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Abstract

Selecting and deploying an appropriate wireless sensor network (VWSN) is an inrportant challenge in loT system
design. Bvaluating different VWSN configurations through physical deploynent canbe costly and time-consuming.
This study proposes a simulation-driven framework thet integrates a simulated VSN with an MQT T-based loT
communication infrastructure to enable network-aware performance evaluation prior to physical deployment. An
SDNAWISE-based WSN wes inplenented using the Cooja siulator, and the generated sensor traffic wes
forwarded to a Mosquitto-based MQTT cluster via a socket-based integration mechanism Unlike conventional

thet use Independent traffic generators, the MQTT workioad in the proposed framework originates
directly fromtre sinulated WSN. Experinents with 24-, 36-, and 48-node scenaros showed thet average end-to-
end delay increased from37.51 ns to 138.01 s, while total application throughput increased from 142.51 bps to
281.12 bys. Packet delivery remeined effectively near 100%6across all scenarios. The proposed approach provides
a controlled, repeatable environment for evaluating various VSN configurations and can reduce the need for

nultiple physical deployents inthe early stages of loT systemdesign.
Keywords: Intermet of Things, wireless sensor networks, Cooja, MOQTT, network sinulation, 10T systemdesign.
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AHpaTra
10T >kyVieciH »00a/iay/ia TUICTI CbIVCbB CeHCObK MeriHI (VWEN) TaHgy »eHe OHb! 0pHAECTb Dy MaHbBIb!
VecenenepqiH, 6ipi 60N Tabbraabt Spryi WEN KoHIMNypaLsiiapbH (V/B/KENbK TYRE OpHANacTb iy
aPKpIb| CaFargy KBN YakpIl MeH LLbFbHbI KET €Tyl MyMKIH. Oobl 380TTeYE (VBB OPHIECTBYFA
[EAIH enire OeviiMaered eHIMAINIKTI Gararayra MyMKIHIIK OEpETiH, MOIENRIEY HErisiHIEr KypbibM
VebHbIBdbl ¥ChbHblFaH KypbrbM MogenkaeHreH VWSN-al MOTT HerisiHgeri loT  KovvwHAGLYSTBK
VHIaKYPbbMLIVeH GipiKTipeal. SDNAMSE HerisiHaeri WSN Cooja avviyrsiTopbl 80K bI CKE a0bpbrb i,
Kb IMTECTb Pb Y FaH CEHOOW b K TRECVIK COKET aokbr b1 BIDIKTIPY MexaHyBM keveriveH Mosquitto HerisiHager
MOTT KecTepite »dbepiy. Toyencis TpafiK reHeparopiapbH MaiyBHATbH JRCTYI- ToCi/aepeH
abPVELLLIBFbL ChHbIFaH KypbrbMipibl MOTT DkykTenvech Tikene vofenbieHreH WWSN apkbrbl
KIBIMCTbPbrabl 24, 36 eHe 48 TyWiHHeH TypaTbH CLEHAVIANERE HKyprisisreH SKCTEPVIVEHTTED
HOTVDKECIHIE OPTALLE COHFbI HYKTENEP apacbHipFbl Kifipic 37,51 Mc-TeH 13801 Mo-ke fgiiH aomeHb) an
K pHGE b K JEHrelrer xambl eTKi3y kpbirem 142,51 our/e-TeH 281,12 uTIC-Ke [eViiH 6CKeHi aHb KT bl
BAbK CLEHAD/ATEN/IE MBKET e HETKI3y AeHreli 100%/6Fa)kybK cakTaribl ¥CbHbFFaH TeciapTyi WSN
KOHJNypaLyssiepbH Carariay YLLIH GaCkgpbIETb H HeHe KlATariBHETb H OpTaHb | KAMTAVECH B €TEL oeHe 10T
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. AHHOTALWS . y
BbI60p 1 pesBepTh BaH/E NOIXOLALLEYH GeCrpOBOHOIA CeHOoPHOI ceTh (VWSN) SBIFETCA BDKHOI 330a4EN Mout
mpoekTvpoBaHA/  loT-oucTem. OLeHKA. pea/vMHbX  KoHJUINypaLyii WWSN - 1oCpeacTBoM  (/BIHECKONO
[E3BE0TH BaH/S MOXET TE00BaTH 3HAUATE/TbHB X 3aTAT BPEMEHM 11 PecypcoB. B iaHHOM paloTe: mpesyiaraeTcst
CTPYKTy[8, 0CHOBaHHaS! HA MOLE/WPOBaH, KOTOpast VHTENVPYET Moae ipyenmyto VWSN ¢ KOVIMYHKBLVIOHHO

Mkdpacwcrypwl loT Ha6aze MQT T /19 OLIEHKV MPOVBBOMTESIBHOCTU CYICTEM I C YHETOM Xa0aKTEVCTUK CETU
[0 dqweeeckoro peseeptbBaHv. WSN Ha ocHoBe SDN\WISE Obima pearviBoBaHa € MCTONb30BaHV/EM

anvyrTopa Cooja, a reHepripyeVb A CeHoopHL I TpadVK nepetpsancs B MQT T-KecTep Ha 6ase Mbosquitto
MOCPELCTBOM MEXaHVBVA VHTErPaLWM Yepe3 COKETHOE COSIMHEHVE. B amve OT TpamLOHHLX MOaXOL0B,
VCTO/B3YHOLLYIX HESABVIOVIVB E FeHEPETOpb ITpadyike, MQT T-Harpyska B Mpezyiaraévoii CTRYKTY e (opMVDYETCS
HENOCPeACTBEHHO Moaermpyenoid VWSN. SKCMEMVEHTBLI CO' CLEHapAIVMA, cotepialLyvi 24, 36 11 48 yarios,
MOKaGA W, YTO CPREIHSIA CKBOBHaA 380EKKa YBE/ MHECh € 37,51 Mc 1o 138,01 M, TOora Ka 00LLpST MporyCKHas
CIMOCOOHOCTL HA YPOBHE MPWICHEHIA YBerecs ¢ 14251 Gur/c fo 281,12 6ur/c. Bo Boex CLpHapvsix

KOSqUMLWEHT  JOCTaBKM MAKETOB  COXPBHSVIC MPaKTVMECKA Ha ypoHe 100%6 [Mpemaraevibin Moaxon,
00ECMEUVBAET KOHTPO/IYEMYHO 11 BOCTIPOVBBOAMMYHO Cpedy /151 OLIEHK pea/HHb X KoHquirypauii VWSN m
MOSBO/IFET  COKPATUTL  HEOOXOMIMOCTb  MHOMOKDATHOMO  (VBVHECKOIO  [EBBEPTLBAH/A HAL PaHHX  3Tariax

MPoEKTVipoBaH/A loT-o/eTeM

KrtoueBbE €10Ba: I/HTEPHET BelLEl, 6eCcripoBoaHbE CeHoopHBbE ey, Cooja, MQTT, MO poBaHVE CETENA,
MpoeKTRoBaHVE loT-cvcTem

Introduction

The Internet of Things (loT) enables distributed devices and sensors to collect and
exchange data for diverse application domains such as environmental monitoring, smart
agriculture, industrial automation, smart cities, healthcare, and intelligent infrastructure. loT
systems include communication networks to transfer sensor data from distributed devices to
cloud infrastructure. Various wireless technologies and network architectures can be employed
in the vertical domain of 10T systems, including ZigBee, Bluetooth Low Energy (BLE), Wi-Fi,
SDN-based WSNs, and NB-10T. These technologies differ in terms of communication range,
data rate, latency, reliability, energy consumption, and network capacity. Therefore, selecting
an appropriate WSN technology and configuration is an important design decision for a target
0T system. However, designing, deploying, and testing physical WSNs can be expensive, time-
consuming, and difficult, especially when different technologies, protocols, topologies, and
configurations need to be compared.

Simulation provides an effective alternative for evaluating WSN designs before physical
deployment. A WSN simulator allows researchers to design various network configurations and
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investigate their behavior under controlled, repeatable conditions. Network parameters can be
changed without replacing physical devices or modifying a deployed testbed. This makes
simulation useful for exploring alternative network designs and identifying potentially suitable
configurations before investing in physical infrastructure.

Several studies have investigated simulation-based approaches for evaluating WSN and
loT performance. Simulation is particularly useful for 10T networks because physical testbeds
can introduce limitations related to scalability, hardware compatibility, deployment space, and
cost [1, 2]. Various simulation environments have therefore been developed and used to
evaluate lIoT and WSN communication under different network configurations and conditions
[2, 3, 4]. Among these environments, Contiki-NG provides an open-source operating system
for resource-constrained 10T devices and supports the rapid prototyping and evaluation of loT
systems, while Cooja enables the simulation of networks composed of such devices [3].
Previous studies using Contiki-NG and Cooja have evaluated different network topologies and
communication scenarios using performance measures such as throughput, packet delivery
ratio, end-to-end delay, energy consumption, and communication overhead [5, 6].

Software-defined networking has also been investigated as an approach for improving the
flexibility and programmability of WSNs. SDN-WISE provides a software-defined architecture
for WSNs and enables programmable control of network behavior and communication
functions [7, 8]. The SD-WISE architecture further extends this approach by introducing
software abstractions for sensor-node resources and supporting flexible network management
and control [9]. More recent work has evaluated SDN-WISE under different network
conditions, including static and mobile WSN scenarios, demonstrating the influence of network
configuration and node mobility on performance [10]. These studies show that software-defined
WSNs provide a flexible basis for investigating alternative network configurations and
communication behaviors.

At the loT communication layer, MQTT is widely used because of its lightweight
publish/subscribe communication model and suitability for resource-constrained devices [11,
12] . Comparative studies have evaluated MQTT together with other messaging protocols,
including CoAP, AMQP, and HTTP, while other studies have examined its performance under
different network conditions, security configurations, workloads, and resource constraints [12,
13] .Recent studies have also compared MQTT with alternative communication approaches and
investigated the effects of network size, transmission conditions, and traffic characteristics on
communication performance [14, 15]. These results indicate that both the underlying WSN
configuration and the loT communication layer can influence the performance observed by an
loT application.

Although existing research has extensively investigated WSN simulation, software-
defined WSNs, and MQTT-based loT communication, these components are commonly
evaluated independently. In particular, application traffic is often generated separately from the
simulated WSN rather than being produced by the WSN itself. This study addresses this
limitation by integrating the WSN simulation with an MQT T-based 10T pipeline. The main idea
is that the loT workload is generated directly by the simulated WSN rather than by a
conventional traffic generator. Sensor nodes operating in the simulation produce sensor data
and network traffic, which are transferred to the MQTT-based loT system for further
processing. Thus, the simulated WSN serves as an active and controllable workload source for
the 10T platform, providing a basis for evaluating how changes in WSN configuration affect
the traffic delivered to the 10T infrastructure.



M. Kosbl6aeB aTblHfaFbl CKY Xabapuwbicbl /
BecTHMK CKY mnmeHn M. KosblbaeBa. Ne 3 (71). 2026 299

To test the proposed framework and evaluate system performance, we implemented an
SDN-WISE-based WSN using the Cooja simulator. The simulated WSN generates sensor
traffic, which is integrated with the MQTT-based 10T pipeline for further processing and
performance evaluation. The proposed approach provides a controlled and cost-effective
environment for examining how WSN behavior and network conditions affect the overall
performance of an IoT system.

The main contribution of this study is the development of a simulation-driven framework
that integrates a simulated WSN with an MQTT-based 10T data pipeline, where sensor traffic
processed by the I0T system is generated directly by the simulated WSN rather than by an
independent artificial traffic generator. This integration provides a controlled and repeatable
environment for evaluating different WSN configurations and, where suitable simulation
models are available, comparing alternative communication technologies before physical
deployment. The proposed approach can therefore support network-aware 10T system design
and help identify suitable WSN configurations, while reducing the cost and effort of developing
and testing multiple physical WSN deployments.

The remainder of this paper is organized as follows. Section 2 presents the proposed
system architecture and describes the integration between the WSN simulation environment
and the MQTT-based IoT pipeline. Section 3 introduces the experimental assumptions and
setup and presents the performance evaluation and discussion of the results. Finally, the paper
concludes with the last section, which provides final remarks and potential directions for future
work.

The Proposed System Architecture

The proposed architecture presents a simulation-driven approach for integrating a
wireless sensor network (WSN) with an IoT communication infrastructure. As illustrated in
Figure 1, the architecture follows the general structure of a traditional 10T system, comprising
a vertical domain and a horizontal domain. The vertical domain represents the sensing and
communication infrastructure, whereas the horizontal domain represents the higher-level 10T
services that process and use sensor data.

In the present study, the experimental implementation focuses on integrating an SDN-
WISE-based WSN simulated in Cooja with an MQTT cluster. The cloud-side data pipeline and
services, such as data storage, real-time monitoring, and data analytics, are included in the
overall architectural view to demonstrate how the proposed framework can be integrated into a
complete 10T system. However, these components are not implemented as part of the current
experimental study.

System Overview

Figure 1 illustrates the big-picture architecture of the proposed system. In a traditional
loT architecture, the vertical domain represents the path by which data is collected from the
physical environment and transferred via the communication infrastructure to higher-level
services. This domain typically includes sensing devices, wireless communication networks,
and gateway or border components.

In the proposed architecture, the WSN in the vertical domain is implemented as an SDN-
WISE-based network executed in the Cooja simulator. The simulated sensor nodes generate
sensor traffic according to the defined network topology and communication behavior. This
simulated traffic is then transferred from the WSN environment to an external MQTT cluster.

The integration of the simulated WSN with MQTT is the primary component
implemented in the proposed framework. Rather than generating MQTT traffic independently
using a conventional traffic generator, the MQTT messages originate from the simulated WSN.
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Therefore, the simulated network acts as the source of the traffic delivered to the loT
communication infrastructure. This allows the characteristics of the simulated WSN, including
its topology, node behavior, communication patterns, and network conditions, to influence the
generated workload.

The horizontal domain represents the broader cloud-side loT architecture. As shown in
Figure 1, this domain may include a data pipeline and services for data storage, real-time
monitoring, stream processing, data analytics, visualization, and other application-specific
operations. These components illustrate the potential integration of the proposed framework
into a complete 10T system. They are not implemented or evaluated in the present study.

The architectural separation between the vertical and horizontal domains is useful
because the proposed WSN-MQTT integration can serve as an interface between network
simulation and higher-level 10T services. Once the simulated WSN traffic is available via the
MQTT infrastructure, various downstream components can subscribe to and process the same
data stream. This enables the framework to be extended in future work to evaluate end-to-end
10T services, including storage, real-time processing, and data analytics.

Figure 1 Overall architecture of the proposed simulation-driven 10T framework,
with the WSN simulation and MQTT cluster representing the implemented components

Wireless Sensor Network Simulation Model
The experimental WSN topology used in this study is illustrated in Figure 2. The network
is implemented as a grid-based topology in the Cooja simulator and consists of SDN-WISE
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nodes, including one controller. The simulated nodes are developed using the Contiki-NG [3]
operating system and the SDN-WISE framework [8]. Contiki-NG is an open-source operating
system designed for low-power and memory-constrained networked devices used in wireless
loT applications. It provides a lightweight environment for developing embedded network
applications and is widely used in WSN and 10T research. SDN-WISE provides the software-
defined architecture for the experimental WSN and offers a programmable and modular
structure for managing network behavior. This allows the communication and forwarding
behavior of the network to be configured and modified for different experimental scenarios.

The Cooja simulator is used to execute the Contiki-NG-based SDN-WISE nodes. Cooja
provides a simulation and emulation environment for wireless sensor networks and supports
the execution of Contiki-NG applications in a simulated network. This enables investigation of
the behavior of the experimental WSN without requiring physical deployment of sensor nodes.

Together with its core SDN control functions, the controller node also acts as a bridge
between the simulated WSN and the external MQTT cluster. A C-based socket connection is
used to transfer data from the WSN to a Python-based integration script. The script receives the
data through the socket and converts it into MQTT messages using an MQTT client. These
messages are then published to the Mosquitto-based MQTT cluster, making the WSN-
generated data available to external and cloud-based services. This WSN-MQTT integration
constitutes the experimental implementation evaluated in this study and provides a controlled
and repeatable basis for examining how different simulated network conditions affect the traffic
delivered to the 10T infrastructure.

Figure 2. Grid-Based WSN Topology implemented in the Cooja simulator



M. Kosbl6aeB aTblHfaFbl CKY XabapLibicbl /
302 BecTHMK CKY mmeHn M. KosblbaeBa. Ne 3 (71). 2026

Experimental Results and Discussions

This section presents the experimental assumptions and setup used to evaluate the
proposed simulation-driven framework, followed by the obtained results and their discussion.

Experimental Assumptions and Setup

The simulations were conducted using the Cooja simulator. The main experimental
parameters are summarized in Table 1 All of these parameters were kept constant in all
simulation scenarios. The interarrival time was set to 8 s, meaning that each sensing node
generated a sensor message at eight-seconds intervals. The message size was fixed at 6 bytes
to ensure that the payload size remained consistent across all experiments. The TX/RX success
ratio was set to 100% to establish an idealized and controlled channel condition, thereby
isolating the effect of network size and WSN configuration without introducing packet losses
caused by unreliable wireless links.

These fixed parameters enabled the evaluation of the effect of the number of sensing
nodes on the generated network and MQTT traffic under comparable conditions.

Table 1 Simulation Parameters

Parameter Value/Model
Radio Medium Unit Disk Graph Medium
Radio CC2650
MAC driver ContikiMAC
TX/RX success ratio 100%
Transmission range 50 m
Interference range 100 m
Distance between adjacent nodes 20m
Interarrival Time 8s
Message size 6 Bytes

The simulations were performed using three different network sizes: 24, 36, and 48
sensing nodes. These scenarios were used to examine the behavior of the proposed WSN-
MQTT integration as the number of traffic-generating nodes increased. The remaining
experimental conditions were kept unchanged across the scenarios.

Figure 3 shows the experimental environment for the 24-node scenario. The right side of
the figure shows the Cooja simulation environment, which contains 24 sensing nodes and one
SDN controller node, labeled Node 1 in green. The sensing nodes generate SDN-WISE data
packets, while the controller performs SDN control functions and serves as the communication
bridge between the simulated WSN and the external MQTT infrastructure.

The controller node establishes a client socket connection with a server socket created by
the Python-based gateway script, mitm.py, shown in the lower-left part of Figure 3. Through
this socket connection, UART data generated by the controller node is transferred from the
Cooja simulation environment to the gateway script. The related Python script receives SDN-
WISE packets, extracts the sender information and the message payload, and converts the data
into MQTT messages. The messages are then published to the test/topic topic in the Mosquitto-
based MQTT cluster.

The upper-left part of Figure 3 shows a mosquitto_sub client subscribed to the test/topic
MQTT topic. This subscription was used to verify that messages generated by the simulated
sensing nodes were successfully transferred through the controller and gateway script and
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published to the MQTT infrastructure. Therefore, the experimental setup provides an end-to-
end path from the simulated WSN to the external MQTT cluster:

My simulation - Cooja: The Contiki Network Simulator

TWALAPTOP-ABD:  nosquitto. 1 localhost -t test/topic
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Figure 3. Experimental setup of the Cooja-based WSN and MQTT integration
for the 24-sensing-node scenario

Performance Evaluation and Discussions

In this subsection, the simulation results for the defined network scenarios are presented
and analyzed. The performance of the proposed WSN-MQTT integration is evaluated under
different network sizes, followed by a comparison and discussion of the obtained results.

Figure 4 presents the average end-to-end delay measured for each sensing node in the 24-
node network scenario. The results show that the delay varies among nodes, ranging
approximately from 26.79 ms to 77.99 ms. Most nodes have an average delay of 27-40 ms,
while a small number experience higher delays. These differences are primarily due to
variations in communication paths and network conditions within the simulated WSN. The
results demonstrate that the proposed framework can capture node-level differences in end-to-
end communication performance, rather than only providing an overall network average.

Figure 5 presents the average end-to-end delay for the three network scenarios. The
results show that the average delay increased with the number of sensing nodes. The average
delay was 37.51 ms, 100.30 ms, and 138.01 ms for the 24-, 36-, and 48-node scenarios,
respectively. This increase is associated with the higher volume of network traffic and
communication load generated as more sensing nodes are added to the simulated WSN. The
results demonstrate that changes in the WSN configuration are reflected in the end-to-end
performance of the proposed WSN-MQTT integration.

Figure 6 illustrates the Total Application Throughput (bps) obtained under the three
network configurations. An upward trend in throughput can be observed as the number of
sensing nodes increases. The measured throughput values are 142.51 bps, 212.78 bps, and
281.12 bps for the 24-, 36-, and 48-node scenarios, respectively. This behavior indicates that
the proposed WSN-MQTT integration is able to process and deliver a greater amount of
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application-level data as the network scale expands. The observed throughput variation
therefore reflects the effect of network size on the data delivery capacity of the overall system.

The Packet Delivery Ratio (PDR) results for the three network scenarios indicate a highly
reliable data delivery performance of the proposed WSN-MQTT integration. The PDR was
100.00000% for the 24-node scenario, while it remained at 99.99996% and 99.99988% for the
36- and 48-node scenarios, respectively. Although a slight decrease in PDR can be observed as
the number of sensing nodes increases, the change is negligible and the delivery ratio remains
effectively close to 100%o in all scenarios. This result indicates that the increase in network size
has a minimal impact on packet delivery reliability within the simulated conditions. Overall,
the results demonstrate that the proposed framework maintains highly reliable communication
even as the number of sensing nodes increases.

Figure 4. Average End-to-End Delay per Sensing Node in the 24-Node network scenario

To further evaluate the communication overhead of the proposed WSN-MQTT
integration, the total network traffic was compared between the baseline condition without
application-level data transmission and the corresponding condition with application
communication enabled. As shown in Table 2, the total traffic increased from 2,369,624 to
3,046,445 bytes in the 24-node scenario, corresponding to a 28.56%o increase. For the 36- and
48-node scenarios, the traffic increase was 33.63% and 38.43%, respectively. The increasing
trend indicates that the additional communication load introduced by application-level data
transmission becomes more pronounced as the network size increases. These results provide an
additional perspective on the communication cost and scalability of the proposed WSN-MQTT
integration, complementing the latency, throughput, and PDR analyses.
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Figure 5. Average End-to-End Delay under different network scenarios

Figure 6. Total Application Throughput (bps) under different network scenarios
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Table 2. Comparison of baseline and application-enabled communication traffic across
network scenarios
Network  Baseline Traffic Traffic with Additional Traffic
Scenario (Byte) Application (Byte)  Traffic (Byte) Increase (%)
24 Node 2,369,624 3,046,445 676,821 28.56%
36 Node 5,547,224 7,412,941 1,865,717 33.63%
48 Node 8,050,967 11,144,798 3,093,831 38.43%

As tabulated in Table 3, the computational time required to execute the simulation
increased as the network size increased. Although all scenarios represent the same 3600 s of
simulated time, the execution time increased from 527.875 s for the 24-node scenario to
697.668 s and 963.927 s for the 36- and 48-node scenarios, respectively. This increase indicates
that larger network configurations require greater computational effort due to the increased
number of network entities and communication events.

Table 3. Simulation execution time for different network scenarios

Network Scenario Simulated Time () Simulation Runtime (s)
24 Node 3600 527.875
36 Node 3600 697.668
48 Node 3600 963.927

The results also demonstrate the flexibility of the proposed framework in evaluating
different WSN configurations. By modifying the simulated WSN while keeping the MQTT and
external 1oT infrastructure unchanged, alternative network sizes and configurations can be
tested without requiring a new physical WSN deployment. This simplifies comparative
evaluation and supports efficient pre-deployment network design.

Conclusions

The framework presented in this study integrates an SDN-WISE-based WSN
implemented in the Cooja simulator with an MQTT-based communication infrastructure.
Unlike conventional approaches that generate test traffic independently, the MQTT workload
in the proposed framework originates directly from the simulated WSN. The experimental
results from the 24-, 36-, and 48-node scenarios showed that the average end-to-end delay
increased with the number of sensing nodes, yielding delays of 37.51 ms, 100.30 ms, and 138.01
ms, respectively. At the same time, total application throughput increased from 142.51 bps to
212.78 bps and 281.12 bps as the network size increased, reflecting the greater volume of
application data generated by larger WSN configurations. Packet delivery remained highly
reliable, with PDR values of 100.00000%, 99.99996%, and 99.99988%, respectively. The
additional network traffic associated with application communication also increased from
28.56% for the 24-node scenario to 33.63% and 38.43% for the 36- and 48-node scenarios.
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These results demonstrate that the framework can capture the effects of WSN configuration on
latency, data delivery, and communication load in the integrated loT infrastructure.

Overall, the results demonstrate the feasibility of using a simulated WSN as a traffic
source for evaluating loT performance. The proposed framework provides a practical link
between WSN simulation and 10T infrastructure, supporting network-aware design and pre-
deployment evaluation of 10T systems. Future work will focus on evaluating additional network
configurations and communication technologies, and on extending the experimental setup to
integrate higher-level 10T services such as data processing, storage, and analytics.
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