





























































































































































































































3. Methodology

3.1. Chapter Introduction

This chapter disseminates the methodology used to overcome the limitations of existing
research, as described in Section 2.7. As discussed in Section 1.4.1, the aim of this research
is to implement tactile internet to the existing PLC-driven plants by enhancing 5G wireless
capabilities for the improved operation and effectiveness within the manufacturing sector

which will result in the minimisation of production time [2], [28].

Tactile internet 5G technology topics have gained lot of attention at both research and
application level recently. However, research revealed that PLC-driven plants have not
been given enough consideration in this movement [28], [46]. This has led to a reckonable
inability to adapt to 5G wireless network in PLC-driven smart plants which limits the

implementation of an ultra-responsive tactile internet system into such plants.

To remediate this deficiency, it was established in Section 2.4 that the adaptation of a 5G
wireless network into PLC-driven plants would improve data streaming, which will in turn
minimise the production time, and thereby result in increased production capacity,
enhanced collaboration with all stakeholders, and faster operation interaction as well as

remote maintenance [27].

Based on the identified research gaps in Section 2.7, the methodology should answer the

research questions that were postulated in Section1.3, which are:

1. Which effective and plausible amendments can be implemented on already existing
PLC-driven plants to be able to adapt 5G network technology?

2. Can the system modification be scalable to all PLC-driven systems?

3. Will the developed experiment improve all considered network performance factors

which affect production time?

All these questions of interest will be answered by the ability of the system design to be
able to enhance 5G wireless capabilities revealed in the methodology chapter. This will be
achieved by elaborating more on the selected case study for this project, reasons inspiring
the choice of the case study, key sections of interest on the case study, and additional

innovative modules on the setup to achieve the aim of the project.
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To address this deficiency, numerous possible methods from different authors were
reviewed, amongst which most possessed the least feasible solution of completely
substituting PLC devices with other automation mechanisms. Among all the reviewed
techniques, the incorporation of the Scalance MUMS856-1 router to enhance 5G capabilities
to already-existing industrial-level PLC devicess was found, and based on research it was

deemed to be the most plausible solution.

The chapter (Chapter 2) went on to review network factors that can have a significant
impact on production time and how they influence the considered production time. This
review was accompanied by a detailed investigation into how these network factors can be
measured to quantify the improvement brought on by 5G technology tactile internet
applications. This chapter was concluded by further dissecting close citations in which the

research gaps were identified and outlining the identified gap(s).

Chapter 3 guided the implemented methodology of the experiment to achieve the research
aim and objectives. The chapter began by thoroughly explaining the case study selected
for the research, which was the smart water bottling plant. In this explanation, reasons
inspiring the choice, operations of the case study, and the PLC drive automating the smart

water bottling plant were introduced.

The chapter then proceeded to the first phase of the methodology (Phase 1) in which the
tactile internet was implemented on the smart water bottling plant using 4G network
technology. The aim of this phase was to provide a reference for comparison purposes on
5G setup. Then, Chapter 3 went on to detail the key experiment of the research, which was

to implement tactile internet on the smart water bottling using 5G technology.

At this juncture, it is significant to point out that the Scalance MUMS856-1 router, which
was found to be the most plausible solution to enhance 5G capabilities on an existing PLC
drive instead of replacing it, was used to implement 5G network tactile internet application
on the smart water bottling plant. Moreover, the G-NetTrack and Paessler PRTG network
monitoring applications used to measure reviewed network performance factors were
found, based on research, to be the most effective measuring platforms for the intended

setup.
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In Chapter 4, the results of all network performance factors measured on the experimental
setup of tactile internet applications of both 4G and 5G were scientifically presented in
tables and graphs. A detailed comparison was made on results to prove or disprove the
ability of 5G technology to improve production time, upon which it was proven by
experimental results that 5G network technology was able to improve production time in a

PLC-driven smart manufacturing environment over 4G network technology.

In Chapter 5, a detailed discussion on the picture evinced by the results portrayed in
Chapter 4 was raised. In this discussion, the percentages of improvements were technically
presented on performance of latency, bandwidth (data rate), device density, reliability, and
accessibility. Moreover, a comprehensive overview of the latest reviewed citations in
which the research gap was identified was conducted, and the improvements contributed

by this research on each identified gap were stated.
6.3. Overall Conclusions

Smart manufacturing, which is a dynamic manufacturing approach characterised by
automation of a production/processing line, connectivity of IloT nodes, digitisation of the
plant through digital twins and augmented realities, and product customisation [4], [5], [7],
is gradually replacing traditional manufacturing due to its advantages. These include
increased data management, product uniformity, increased production volume, and

effective resource management, to name few [3], [5], [7].

To facilitate remote operations which include data synchronisation, remote maintenance,
predictive maintenance, remote operation, and data transparency amongst all authorised
stakeholders, a visual presence termed tactile internet must be established to the plant using

network connection [27], [70], [71].

For this tactile internet to be effective, the network connection used must be equipped with
low latency, high bandwidth, increased device density, high reliability, and easy access
[27], [69], [154]. Among all network technologies that were commercially available at the
time of writing this thesis, research revealed that 5G technology is equipped with the lowest
latency, highest bandwidth, maximum device density, high reliability, and is easily
accessible over its predecessors, being 3G, 4G, and 4G-LTE technologies [15], [25], [69],
[154].
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Automation, which is one of the key features which distinguish smart manufacturing from
traditional manufacturing, is achieved through the usage of Programmable Logic
Controllers in most smart manufacturing plants, based on researched statistics [9], [11],
[15]. However, research also revealed that most industrial level PLC devices automating
the smart manufacturing and processing plants nowadays lack 5G capabilities [9], [15],
[39]. To address this limitation, this research undertook the journey to improve 5G

capabilities on already existing PLC-driven plants to implement tactile internet.

The hypothesis was that, if the project aim, to implement tactile internet using wireless 5G
technology in a PLC-driven smart manufacturing plant, could be achieved successfully,
production time would be minimised [15]. This would be due to improved data
synchronisation on the tactile internet routed as the network technology has low latency,
increased bandwidth, ability to multi-connect an increased number of IIoTs, being more

reliable, and being easily accessible [15], [16].

To fulfil this aim, the pre-existing smart water bottling plant setup automated by an
industrial level PLC was selected to be the case study, and a detailed review of possible
ways to enhance 5G wireless features on the case study were researched. In this journey,
the incorporation of the Scalance MUMS856-1 router was found to be the most plausible
solution as it does not phase out the existing PLC drive [147], [148].

The Scalance MUMUS856-1 router solution was implemented in a pre-existing smart water
bottling plant to experiment with tactile internet applications using wireless 5G technology
[15], and the intended tactile internet application was successfully implemented using

wireless 5G technology on the smart water bottling plant.

To validate the improvements by comparison, the reference was induced by implementing
the tactile internet using wired 4G network technology on the same case study and the
results of network key performance factors which were reviewed to have significant impact
on production time were measured. To prove/disprove the ability of 5G technology to
improve production time, network factors were also measured on the tactile internet

application implemented using wireless SG network technology.
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Upon comparison of wireless 5G technology results with wired 4G tactile internet results,
it was concluded that 5G technology can reduce latency by 99.01%, increase data rate
performance by 75.40%, improve device density by 90%, maintain 100% reliability, and
increase accessibility in a tactile internet implemented on a PLC-driven smart water

bottling plant over wire 4G network technology.
The research questions to be answered were:

1. Which effective and plausible amendments can be implemented on already existing

PLC-driven plants to be able to adapt to 5G network technology?
2. Can the system modification ultimately be scalable to all PLC-driven systems?

3. Will the developed experiment improve all considered network performance

factors which affect production time?
The answers to these research questions are:

1. The incorporation of the Scalance MUM®&56-1 router to an already existing PLC-driven
smart factory was concluded to be the most effective solution to enhancing 5G wireless
capabilities on the plant without phasing out the already existing PLC drive with the
aim of implementing tactile internet.

2. Yes, the router was connected to the PLC through standard LAN/Ethernet
communication. Hence, this solution is scalable to all PLC devices which are equipped
with standard LAN/Ethernet interface.

3. Yes, based on measured results, the implemented tactile internet using 5G technology
was able to improve network performance factors which affect production time. Hence,
implementing tactile internet using 5G technology was able to minimise production

time in a PLC-driven smart water bottling plant.

In conclusion, this research successfully explored the intended study environment, and tactile
internet was successfully implemented on the PLC-driven smart water bottling plant using
wireless 5G technology. Network factors were scientifically measured and compared. The
comparison revealed that the wireless 5G network can improve production time over its

predecessors in a PLC-driven smart manufacturing environment.
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6.4. Future Work

This research was one of the innovative pillars branching from the series of Industry 4.0
research that stemmed from the smart water bottling plant located in the Central University
of Technology (CUT), Free State, laboratory. As new technologies emerge and innovative
ideas are discovered around the globe, the smart water bottling plant setup should also

transform to keep with the evolution in real time.

The most immediate furtherance considered and foreseen from this research is to explore
the innovative idea of wireless tactile internet in other most-used PLC devices in the smart
manufacturing industries within and outside the Siemens family. The intention is to bring
the recent network generations compatibility awareness to PLC production companies and
possibly to design and produce PLC devices which also support 5G and B6G routers into
the industry as automation and networking are becoming inseparable in the envisioned

future of Industry 4.0.

Another envisioned future work considered as the media is briefing about the launching of
6G technology in near future will be to investigate and proactively align the adaptation of
widely used PLC devices in smart manufacturing plants to communication protocols
proposed for 6G technology and Beyond (B6G). The cyber-security and energy efficiency
performance and improvement of tactile internet applications can also be explored as part

of the future work.
6.5. Research Outputs

From this research, four articles were submitted to international conferences — two were
already published, and the remaining two have already been accepted and are awaiting

publishing.

= Kuriakose, R.B., Mokotjo, H.J. (2024). Implementing Tactile Internet Using 5G
Network for Cloud Manufacturing in a PLC-Driven Water Bottling Plant. In:
Iglesias, A., Shin, J., Patel, B., Joshi, A. (eds) Proceedings of World Conference on
Information Systems for Business Management. ISBM 2023. Lecture Notes in
Networks and Systems, vol 833. Springer, Singapore. https://doi.org/10.1007/978-
981-99-8346-9 29
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Humane J. Mokotjo and Rangith B. Kuriakose, “Adaptation of 5G Technology in
Programmable Logic Controller Automated Smart Manufacturing Plants to
improve Network Factors that affect Production Time” 2025. (ISBM 3™ World
Conference 2024, Bangkok, Thailand). The paper has been accepted and presented.

Humane J. Mokotjo and Rangith B. Kuriakose, “Designing and Testing an
Experimental Setup for Incorporating 5G wireless network in a PLC Automated
Smart Manufacturing plant” 2025, (Intelligent Systems Conference (IntelliSys)
2025) Accepted and awaiting presentation on the 28-29 August 2025.

Humane J. Mokotjo and Rangith B. Kuriakose, “Experimental Setup and Results
Analysis of Tactile Internet Implemented using 5G Technology” (ICTIS
Conference 2025, Bangkok, Thailand) Accepted and awaiting presentation on the
4 to 6™ April 2025.
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