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DEVELOPMENT OF AN ARCHITECTURAL DESIGN METHOD
FOR MOBILE SDN IN ULTRA-DENSE SENSOR NETWORKS

Abstract. Background. The method of deploying SDN controllers on mobile nodes within ultra-dense networks is a vital
component in enhancing the management efficiency of modern telecommunication systems. Given the rapid proliferation of
connected devices and escalating traffic volumes, traditional centralized network management approaches often lack the
necessary flexibility and scalability. Subject of Research. This study focuses on methods for constructing mobile SDN
architectures tailored for ultra-dense sensor networks (UDSNs). Objectives. The aim of this research is to develop a method
for designing a software-defined ultra-dense sensor network architecture, where specific SDN controllers are integrated into
mobile nodes at the edge layer. Results. The study proposes an MEC (Multi-access Edge Computing) platform architecture
specifically designed for deploying SDN controllers on mobile nodes within 5G/6G ultra-dense networks. A three-tier model
for a mobile multi-controller SDN in UDSNSs has been established. Furthermore, a specialized method for the placement and
distribution of SDN controllers on mobile nodes within these ultra-dense environments was developed. Conclusion.
Experimental results indicate that the implementation of the proposed method reduces transaction latency by 60% compared
to traditional SDN-based edge computing models. Additionally, energy consumption is reduced by up to 30%.
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Introduction

The modern advancement of wireless technologies
and the Internet of Things (10T) has led to a rapid increase
in the number of sensor devices operating within unified
network infrastructures [1].

Ultra-dense  sensor networks (UDSNs) are
becoming a pivotal element in domains such as smart
cities, the Industrial Internet of Things (lloT),
environmental monitoring, and autonomous transport
systems [2, 3]. Simultaneously, the increasing network
density complicates management, intensifies resource
load, and presents new challenges regarding scalability
and energy efficiency [4].

Traditional networking approaches fail to provide
the necessary flexibility and adaptability required in such
dynamic environments.

One of the most promising directions for addressing
these issues is the implementation of the Software-
Defined Networking (SDN) concept, which entails the
decoupling of the control plane from the data plane [5,
6]. This approach enables centralized network
management and enhances overall controllability.
However, in the context of ultra-dense sensor networks,
a strictly centralized SDN architecture may lead to
controller overhead and increased latency.

Consequently, decentralized and hierarchical SDN
architectures, as well as approaches involving mobile
nodes, are gaining significant attention. Integrating
mobility into the network's edge layer opens new
possibilities for optimizing controller placement and
improving data processing efficiency [7, 8]. Mobile SDN
controllers are capable of adapting to changes in network
topology and reducing latency by maintaining proximity
to data sources.

Despite a substantial body of research in this field,
the issues of constructing an effective mobile SDN
architecture for ultra-dense sensor networks remain
insufficiently explored. In particular, methods for
optimal controller placement, load balancing, and

ensuring network resilience require further analysis.
Furthermore, it is crucial to account for the constrained
resources of sensor nodes.

Thus, the development of a mobile SDN
architecture for ultra-dense sensor networks represents a
significant step toward improving the reliability and
operational efficiency of modern software-defined
networks.

1. Literature Review

Contemporary research focuses significantly on the
evolution of the Software-Defined Networking (SDN)
concept as a foundation for building flexible and scalable
network infrastructures. In [9, 10], a fundamental
analysis of SDN is presented, defining key principles
such as the decoupling of the control and data planes.
This separation facilitates centralized network
management and simplifies configuration; however, the
authors also identify scalability and reliability issues
inherent in using centralized controllers within large-
scale networks.

Subsequent studies have pivoted toward the
application of SDN in wireless sensor networks (WSNSs).
Research in [11] provides an overview of employing
SDN to enhance management efficiency in sensor
networks, particularly regarding routing optimization
and reduced energy consumption. The authors emphasize
that traditional management approaches fail to meet the
rigorous requirements of ultra-dense environments.

The architectural intricacies of integrating SDN into
wireless sensor networks are explored in [12]. While the
proposed solutions improve network flexibility and
ensure effective interaction between nodes and
controllers, the challenge of optimal resource allocation
remains unresolved.

The study in [13] is dedicated to developing an SDN
architecture for 6LOWPAN networks, enabling the
integration of sensor devices into IP-oriented
environments. This represents a significant step toward
building scalable 10T systems; nevertheless, the problem
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of adapting to topological changes necessitates further
investigation.

In [14], the problem of SDN controller placement in
5G-1oT networks is addressed. The proposed approach
aims to minimize data transmission latency and ensure
load balancing, both of which are critical for ultra-dense
sensor networks.

The use of SDN for constructing heterogeneous
networks, including nano-networks, is proposed in [15],
demonstrating the potential for scaling and integrating
diverse devices. This confirms the promise of SDN as a
universal technology for managing complex network
systems.

Research in [16] examines the integration of
intelligent mechanisms into next-generation networks,
specifically 5G and loT. The author underscores the
importance of combining SDN with artificial intelligence
(Al) technologies to enhance network adaptability and
autonomy.

The analysis of current research [9-16] indicates
active progress in developing SDN-based approaches for
sensor and I0T networks. However, existing solutions are
primarily oriented toward static or semi-dynamic
environments and do not sufficiently account for node
mobility. This gap necessitates the development of new
methods for constructing mobile SDN architectures for
ultra-dense sensor networks, which constitutes the
subject of this study.

Distributed
fixed SDN

Joo

Centralized SDN

Research Objective: To develop and evaluate a
method for constructing a software-defined ultra-dense
sensor network architecture, wherein specific SDN
controllers are deployed on mobile nodes at the edge
layer.

2. Mobile SDN Structure

The evolution of SDN technology has progressed
from a centralized scheme with a single SDN controller
toward a distributed framework utilizing multiple
controllers. The architecture of such networks has been
established based on distributed network management
through edge computing nodes [17]. In these networks,
SDN controller functions are distributed across edge
computing nodes to implement a centralized
management scheme [18]. Each virtual controller
interfaces with a centralized management framework that
supports one or more SDN controllers, depending on the
network scale.

Modifications to SDN technology are aimed at
providing SDN controller mobility to support high-
density and ultra-dense network scenarios. A variant of
the network model featuring a mobile SDN controller is
depicted in Fig. 1. In this context, the SDN network can
be categorized into three primary levels:

— Centralized SDN controllers;

— Distributed stationary SDN controllers;

— Distributed mobile SDN controllers.

U b

Mobile Edge Devices Layer in SDN

Fig. 1. Network model with a mobile SDN controller

Centralized SDN Controllers. Several centralized
SDN controllers are utilized to construct the SDN
network, providing overarching management. This
management method defines the primary level of
network control and maintains the necessary interfaces
with network operators.

Previously proposed algorithms are employed to
address the challenges of controller placement and
distribution within the network. In this case, the network
architecture consists of the following six core
components.

The Control Plane is a set of network applications
that govern the logic of the SDN network. Software tools
are utilized to ensure flexibility and ease of deployment
for new applications and services, such as routing, load
balancing, policy enforcement, or user applications. They
also facilitate the orchestration and automation of
network operations through existing Application
Programming Interfaces (APISs).

Controllers represent the most intelligent and
critical layer of the SDN architecture, containing one or
more controllers that transmit various types of rules and
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policies to the infrastructure layer via the Southbound
(SB) interface.

The Data Plane (Infrastructure Layer) consists of a
set of data forwarding devices within the network
(routers, switches, load balancers, etc.). It utilizes
Southbound APIs (SB APIs) to interact with the control
plane, receiving data forwarding rules and policies to be
applied to the respective devices.

Northbound (NB) Interfaces provide
communication between the control and management
layers, typically comprising a set of open-source APIs.

East-West Interfaces enable communication
between multiple controllers. They utilize messaging
systems or distributed routing protocols, such as BGP
(Border Gateway Protocol) and OSPF (Open Shortest
Path First). These interfaces are also used for
communication between centralized controllers and other
network devices.

Southbound Interfaces facilitate interaction
between the control plane and the data plane; these are
protocols that allow the controller to push policies to the
forwarding plane. The OpenFlow protocol is the most
widely recognized and prevalent protocol for SDN-
enabled networks. However, OpenFlow is only one of

many SDN protocols; others include OpFlex, which
redistributes certain network management tasks to the
infrastructure layer to improve scalability, and ForCES,
which offers a flexible method for enhancing the
management of traditional networks without a logically
centralized controller. Additionally, the ROFL (Revised
OpenFlow Library) provides an APl for software
developers to more efficiently create new applications.

Stationary Distributed SDN Controllers. The
layer of stationary distributed SDN controllers includes
an integrated SDN controller at the edge of the Radio
Access Network (RAN). The RAN consists of distributed
heterogeneous cellular cells with eNB base stations.

Each eNB is connected to a Multi-Access Edge
Computing (MEC) server. In this configuration, the MEC
represents a multi-tier structure, as the utilized MEC
servers are heterogeneous in terms of computing
capabilities and feature a hierarchical structure of three
primary cloud tiers interconnected by high-speed fiber-
optic links [19].

A new architecture for the existing MEC-based
RAN in 5G/6G networks is developed, as shown in Fig.
2, employing a multi-level interaction system of edge
computing systems, as illustrated in Fig. 1

SR MEC Application | OpenFlow Handler ‘
<:> MEC Controller
Appl. 1 Appl. 2 Appl. N
RNIS i i i I OpenFlow Handler l
SRiailgl Physical Resources =
P gile <:> Scheduling
rocessing - Energy
Processing Consumption Storage
‘ TRX Decision-Making @ Admission Control
Synchronization <:> Engine Mechanism

Fig. 2. MEC platform architecture for the SDN controller placement method
on mobile nodes in 5G/6G ultra-dense networks

The first core component of the MEC platform is
the hardware or physical resources, comprising the CPU,
storage units, and hardware tools used for power delivery
and process monitoring. This component varies across
different cloud tiers. Hardware resources are either
utilized or shared between local and offloaded computing
tasks.

To ensure the efficient use of edge computing
resources, a resource scheduler is implemented to
manage and allocate resources among various
computational tasks.

Computational tasks are offloaded to the MEC
server, and the system must decide, based on available
resources and predefined Quality of Service (QoS)

criteria, whether to process the offloaded task.
Consequently, the MEC platform must include a
decision-making mechanism that responds to offloading
requests by either accepting or rejecting application
offloading tasks. The decision-making mechanism is the
part of the MEC platform that implements application
offloading algorithms. To make an offloading decision,
this mechanism requires data on the currently available
server resources, which is provided via the admission
control system.

Another component of the platform is the
synchronizer/TRX (Transceiver), a hardware-software
system responsible for connecting the MEC server with
other devices, such as eNBs. Thus, the synchronizer/TRX
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facilitates the transmission and reception of data to and
from the MEC platform.

Each MEC server features a controller that hosts a
Virtual Machine (VM) implementing the SDN network
management method used in the core network. This MEC
controller facilitates integration and interaction with the
core network. Furthermore, the MEC controller manages
and monitors server operations to ensure high
availability, flexibility, and reduced latency. The MEC
controller receives updates from the core SDN controller
via the OpenFlow protocol and updates the relevant
components of the MEC platform accordingly. The
communication between MEC servers and the SDN
controller via OpenFlow ensures efficient and
accelerated interaction between the SDN controller and
the RAN.

Additionally, MEC applications provide network
operators with new avenues for deploying MEC-based
services.

MEC-based stationary distributed SDN controllers
interface with both centralized and mobile SDN
controllers.

Mobile Distributed SDN Controllers. These
controllers are typically lightweight SDN controllers
deployed on moving objects. There are numerous use
cases for mobile SDN controllers; for instance, they can
be installed on vehicles to support interaction within
ultra-dense networks and ensure ultra-high system
availability. A mobile SDN controller possesses one or
more interfaces with stationary distributed SDN
controllers. This integration fulfills the connectivity and
availability requirements of 6G networks. A lightweight
MEC platform architecture (Fig. 2) is utilized for the
implementation of mobile controllers.

Furthermore, mobile controllers provide localized
decision-making, which significantly reduces latency in
processing network events.

This is particularly critical for scenarios with
stringent response time requirements, such as
autonomous vehicles or the Tactile Internet. The use of
mobile SDN controllers also helps alleviate the load on
central control nodes by distributing network
management functions. Moreover, these controllers can
dynamically adapt to changes in network topology
caused by the movement of users or infrastructure nodes.

A key advantage is the ability to integrate with
MEC resource orchestration mechanisms, ensuring the
efficient utilization of computational and network
resources at the periphery.

Mobile controllers can also perform data pre-
processing and traffic filtering, reducing the volume of
information transmitted to central data centers. In terms
of energy efficiency, they allow for optimized power
consumption through local load management.

However, the deployment of mobile distributed
SDN controllers introduces several challenges, such as
maintaining network state consistency among controllers
and ensuring reliable synchronization. Security is equally
paramount, as mobile nodes may be more susceptible to
attacks. Consequently, research in this field for ultra-
dense networks must focus on developing effective
coordination mechanisms, security protocols, and

adaptive management for mobile SDN controllers in
next-generation networks.

3. Model of a Mobile Multi-Controller SDN
for Ultra-Dense Sensor Networks

To analyze the proposed system, we construct a
mobile multi-controller SDN model using graph theory.
In SDN environments, in-band communication is
typically employed as the primary signaling method.

Formalization of Network Connections. The
controller network topology is represented as an
undirected graph G = (V, E), where V and E denote the
sets of nodes and the links between them, respectively.

The set of SDN controllers deployed in the core
network is denoted as N¢ and defined as follows:

Nc ={C;,Cs,...,Cp,-...Cy} VNELN, (1)

where N is the total number of core SDN controllers.
The set of controllers deployed at the network edge
is denoted as Ec and defined as:

Ec ={C1,Cp,-...Cy,--,Ck} VkelK, (2

where K is the total number of SDN controllers deployed
at the RAN edge.

Each group of edge controllers interfaces with a
core network controller. The set of edge controllers
associated with a core controller C,, is defined as:

3¢ ={cl(”),cgn),...,CISQ),...(:&“”) ,
kn<K,EL) c Ec, vkn el Kn, 3)
N
> Kn=K,
n=1

where Kn is the total number of edge controllers
interfacing with the core controller Cy.
The set of deployed mobile controllers is defined as:

Mc :{c§m>,cgm),...,c§m>,...,c{m} VIell, (4)

where L is the total number of deployed mobile SDN
controllers.

Each group of mobile controllers interfaces with an
edge controller.

The set of mobile controllers associated with an
edge controller Cy, is defined as:

m :{cl(m'k),cgm'k),...,CEL”*‘(),...,CET*") ,
k<L, MY cM¢, vk eI Lk, ©)
K
> Lk=L,
k=1

where Lk is the total number of mobile controllers
interfacing with the edge controller Cx.

In the data plane, each switch distributed among the
controllers is connected to an SDN controller. These
connections are determined by a specialized controller
placement algorithm. The set of deployed switches is
defined as:
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$={8,,5,,...8,,....5)| VrelR, (6)

To evaluate controller performance, the response
time is used as a metric, which is significantly influenced
by queuing delays. Controllers are modeled using an
M/M/s multi-server queuing model, where s is the
number of serving devices. The average response time T;
of controller C; is calculated as the sum of the queuing
wait time and the processing time. This can be derived
using the Erlang-C formula as a function of the request
arrival rate A; and the service rate p:

T()=C(s.a/m)f(s-t-2)+us (D)

where C(s, % /u) represents the probability that all

servers in the system are busy and any incoming packet
will be queued. This probability is calculated as:

{(SZ)SM;’J

J

where p :S— is the server utilization factor, serving
U
as an indicator of system stability.

The arrival rate A; for the controller is calculated as
the sum of the average request rates from the switches
connected to that controller.

Interaction Costs Between Switches and
Controllers. Regarding the interaction between switches
and controllers, when a flow table (e.g., a new flow entry)
must be established upon request, the switch sends
packets to the controller. The controller then calculates
the data path and installs the corresponding flow label on
the switch. Subsequently, the switch forwards packets
according to the flow table. In this process, the total
packet latency for controller C,, consists of the time
required to deliver the packet information to the
controller and the controller's subsequent response to the
switches. The interaction cost between switch S, and
controller C, in an OpenFlow network is defined as:

Ce-s =
N ﬂ,(t)
S ©)
=22 Zpéisr p_r'dcn—sr 'BCn—Sr 1
n=l r=1 3

where Cq_g — the total communication cost between

switches and controllers;
p‘f s the average polling rate of switch S;
-r

lgt) — the request intensity from switch S; over
r

time interval t;

pgz — the specific polling rate of the switch;
dc, s, — the distance between controller C, and

switch Sy;
Bc,-s, — @ boolean variable representing the

decision of switch S, to connect to controller Cy, obtained
via a Salp Swarm Evolutionary Algorithm.

The interaction cost is determined by the total
latency..

To determine the interaction cost between
controllers, it is noted that in a multi-controller
environment, synchronization of information transfer
must be implemented. This ensures that each controller
maintains a global view of the network state in near-real-
time. The state synchronization cost primarily pertains to
the interaction overhead determined by the exchange of
state information between controllers across the three
aforementioned deployment tiers. This latency is defined
as the interaction and synchronization delay between
entities within the control plane. The synchronization
cost is calculated as follows:

N N
1
Cec=al- D, > drgl),nZ +
nl=1l n2=1

N K o KL g
+a2-3, Y dii+ad- Y > d,

n=1 k=1 k=1 (=1

(10)

where al — the average rate of state information transfer
between controllers in the core network;

a2 — the average rate of state information transfer
for edge controllers;

a3 — the average rate of state information transfer
for mobile controllers;

dglfn, the distance between controllers Cn; and

Cn2, located in the core network;
drgzlz ——the distance between core controller C, and

edge controller C;
d&ag — the distance between edge controller Cx and

mobile controller C.

4 Method for SDN Controller Placement on
Mobile Nodes in Ultra-Dense Networks

The proposed method focuses on the adaptive
placement of SDN controllers, accounting for the current
network state. It is based on the analysis of key Quality
of Service (QoS) metrics, specifically latency,
throughput, load levels, and link reliability. Furthermore,
the method incorporates node mobility, which enables a
reduction in the number of network reconfigurations and
enhances operational stability. A critical aspect involves
minimizing controller migration costs between nodes and
reducing the overhead associated with the exchange of
control information.

Particular attention is paid to the cost-related
aspects of network construction, specifically optimizing
the deployment and operational expenditures of the
proposed three-tier hierarchical SDN controller structure.
This structure allows for effective load balancing among
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controllers and minimizes latency. Cost optimization is
achieved through the rational selection of the number of
controllers at each tier, their spatial distribution, and
resource provisioning. In doing so, expenses for
computational ~ resources,  energy  consumption,
communication channels, and infrastructure maintenance
are considered.

Thus, the proposed approach ensures not only
improved efficiency and resilience of ultra-dense
networks but also the economic feasibility of their
implementation.

The total interaction cost in the network represents
the sum of the interaction costs between switches and
controllers, as well as the interaction costs between
controllers of different tiers at a given point in time. For
a specific network topology, the interaction cost between
switches and controllers decreases as the number of
controllers increases; however, this simultaneously
increases the interaction cost among the controllers
themselves.

The ultimate goal of the optimization task is to
partition the network into management clusters and
assign switches to each cluster in a manner that
minimizes the overall latency. Consequently, to achieve
this objective, the following optimization problem is
formulated:

1. Objective Function: On the set of all possible
distributions g ={©} find the minimum of the cost
function based on the proposed interaction cost
expressions (9) and (10):

C=p1-Co_c+P2-Co_g Tmin, (11)
where 32 — the weighting coefficient for the switch-to-
controller interaction cost;

Bl — the weighting coefficient for the inter-
controller interaction cost.

A normalization rule is applied to these coefficients,
such that p1+p2=1,0r p2=1-p1.

2. . Optimization Problem Constraints:

Bc,-s, €10:1}; (12)
M,
V(C;, > C —>Cy);
Ul <u®<ul®  ve,eNe: (14)
v <ul®<u@ vo ek @9)
uld <u®<ul) ve™eme, @6
where Tb(:g_”': ) and Te(:d_k_[) are the start and end times,

respectively, for the transmission of transaction ¢
between SDN controllers along the route from cﬁm) to
C, via C ;

Ty = is the maximum allowable transmission time

for transaction ¢, that ensures the required Quality of
Service (QoS) requirements;

U,(f), Ulgz) and U§3) are the utilization indices of

SDN controllers corresponding to the core, edge, and
mobile tiers, respectively;
1 2 3

Ur(ni)nv Ur(ni% Ta Ur(ni21
utilization indices of SDN controllers at the respective
tiers;

Ur(nlgx, U,(n%a)x and U,g?a)x are the maximum
allowable utilization indices of SDN controllers at the
respective tiers.

Constraint (13) specifies that the average response
time of the core, edge, and mobile controllers must not
exceed a predefined threshold value established for the
corresponding transaction. This condition applies to all
controllers within the sets of available core network
controllers, edge controllers, and mobile SDN

controllers. The value of Ty is determined to ensure

adherence to specific Quality of Service (QoS)
requirements. Constraints (14) — (16) pertain to the
utilization index of each controller in the network, which
must remain within the lower and upper utilization
bounds.

These utilization limits are defined to maintain the
system's overall QoS. The utilization index of each
controller serves as a metric correlated with energy
consumption, storage capacity, and data processing
overhead. Furthermore, distinct utilization bounds were
considered for controllers at different tiers, reflecting the
varying operational capabilities inherent to each
architectural level.

— are the minimum allowable

4. Performance Evaluation of the SDN
Controller Placement Method
in Ultra-Dense Networks

To evaluate the performance of the developed SDN
controller placement method for mobile nodes in ultra-
dense networks, a simulation study was conducted. The
NS-3 network simulator integrated with the Cloudsim
framework was utilized as the simulation environment.

The evaluation accounted for the workloads of four
heterogeneous application types:

Category | (APPs(I)): Applications comprising
simple task workloads, such as basic web page
processing.

Category Il (APPs(I1)): Image-based applications
involving low-complexity image processing tasks.

Category 111 (APPs(111)): Basic video applications
involving moderate workloads typical of simple video
processing.

Category 1V (APPs(1V)): Applications requiring
the processing of complex data, such as 360-degree
imagery and high-definition video..

As the classification progresses from Category | to
Category 1V, the tasks demand increasingly substantial
resources, thereby reducing the probability of successful
local execution. Consequently, higher-category tasks
require significantly more energy and computational
power than lower-category tasks.

To demonstrate the efficiency of the developed
method, five system architectures were compared:
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System 1: A traditional multi-controller SDN
employing multiple controllers in the core network
without additional management schemes;

System I1: A fog-computing-based SDN featuring
a centralized topology with distributed edge SDN
controllers integrated into fog nodes.

System I11: An MEC-SDN-based network with a
centralized topology where distributed edge SDN
controllers are integrated into Multi-access Edge
Computing (MEC) nodes.

System IV: A hybrid Fog-MEC SDN architecture
utilizing distributed edge SDN controllers integrated into
both fog and MEC nodes.

System V: A Mobile SDN (MSDN) network
featuring mobile SDN controllers deployed on mobile
nodes (e.g., public transit buses) supported by Fog-MEC
computing units. This represents the proposed MSDN
architecture.

These systems were evaluated to highlight the
effectiveness of each SDN deployment method relative

to the proposed approach. The primary performance
metrics included energy consumption, latency, and
availability..

Figure 3 illustrates the results for the average
processing latency of computational tasks for the three
MEC-oriented SDN configurations (Systems I11 through
V). The simulation specifically considered tasks of low
complexity, approximately corresponding to Category Il
applications.

In each scenario, a varying number of
computational tasks were assigned to the mobile SDN
end-nodes.

The average processing latency was analyzed as a
function of the average task count. As the number of
assigned tasks increased, the average latency rose across
all three system types, primarily due to the overhead
associated with managing a larger task volume.
However, the proposed method outperformed all other
configurations, achieving higher efficiency, which was
particularly evident at higher task densities.

e
o N A

Average delay, sec

oON B O

10 20 30 40

50 60 70 80 90

Number of tasks per device

®m|ll-MEC ®|V-Fog-MEC ®YV -MSDN+Fog-MEC

100

Fig. 3. Average latency as a function of the number
of available low-complexity tasks

Figure 4 presents the relationship between average
processing latency and task complexity. The average
latency was calculated across the four previously defined

application categories. During this simulation, an average
of 30 computational tasks were assigned to the mobile
SDN end-nodes.
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e T
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g

Average delay, sec

o w o o
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Application complexity category
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Fig. 4. Average latency across different application
complexity categories

285



Control, Navigation and Communication Systems. 2026. No. 2

ISSN 2073-7394

The simulation results indicate that the deployment
of mobile SDN controllers significantly reduces the
average time required to process computational tasks
across various applications, with the most pronounced
improvements observed for complex tasks with high
workloads.

Conclusions

This paper presents a method for deploying SDN
controllers on mobile nodes within ultra-dense networks,
representing a vital advancement in enhancing
management efficiency for modern telecommunication
systems. As part of the proposed methodology, a
specialized MEC platform architecture was designed for
SDN controller placement in 5G/6G ultra-dense
environments, and a three-tier mobile multi-controller
SDN model for ultra-dense sensor networks was
developed.

The implementation of the proposed method
demonstrates a significant performance advantage,

reducing transaction transmission latency by 60%
compared to traditional SDN-based edge computing
models.

Furthermore, it achieves a reduction in energy
consumption of up to 30%.

Future research will focus on developing an
advanced load-balancing method among the controllers
within the three-tier SDN architecture to further optimize
resource distribution.

Conflict of interest

The authors declare that they have no conflict of
interest regarding this study, including financial,
personal, authorship, or other, that could affect the study
and its results presented in this article.

Using artificial intelligence tools

The authors confirm that they did not use artificial
intelligence technologies when creating the submitted
work.

10.

11.

12.

13.

14.

15.

16.

CIMCOK JIITEPATYPUA

Narwaria, A. and Mazumdar, A. P. (2023), “Software-Defined Wireless Sensor Network: A Comprehensive Survey”, Journal
of Network and Computer Applications, vol. 215, doi: https://doi.org/10.1016/j.jnca.2023.103636

Kuchuk, H., Chumachenko, I., Marchenko, N., Kuchuk, N. and Lysytsia, D. (2025), “Method for calculating the number of
IOT sensors in environmental monitoring systems”, Advanced Information Systems, vol. 9, no. 3, pp. 66-72, doi:
https://doi.org/10.20998/2522-9052.2025.3.08

Khan, M.A., Rehmani, M.H. and Rachedi, A. (2022), “SDN-based gateway architecture for electromagnetic nano-networks”,
Computer Communications, vol. 184, pp. 160-173, doi: https://doi.org/10.1016/j.comcom.2021.12.017

Kuchuk, H., Kalinin, Y., Dotsenko, N., Chumachenko, I. and Pakhomov, Y. (2024), “Decomposition of integrated high-density
10T data flow”, Advanced Information Systems, vol. 8, no. 3, pp. 77-84, doi: https://doi.org/10.20998/2522-9052.2024.3.09

Kuchuk, H., Husieva, Y., Novoselov, S., Lysytsia, D., Krykhovetskyi, H. (2025), “Load Balancing of the layers lot Fog-Cloud
support network”, Advanced Information Systems, vol. 9, no. 1, pp. 91-98, doi: https://doi.org/10.20998/2522-9052.2025.1.11
Cui, X., Gao, X., Ma, Y. and Wang, W. (2020), “A controller deployment scheme in 5G-lIoT network based on SDN”,
EURASIP  Journal on Wireless Communications and Networking, article number 248 (2020), doi:
https://doi.org/10.1186/s13638-020-01853-8

Kuchuk, H., Mozhaiev, O., Tiulieniev, S., Mozhaiev, M., Kuchuk, N., Lubentsov, A., Onishchenko, Yu., Gnusov, Yu., Brendel,
0. and Roh, V. (2025), “Devising a method for energy-efficient control over a data transmission process across the mobile
high-density Internet of Things”, Eastern European Journal of Enterprise Technologies, vol. 4(4(136)), pp. 46-57, doi:
https://doi.org/10.15587/1729-4061.2025.336111

Panchenko, V., Kuchuk, H., Noskov, V., Leonov, S., Lipchanska, O. (2026), “Method of test pool synthesis for an intelligent
high-density loT edge-layer gateway”, Advanced Information Systems, vol. 10, no. 1, pp. 50-57, doi:
https://doi.org/10.20998/2522-9052.2026.1.06

Kreutz, D., Ramos, F.M.V., Verissimo, P.E., Rothenberg, C.E., Azodolmolky, S. and Uhlig, S. (2015), “Software-Defined
Networking: A Comprehensive Survey”, Proceedings of the IEEE, vol. 103, is. 1, January 2015, pp. 14-76, doi:
https://doi.org/10.1109/JPROC.2014.2371999

Hu, F., Hao, Q., and Bao., K. (2014), “A Survey of Software-Defined Network and OpenFlow: From Concept to
Implementation: From Concept to Implementation”, IEEE Communications Surveys & Tutorials, pp. 2181-2206, doi:
https://doi.org/10.1109/COMST.2014.2326417

Ndiaye, M., Hancke, G. P., and Abu-Mahfouz, A. M. (2017), “Software Defined Networking for Improved Wireless Sensor
Network Management: A Survey”, Sensors, vol. 17(5), doi: https://doi.org/10.3390/s17051031

Puente Fernandez, J. A., Garcia Villalba, L. J., and Kim, T.-H. (2018), “Software Defined Networks in Wireless Sensor
Architectures”, Entropy, vol. 20(4), doi: https://doi.org/10.3390/e20040225

Miguel, M. L. F., Jamhour, E., Pellenz, M. E., and Penna, M. C. (2018), “SDN Architecture for 6LOWPAN Wireless Sensor
Networks”, Sensors, vol. 18(11), doi: https://doi.org/10.3390/s18113738

Liao, Y., Wang, J. and Liu, J., 2020, A controller deployment scheme in 5G-loT network based on SDN, EURASIP Journal
on Wireless Communications and Networking, DOI: https://doi.org/10.1186/s13638-020-01853-8

Khan, M.A., Rehmani, M.H. and Rachedi, A., 2022, SDN-based gateway architecture for electromagnetic nano-networks,
Computer Communications, DOI: https://doi.org/10.1016/j.comcom.2021.12.017

Al-Turjman, F., 2019, Intelligence and security in big 5G-oriented loNT: An overview, Future Generation Computer Systems,
DOI: https://doi.org/10.1016/j.future.2018.08.028

286


https://doi.org/10.1016/j.jnca.2023.103636
https://www.scopus.com/sourceid/21101186339?origin=resultslist
https://doi.org/10.20998/2522-9052.2025.3.08
https://doi.org/10.1016/j.comcom.2021.12.017
https://www.scopus.com/authid/detail.uri?authorId=57057781300
https://www.scopus.com/authid/detail.uri?authorId=57204677409
https://www.scopus.com/authid/detail.uri?authorId=57204939770
https://www.scopus.com/authid/detail.uri?authorId=57194419994
https://www.scopus.com/authid/detail.uri?authorId=57190816915
https://www.scopus.com/record/display.uri?eid=2-s2.0-85208634521&origin=recordpage
https://www.scopus.com/record/display.uri?eid=2-s2.0-85208634521&origin=recordpage
https://www.scopus.com/sourceid/21101186339?origin=resultslist
https://doi.org/10.20998/2522-9052.2024.3.09
https://www.scopus.com/authid/detail.uri?authorId=57057781300
https://www.scopus.com/authid/detail.uri?authorId=57194413028
https://www.scopus.com/authid/detail.uri?authorId=57201604404
https://www.scopus.com/authid/detail.uri?authorId=57220049627
https://www.scopus.com/authid/detail.uri?authorId=58697828100
https://www.scopus.com/record/display.uri?eid=2-s2.0-85219225097&origin=recordpage
https://www.scopus.com/record/display.uri?eid=2-s2.0-85219225097&origin=recordpage
https://www.scopus.com/sourceid/21101186339?origin=resultslist
https://doi.org/10.20998/2522-9052.2025.1.11
https://doi.org/10.1186/s13638-020-01853-8
https://www.scopus.com/pages/publications/105015573766?origin=resultslist
https://www.scopus.com/pages/publications/105015573766?origin=resultslist
https://www.scopus.com/authid/detail.uri?authorId=57057781300
https://doi.org/10.15587/1729-4061.2025.336111
https://www.scopus.com/sourceid/21101186339?origin=resultslist
https://doi.org/10.20998/2522-9052.2026.1.06
https://doi.org/10.1109/JPROC.2014.2371999
https://doi.org/10.1109/COMST.2014.2326417
https://doi.org/10.3390/s17051031
https://doi.org/10.3390/e20040225
https://doi.org/10.3390/s18113738
https://doi.org/10.1186/s13638-020-01853-8
https://doi.org/10.1016/j.comcom.2021.12.017

ISSN 2073-7394 Cucremu yrnpaBiiHHsi, HaBiramii Ta 38's13ky. 2026. Ne 2

17. Kuchuk, N., Kashkevich, S., Radchenko, V., Andrusenko, Y. and Kuchuk, H. (2024), “Applying edge computing in the
execution loT operative transactions”, Advanced Information Systems, vol. 8, no. 4, pp. 49-59, doi:
https://doi.org/10.20998/2522-9052.2024.4.07

18. Kuchuk, H. and Malokhvii, E. (2024), “Integration of IoT with Cloud, Fog, and Edge Computing: A Review”, Advanced
Information Systems, vol. 8(2), pp. 65-78, doi: https://doi.org/10.20998/2522-9052.2024.2.08

19. Miguel, M. L. F., Jamhour, E., Pellenz, M. E., and Penna, M. C. (2018), “SDN Architecture for 6LoWPAN Wireless Sensor
Networks”, Sensors, vol. 18(11), DOI: https://doi.org/10.3390/518113738

Received (Hanitinmna) 12.01.2026
Accepted for publication (ITpuiinsita 10 apyky) 15.04.2026
Publication date ([ata my6mikauii) 22.05.2026

B1JIOMOCTI ITPO ABTOPIB/ ABOUT THE AUTHORS

Hledep Osexcanap BiramdifioBmu — moxrop TexHIYHMX Hayk, mpodecop, 3aBimyBad Kadeapn aBTOMATHKH, €IEKTPOHIKH Ta
TenekoMmyHikauiit, Hamionansuuit yaiBepcutet «IlontaBcrka mositexnika imeni FOpis Konapartiokay, [lonrasa, Ykpaina;
Oleksandr Shefer — Doctor of Technical Sciences, Professor, Head of the Department of Automation, Electronics and
Telecommunications, National University “Yuri Kondratyuk Poltava Polytechnic”, Poltava, Ukraine;
e-mail: itm.ovshefer@nupp.edu.ua; ORCID Author ID: https://orcid.org/0000-0002-3415-349X;

Scopus Author ID: https://www.scopus.com/authid/detail.uri?authorld=57210203269.

Muranps CraniciaB BikropoBuu — acmipanT kadeapu aBTOMATHKH, ENEKTPOHIKM Ta TeJeKoMyHikaumiid, HarionampHuit
yHiBepcureT «IlonTaBcpka momitexHika imeHi Opis Kornpatrokay, [Tonrasa, Ykpaina;
Stanislav Myhal — PhD student of the Department of Automation, Electronics and Telecommunications, National University
“Yuri Kondratyuk Poltava Polytechnic”, Poltava, Ukraine;
e-mail: stas.migal1998@gmail.com; ORCID Author ID: https://orcid.org/0009-0007-4675-7358.

Po3podka Meroay nodyaoBu apxirektypu ModiibHoi SDN
JJ151 HATIIUIBHAX CEHCOPHUX Mepex

O. B. Uledep, C. B. Murans

AHoTanisi. AxryaasHicTe. Mertox posmimenHs SDN-koHTponepiB Ha MOOUIBHHMX By3JlaX HAJUIIBHUX MeEpex €
B)XJINBOIO CKJIAJIOBOIO IiJBUINEHHS €(EKTUBHOCTI YNPABIiHHA CYYaCHHMH TEJICKOMYHIKAI[IHHUMHU CHCTEMaMH. Y KOHTEKCTi
CTPIMKOTO 3pOCTaHHS KIJIBKOCTI MiAKIIOUEHHX MPHUCTPOiB i 00cATiB Tpadiky TpagumiiHI MIXOOU 1O IEHTPAli30BaHOTO
YIPaBITiHHSA MEpeXaMH BUSBISIIOTHCS HEJOCTaTHBO THYYKMMH Ta MacmTaboBaHHMH. IIpeaMeToM IOCHIIKEHHS € METOIN
no0yoBuU apXiTekTypu MoOipHOT SDN 1 HaIITBHUX CEHCOPHUX Mepek. MeTOoI0 JOCHTiIKEHHS € PO3po0Ka METOI OOYA0BH
apXIiTeKTypH TMPOTPaMHO-BU3HAYCHO! HAANIUIBHOT CEHCOPHOI Mepexi, y skii neski SDN-koHTponepu BCTaHOBIIOIOTHCS Ha
MOOUTBHUX By3JlaX TpaHUYHOTO mapy. OTpuMani HacTynHi pe3yabTaTH. 3ampornoHoBaHa apxitekTypa miargopmu MEC ms
MeToay posMinieHHsT SDN-KOHTposiepiB Ha MOOITBHUX By3JaxX HaamUIbHHX Mepexk 5G/6G. Po3pobrieHa TpupiBHEBa MOJENb
MOOITBHOT MYJIBTHKOHTpOsepHOT SDN mjist HammineHOI CeHCOpHOT Mepexi. Takox po3pobieHuit Meron posMirieHHs SDN
KOHTpOJIEpiB Ha MOOUTBHMX BY3JIaxX HAJUIUIBHUX Mepek. BHCHOBOK. BHKOpHCTaHHS 3alpoINOHOBAaHOTO METOMAY JIO3BOJISIE
3MEHIINTH 3aTPUMKY Iepenadi TpaH3akiii Ha 60% npoTu TpaJuIiifHIX MoJieNell TpaHMYHUX O0YHCIIeHb 3 ypaxyBaHHAM SDN, i
HAaBiTh 3HU3UTH CIOXKUBAHY €Hepriio Ha 72%.

KnaouoBi croBa: TenekoMyHikaniiiHa Mepexa, FpaHUYHHH 111a/103BOJISIEP, MOOIIBHUI MPUCTPIil, KOHTPOJIEP, HAALIITbHA
ceHcopHa Mepexa, OpenFlow-komyrarop, cranaapt 5G, mepeska SDN.
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