reducing energy consumption. In [24], Yin
and al. addressed improving energy efficiency in multimedia content dissemination through
adaptive clustering techniques and D2D broadcasting. Their work aimed to ensure the quality
of service (QoS) for different users with varying quality of experience (QOE) requirements,
while enhancing energy efficiency. In order to analyse the energy efficiency of D2D direct
connection systems in 5G networks, Bulashenko and al. [25] demonstrated improved
performance of 5G networks with D2D direct connections compared to Long Term Evolution
(LTE) systems, offering higher data transfer rates and better energy efficiency. Xu and al. [26]
studied the design of energy-efficient mechanisms for D2D communications. They proposed a
contractual approach based on contract theory to determine the price of user contributions in
data transmission and used matching theory to achieve optimal matching between data
requesters and users willing to relay. Their simulation results demonstrated the effectiveness
of the proposed algorithms. In [27], Sultana and al. investigated resource allocation for
healthcare data transmission using D2D communication in the context of the Narrowband
Internet of Things (NB-10T). Their work aimed to ensure QoS while maximizing data rates
for priority healthcare data. They developed an optimization framework using non-integer
multi-objective linear programming for fair resource allocation, resulting in higher data
delivery rates and reduced data delivery latency. Khalaf and Abdulsahib [28] proposed an
energy-efficient routing and reliable data transmission protocol for wireless sensor networks
(WSN). Their protocol, HEESR, used fixed time slot assignments and combined one-way and
multi-way routing techniques to minimize data transmission and improve energy efficiency in
WSNSs. Elijorde and Lee [29] focused on achieving reliability and energy efficiency in cloud
data centers through workload profiling and SLA-aware virtual machine (VM) assignment.
Their approach involved clustering similar VMs based on workload profiles and using an
SLA-aware assignment strategy to optimize resource provisioning, resulting in improved
performance and energy efficiency. Cao et al. [30] proposed a Group-based D2D (GD2D)
clustering model for multi-recipient D2D communication, considering physical and social
constraints. They developed a relay selection mechanism based on social links and formulated
a resource allocation problem to maximize system energy efficiency. Their results showed
significant improvements in energy efficiency compared to traditional user-centric schemes at
cell edges. In [31], Muthukumar et al. worked on the average potentiality approach for a
decision-making problem based on soft intuitionistic fuzzy sets in the medical domain. This
approach offers a balanced solution to this problem using soft fuzzy sets of level. They
implemented this average potentiality approach in medical diagnosis using a hypothetical case
study.

3 PROBLEM FORMULATION AND SYSTEM MODELING

Minimizing energy consumption in D2D communication used in healthcare must be properly
understood. In what follows, we will present the problem formulation and describe the system
model used in this study.
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3.1  Problem formulation

Energy use is a significant challenge in healthcare logistics when using D2D communication.
Mobile devices such as D2D communication terminals are frequently used for long periods,
requiring minimizing battery consumption and extending battery life. Otherwise, the quality
of patient care may be compromised, as terminals may switch off unexpectedly or become
unavailable when needed [10-11]. To minimize the impact of energy consumption on D2D
communication, it is necessary to select optimized communication protocols over listening
time reduction, reducing the number of transmissions and using larger capacity batteries.
Therefore, implementing power management strategies to conserve energy will be
convenient. One can also use artificial intelligence techniques to minimize energy
consumption, which could be done by considering contextual parameters, such as signal
quality, transmission distance, and battery charge level, as shown in [12-13]. To this end, we
must reply to this question:

How can we reduce the energy consumption of devices used for D2D communication in
healthcare logistics while ensuring communication quality and maximizing battery life?

This question will be answered once the system model is known to see what parameters must
be managed for that goal. Consequently, we will try to give such system descriptions in our
study as it will be underlined in what follows.

The mathematical model below depicts the formal representation of the problem under study:

Variables:
Q: Signal quality, measured in dBm.
D: Transmission distance, measured in meters.
— B: Battery charge level, measured in percentage.
P: Transmission power, measured in dBm.
Obijective:
Minimize the energy consumption of devices used for D2D communication in healthcare
logistics, while ensuring communication quality and maximizing battery life.

J Constraints:
— Communication quality constraint: Q > QOmin, where Qmin is the minimum required
quality.
— Battery life constraint: B > Bmin, where Bmin is the minimum required capacity to ensure
proper functioning.
— Distance constraint: D < Dmax, where Dmax is the maximum transmission distance.
o Objective function:

E =1(Q, D, B, P), where f is a function that measures the energy consumption based on signal
quality, transmission distance, battery charge level, and transmission power.

The overall mathematical model can be formulated as follows: Minimize E

Subject to:

Communication quality constraints:

If Q is low, then P > Pmin(Q).

If Q is high, then P < Pmax(Q).

Transmission distance constraint: D < Dmax.

Battery charge level constraints:

If B is low, then P < Pmax(B).

O © € O O e
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o If B is high, then P > Pmin(B).
o Transmission power constraint: Pmin < P < Pmax.

3.2  System Model

The proposed system model aiming to minimize energy consumption in D2D communication
used in hospital logistics consists of several interconnected components. The primary
components include D2D communication terminals for exchanging information between
medical staff and patients. These terminals are equipped with sensors that measure medical
data and wirelessly transmit them to other ones. The system also includes an energy
management module responsible for monitoring the energy consumption of the D2D
communication terminals and taking measures to optimize their usage. This module can adjust
communication parameters such as listening time and transmission power, ensuring energy
efficiency without compromising communication quality. Finally, the system uses fuzzy logic
techniques to process data collected during the D2D communication process. This approach
allows uncertain variables to be taken into account and optimal solutions found for
minimizing energy consumption while maintaining communication quality. The entire system
is designed to optimize D2D communication efficiency while minimizing energy
consumption. It must also ensure patient care quality and mitigate the environmental impact
of hospital logistics. These objectives can be achieved using a fuzzy analysis approach, which
will be explored further in the upcoming section.

The flowchart (Fig 1) represents the system model. It depicts the workflow and the decisions
made to minimize the energy consumption of devices used for D2D communication in
healthcare logistics while ensuring communication quality and maximizing battery life.

Initialization
(Q.D,B,P)

]

Read Data (Q, D, B)

D==Dmax

oo

B=>Bmin

Calculate the optimal Measure the energy
transmission power (P) consumption E

Update B, Q. D

Fig 1 —System model flow chart.
4 Fuzzy SYSTEM

In the context of D2D communication used in hospital logistics, we aimed to examine how a
fuzzy logic approach could be used to model variables such as signal quality, transmission
distance, and battery level [14][15][16]. By defining fuzzy membership functions, it would be
possible to represent these variables more accurately. The analyst can take uncertainties and
data variations into account [17]. Thanks to the relationships defined between variables, one
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can make decisions based on those relationships, as is usually the case. For example, to
minimize energy consumption, a fuzzy rule could be defined to adjust the transmission power
of the terminal based on signal quality, transmission distance, and battery level while
maintaining reliable communication [14][15][16]. Hence, using fuzzy logic analysis, it is
possible to develop a smart energy management system for D2D communication in hospital
logistics that will consider uncertain variables and provide optimal solutions for minimizing
energy consumption while ensuring prescribed communication quality [18].

5 MODEL IMPLEMENTATION

The EAS system incorporating fuzzy logic is generally composed of three stages:
Fuzzification, Inference, and Defuzzification [19][20][21]. The block diagram of the proposed
EAS is shown in Fig 2.
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Fig2 — Schematic System Diagram (SSD).

With reference to the above diagram, the studied systems will correctly operate based on the
following information set.

Input variables:

Signal quality (Q): measured in dBm, with values ranging from 0 (Very Weak signal) to 45
(Very Strong signal).

Transmission distance (D): measured in meters, with values ranging from 0 (very close) to
1000 (Very Far).

Battery level (B): measured in percentage, with values ranging from 0 (Discharged Battery) to
100 (Fully Battery).

Output variables:

The range for the transmission power (P) is from -30 to 30 dBm, where the former
corresponds to a power of 1 uW (Minimum Power) and the latter corresponds to a power of
1W (Maximum Power).

Membership functions:

Figures 3, 4, and 5 depict the membership functions for the input variables, namely Signal
Quiality (Q), Transmission Distance (D), and Battery Level (B), respectively, whereas Fig 6
depicts the membership functions for the output variable, i.e., the Transmission Power (P)
[22].

Signal Quality (Q):

To represent Signal Quality as a fuzzy variable, we define the following membership
functions:
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Very Weak: Triangular, with a base of (0, 10) and a peak of 5.
Weak: Trapezoidal, with a base of (5, 20) and peaks of 10 and 15.
Medium: Trapezoidal, with a base of (15, 30) and peaks of 20 and 25.
Strong: Trapezoidal, with a base of (25, 40) and peaks of 30 and 35.
Very Strong: Triangular, with a base of (35, 45) and a peak of 40.

0O O O O O

Fig 3 represents the input variable Q, i.e., signal quality in dBm.
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Fig 3. Input variable Q (dBm).

Transmission distance (D):
The input variable "Transmission distance (D)" represents the transmission distance in meters.
To model this variable in fuzzy logic, we can define the following membership functions:

Very Close: Triangular, with a base of (0, 100) and a peak of 20.

Close: Trapezoidal, with a base of (0, 200) and peaks of 50 and 100.
Medium: Trapezoidal, with a base of (50, 500) and peaks of 150 and 300.
Far: Trapezoidal, with a base of (200, 1000) and peaks of 400 and 700.
Very Far: Triangular, with a base of (500, 1000) and a peak of 800.

o O O O O

Fig 4 represents the input variable D, i.e., transmission distance in meters.
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Battery level (B):
The input variable 'Battery level (B)' represents the battery charge level. To model this

variable in fuzzy logic, the following membership functions can be defined:

Discharged Battery: Triangular, with a base of (0, 20) and a peak of 10.
Low: Trapezoidal, with a base of (0, 40) and peaks of 20 and 30.
Medium: Trapezoidal, with a base of (20, 70) and peaks of 40 and 55.
High: Trapezoidal, with a base of (50, 100) and peaks of 70 and 85.
Full Battery: Triangular, with a base of (80, 100) and a peak of 90.

0 O O O O

Fig 5 depicts the membership functions for the input variable B, which represents the battery

level.
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Fig 5. Input variable B (%).

Transmission power (P):
The input variable P, which represents the transmission power, can be modeled in fuzzy logic

using the following membership functions:
Minimum Power: Triangular, with a base of (-30, -15) and a peak of -22.5.
Low: Trapezoidal, with a base of (-25, -5) and peaks of -15 and -20.
Medium: Trapezoidal, with a base of (-15, 15) and peaks of -5 and 5.

High: Trapezoidal, with a base of (5, 25) and peaks of 15 and 20.
Maximum Power: Triangular, with a base of (15, 30) and a peak of 22.5.

0O O O O O

These membership functions are depicted in Fig 6.
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-30 -20 -10 ] 10 20 30
P

Fig 6. Output variable P (dBm).

Degree of membership

Fuzzy rules:
Fuzzy rules are defined to relate the input variables to the output variable. For example:

Here are the rules for transmission power (P) based on signal quality (Q), transmission
distance (D), and battery level (B):

If the signal quality is very weak (VW) OR the distance of transmission is very close (VC)
OR the battery level is drained (DB), then the transmission power should be at minimum
power (MP).

If the signal quality is weak (W) AND the distance of transmission is close (C) AND the
battery level is low (L), then the transmission power should be at low power (L).

If the signal quality is moderate (M) OR the distance of transmission is moderate (M) OR the
battery level is moderate (M), then the transmission power should be at moderate power
(MP).

If the signal quality is strong (S) AND the distance of transmission is far (F) AND the battery
level is high (H), then the transmission power should be at high power (H).

If the signal quality is very strong (VS) AND the distance of transmission is very far (VF)
AND the battery level is full (FB), then the transmission power should be at maximum power
(MAP).

Fig 7. Fuzzy Rules (3D).
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Fig 7 depicts the fuzzy rules for determining the optimal transmission power in D2D
communication for hospital logistics in a 3D plot. The plot illustrates the relationship between
the three input variables (signal quality, transmission distance, and battery charge level) and
the output variable (transmission power). Each rule is represented by a surface, where the x
and y axes correspond to the input variables (signal quality and transmission distance), and
the z-axis corresponds to the output variable (transmission power). The height of each surface
corresponds to the degree of membership of the output variable for that rule. The overlapping
regions between the surfaces represent the combination of conditions that trigger more than
one rule, and their height represents the degree of membership of the output variable for those
combined rules. By using these rules, the optimal transmission power can be determined
based on the current values of the input variables.

System Control:

The fuzzy rules are aggregated using a deduction method to determine the value of the output
variable (P) [23]. Different rules contribute to different values of P, which are then combined
to obtain a final value. Using this fuzzy model, the energy management system can adjust the
terminal transmission power in real time based on measured data to minimize energy
consumption while maintaining reliable communication. Examples of input parameters for
adjusting the transmission power are shown in Figures 8 and 9.

Q=44 D =367 B=63.3
P=4.07

0 100 0 1000 0 100

j
]
IS

Fig 8. Example 1 of fuzzy rules.

Q=163 D =187 B =50
P=-4.16

0 100 0 1000 0 100

MM

Fig 9. Example 2 of fuzzy rules.
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6 RESULTS, ANALYSIS AND DISCUSSIONS

The curves in Figures 10 and 11 show that using a fuzzy system to optimize transmission
power can significantly reduce the total energy consumption in a wireless communication
network.

In the case of 5 UEs (Fig 10), the total energy consumption is reduced by about 5.48% when
the fuzzy system is used.

Total Energy Consumption with 5 UEs
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Fig 10. Total Energy consumption in 5 UEs case.

For example and in 8 UEs case (Fig 11), both curves are similar in trend, but the total energy
consumption with fuzzy system guidance is still slightly lower than without one, implying
that the fuzzy system is also effective in larger networks.
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Fig 11. Total Energy consumption in 8 UEs case.

In order to assess the impact of increasing the number of users (UEs), Table 1 summarizes the

total energy consumption with and without the fuzzy system for different scenarios (20, 30
and 50 users):

Table 1. Summary of Total Energy Consumption.

Without fuzzy With fuzzy
umber of S .
UEs system analysis ystem analysis
() ()
5 181.54 171.59
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8 202.28 190.92
20 596,12 370,12
30 693,22 431,11
50 1915,40 1008,9

As shown in the table, using the proposed fuzzy system reduces significantly the total energy
consumption in all cases. For 8 user equipment (UEs), the reduction is by about 6%.
Furthermore, for 50 UEs, the reduction reaches approximately 48%. These results confirm the
effectiveness of the fuzzy system in optimizing energy consumption in larger-scale wireless
communications.

The results show that without the fuzzy system, energy consumption increases with the
number of users. However, with the introduction of the fuzzy system, intelligent energy
management is achieved, resulting in a significant reduction in average energy consumption.

The Fig 12 shows the average energy consumption in the two cases where the fuzzy approach
and the proposed method in [30]. For example, for 20 users, the average energy consumption
it is reduced by about 37%. This figure highlights the effectiveness of the proposed fuzzy
system in energy optimization. This is particularly important in the current context where
energy efficiency has become a major concern in communication networks.
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Fig 12. Average energy as a function of the number of users.
7 CONCLUSION

As a new technology approach, D2D communication is a crucial element. It could particularly
help in healthcare logistics. Indeed, the energy consumed is a major concern for the
sustainability and operational continuity of the planned systems. In this paper, we suggested
and explored using a fuzzy analysis approach to minimize energy consumption in D2D
communications. The results showed that protocol optimization can significantly reduce
energy consumption and extend a device’s lifespan.

When comparing the energy consumption curves for D2D communications with and without
the fuzzy system, a slight reduction of 5.47% and 5.62% was observed for five and eight users
respectively. These results confirm the effectiveness of our strategy, which could be further
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improved. However, in the case of larger networks with 20, 30, and 50 users, the reduction
reached up to 47%, demonstrating that the fuzzy system is particularly effective in larger
networks.

It is important to emphasize that this approach can contribute to designing more efficient and
sustainable communication systems, providing continuous energy assurance in sensitive
environments such as healthcare logistics. By reducing energy consumption, not only can the
device's autonomy be improved, but also the operating costs be reduced.

Using a fuzzy analysis approach to optimize energy consumption in D2D communications
can be an effective way to ensure the sustainability and continuity of wireless communication
systems in sensitive environments such as healthcare logistics.

References

[1] Brusic, V. P. & Veljkovic, K. (2015). Technology diffusion and adoption. In
Encyclopedia of Information Science and Technology, Third Edition (pp. 7405-7413). IGI
Global.

[2] Bell, A. (1922). The Bell Telephone System. Bell System Technical Journal, 1(1), 3-
21

[3] Bala, M. A. & Ibrahim, M. I. Y. (2016). Device-to-Device communication: A
technological review. International Journal of Computer Networks and Communications
Security, 4(2), 54-61.

[4] Ju, J. J., Park, J. S., Hahn, J. W., & Kim, J. H. (2018). Current status and future
direction of medical devices and technology. Journal of Korean Medical Science, 33(26),
e185.

[5] Bucholz, R. T. & Stern, M. S. (2004). Applications of wireless communication in
neurological surgery. Neurosurgery Clinics of North America, 15(2), 223-234.

[6] Al-Fugaha, A., Guizani, M., Mohammadi, M., Aledhari, M., & Ayyash, M. (2015).
Internet of things: A survey on enabling technologies, protocols, and applications. IEEE
Communications Surveys & Tutorials, 17(4), 2347-2376.

[7] Bush, D. D., Town, J. W., Kreulen, J. R., & Stanfill, D. F. (2017). The hospital
inventory management study: Facility practices, improvement opportunities, and best
practices identification. Journal of Healthcare Engineering, 8(1), 1-30.

[8] Denny, J. N. & Manchala, M. K. (2016). Interdepartmental collaboration for patient
safety: A literature review. Journal of Healthcare Management, 61(1), 10-24.

[91 Kim, R. C. & Smith, C. O. (2019). The impact of hospital cost-cutting strategies on
US hospitals. Journal of Healthcare Management, 64(4), 223-240.

[10] Gibbons, R. J. (2012). Introduction: The healthcare industry: What's happened?
What's next? Journal of Healthcare Management, 57(4), 220-222.

[11] Hilty, J. M., Aronson, E., & Hirsch, R. A. (2013). Energy and ICT: Assessing digital
costs and benefits. Journal of Industrial Ecology, 17(5), 656-667.

[12] Lee, S., Kim, D., & Choi, H. (2015). An energy-efficient D2D communication
scheme based on a mode selection method for mobile social networks. Journal of
Communications and Networks, 17(5), 536-546.

[13] Cho, H., Kwon, Y., Jeong, Y., & Kim, Y. (2016). Energy-efficient device-to-device
communications based on efficient power allocation and adaptive mode selection. Journal
of Communications and Networks, 18(4), 613-623.



123 Improved energy efficiency in D2D ...

[14] Al-Salim, F. A. (2014). An adaptive fuzzy logic system for energy-efficient wireless
communication. IEEE Transactions on Wireless Communications, 13(6), 3391-3402.

[15] Eom, K. Y., & Kim, Y. H. (2015). Fuzzy logic-based energy-efficient routing
algorithm for wireless sensor networks. Journal of Supercomputing, 71(3), 1083-1096.

[16] Yoon, C., & Kim, J. H. (2016). Fuzzy logic-based energy-efficient transmission
scheme in wireless body area networks. Journal of Medical Systems, 40(4), 1-9.

[17] Gomaa, H., & Abdallah, F. (2017). Fuzzy logic-based energy-aware routing protocol
for wireless sensor networks. Wireless Networks, 23(1), 225-237.

[18] Yu, J., & Kim, D. (2019). An intelligent energy management system for home
automation based on fuzzy logic and loT. IEEE Access, 7, 55005-55012.

[19] Jang, J.-S. R., Sun, C.-T., & Mizutani, E. (1997). Neuro-fuzzy and soft computing: a
computational approach to learning and machine intelligence. Prentice-Hall, Inc.

[20] Wang, L.-X., & Mendel, J. M. (1992). Fuzzy basis functions, universal
approximation, and orthogonal least-squares learning. IEEE Transactions on Neural
Networks, 3(5), 807-814.

[21] Zakaria, W., Yusof, U. K., & Naim, S. (2019). Modelling and Simulation of Crowd
Evacuation with Cognitive Behaviour using Fuzzy Logic. International Journal of
Advances in Soft Computing and its Applications, 11(2), 132-149.

[22] Mamdani, E. H., & Assilian, S. (1975). An experiment in linguistic synthesis with a
fuzzy logic controller. International Journal of Man-Machine Studies, 7(1), 1-13.

[23] R. Chevillon et al., "Energy optimization of D2D communications using relay
devices and data entropy,” in IEEE International Symposium on Personal, Indoor and
Mobile Radio Communications (PIMRC), Montreal, QC, Canada, Oct. 2017.

[24] L. Yin et al., "Improving energy efficiency of multimedia content dissemination by
adaptive clustering and D2D multicast,” in Proceedings of the IEEE International
Conference on Multimedia and Expo (ICME), 2019.

[25] A. Bulashenko et al., "Energy efficiency of the D2D direct connection system in 5G
networks,” in Proceedings of the IEEE Global Communications Conference
(GLOBECOM), 2020.

[26] L. Xu et al., "Energy efficient D2D communications: A perspective of mechanism
design,” in Proceedings of the IEEE Wireless Communications and Networking
Conference (WCNC), 2016.

[27] N. Sultana et al., "QoS-aware Resource Allocation for Healthcare Data Transmission
using D2D Communication in NB-loT,"” in Proceedings of the IEEE International
Conference on Communications (ICC), 2023.

[28] O. I. Khalaf and G. M. Abdulsahib, "Energy Efficient Routing and Reliable Data
Transmission Protocol in WSN," International Journal of Advances in Soft Computing and
its Applications, vol. 12, no. 3, pp. 45-53, 2020.

[29] F. Elijorde and J. Lee, "Attaining Reliability and Energy Efficiency in Cloud Data
Centers Through Workload Profiling and SLA-Aware VM Assignment,” International
Journal of Advances in Soft Computing and its Applications, vol. 7, no. 1, pp. 41-58, 2015.

[30] J. Cao et al., "Energy efficiency resource allocation for cell-edge users with social-
aware based grouping D2D," in Proceedings of the IEEE International Conference on
Communications (ICC), 2023.



Anouar Ben Abdennour et al. 124

[31] P. Muthukumar and G. S. Sundara Krishnan, "A Mean Potentiality approach of an
Intuitionistic Fuzzy Soft Set Based Decision Making Problem in Medical Science,”
International Journal of Advances in Soft Computing and its Applications, vol. 6, no. 3, pp.
1-25, 2014.

Notes on contributors

Anouar BEN ABDENNOUR Assistant in the Computer Science
Department at the Higher School of Applied Sciences and
Technologies of Gabes - Tunisia. He is also a researcher at the
Modeling, Analysis and Control Systems Laboratory (MACS -
National Engineering School of Gabes). He received his master’s
degree in Computer Science and Multimedia from Gabes - Tunisia.
His research interests include Internet of Things, Network Security
and Mobile Networks Management.

Taoufik BENHMAD is currently pursuing his Ph.D. at National
Engineering School of Gabes - University of Gabes, Tunisia. He
belongs to the research at laboratory of Analysis and Control of
Systems. He has a master’s degree in Electronics and
telecommunication from Higher Institute of Computer Science and
Multimedia of Gabes. His research interests include Internet of
Things, Network Security, Sensor Networks.

Mohamed Ouwais KABAOU is an Assistant Professor at the
Multimedia and Web Department of the High Institute of
Computer and Multimedia of Gabes, University of Gabes, Tunisia.
He is also a researcher in the Modeling, Analysis and Control
Systems laboratory (MACS-ENIG). He obtained his Ph.D. in
Electrical Engineering from the National Engineering School of
Gabes (ENIG) in Tunisia. Previously, he worked as an Assistant
Professor in Communication Systems at the Department of
Telecommunications and Networks in the High School of Applied
Sciences and Technologies ESSAT-Gabes. After completing his Electrical Engineer’s
Diploma in Electrical Engineering and Control, he obtained his master’s degree in Control
and Smart Technics from the National Engineering School of Gabes. His research focuses
on Radio Resources Management in Mobile Networks, Signal Processing, Opportunistic
Scheduling, Energy Efficiency and Power Consumption in New Generation Mobile
Networks and Green Technologies.

Belgacem CHIBANI RHAIMI is a Professor in Computer Sciences

& Information Engineering at National Engineering School of Gabes

#= ==} - Tunisia. He received his University Habilitation in Electrical
Engineering from the University of Gabes -Tunisia, in 2001 and his

™ PhD (Doctoral degree) in Communications and Signal Processing from
\"' - National Engineering School of Tunis - Tunisia in 1995. He is a
member of the Research Laboratory of the Modeling, Analysis and
‘ Control Systems. Currently, his research areas cover Signal
Processing and Mobile Communications. He is the author of more

than 100 publications. Belgacem CHIBANI RHAIMI participated in the organization of

many Conferences and he was member of some scientific committees of congresses.



