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1 ABSTRACT

There is rapid increase of new technologies that are being implemented in many fields benefiing their
operations positively, and urban and regional planning is also slowly growing in deploying various
tecbnologies. The Fourth Industrial Revolution (4IR) has introduced transformative technologies such as
Artificial Intelligence (Al), Big Data, the Internet of Things (IoT), and Geographic Information Systems
(GIS), which are reshaping urban planning and governance. The city of Johannesburg is located in South
Africa which is in the developing world. The city is working towards becoming a world class city. To
achieve this, there is a need of deploying advance technological tools in urban planning learning from
developed countries. The aim of the study is to explore the influence of 4IR technologies that might have in
the City of Johannesburg (CoJ), focusing on how these innovations enhance decision-making, optimize
resource allocation, and improve urban efficiency. By analyzing real-time data, predictive analytics, and
smart infrastructure solutions, the research analysis the potential of 4IR technologies in addressing urban
challenges. With the adoption of a qualitative case study approach, through the use of literature, this research
evaluates existing applications and applications that could be implemented of AI and Big Data in
Johannesburg’s urban planning strategies, as well as the challenges related to data privacy, and infrastructure
readiness, The findings highlight the benefits of technology-driven urban management while also identifying
barriers to widespread adoption. Therefore, the study recommends the integration of 4IR technologies into
Johannesburg’s urban planning framework to foster sustainable and inclusive city development.
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2 INTRODUCTION

Fourth Industrial Revolution provides techonological advancements that could bring solutions to urban
planning challenges and drive the City of Johannesburg towards becoming a smart city. These technologies
require to be deployed correctly to be functional, and effectively. Accordingly, there is a need for them to be
well-utilized by both the governmnent and the city residents. The aim of the study is to explore the influence
and impact of 4IR technologies that might have in the City of Johannesburg, focusing on how these
innovations enhance decision-making, optimize resource allocation, and improve urban efficiency. By
analyzing real-time data, predictive analytics, and smart infrastructure solutions, the research analysis the
potential of 4IR technologies in addressing urban challenges. The city has been adopting various
technologies in various aspects such as the CoJ municipality integrating e-services in their operations to
ensure tha the city residents can easily obtain information, communicate and other related services, there has
been smart mobility developments such as the Bus Rapid Transit system (Known as Rea Vaya system), High
speed rail system (known as Gautrain system which includes Bus, train and midi-buses), rising number of
ride e-hailing services, Free WiFi services in various neighbourhoods and parks for city residents to connect
to the internet, usage of green energy such as the adoption of solar powers, Geographic Information System
services used to assist in planning and also providing the city residents with real-time navigation
information, CCTV networks to prevent crime, sensored waste management, and environment sensors
monitoring conditions to prevent natural disasters, and other technologies. The use of more technological
innovations can enhance the urban living leading to quality of life and promote sustainable development.

3 BIBLOMETRIC LITERATURE REVIEW

The use of biblometric mapping of literature has been adopted for this study. This is to identify suitable
literature for this study and identify most of the common themes researched on related to fourth industrial
revolution, Artificial intelligence, Big data, smart cities, urban planning and South Africa. Further, the results
of the mapping network indicates a summary of themes that are most studied and or that need attention.
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Figure 1: Keyword co-occurrence network visualisation

The above figurel indicates a biblometric mapping of literature about authors keywords. These keywords
indicate the most used keywords related to the study. There are 18 items (keywords), 3 clusters, 58 network
links, 198 total link strength, and there is a total of 43 occurences. Only 18 keywords formed the network as
22 keyworkds could not connect to other keywords. Accordingly, links indicate the connection between
various keywords in the biblometric mapping of literature, and the occurences shows how much a keyword
has appeared in the networks. Furthermore, the total link strengths highlights that which keywords are most
connected to other keywords indicating that most author’s studies focuses on such themes. The authors
keywords formed 3 clusters that are indicated by different colours. Each cluster has subfields that most
authors work focuses on. In cluster 1, there are six keywords indicated by red node which include adaptive-
reuse, cultural resilience, embodied cultural energy,inclusive urban development, sustainability, Tshwane/
Pretoria. The cluster indicate that some of the studies conducted are based on inclusive urban development
with cultural resilience and embodied cultural energy. Accordingly, adaptive-reuse is a significant concept
that needs to be implemnted for creating sustainabilty smart cities.

In cluster 2, there are six keywords represented by a green node which include Eastern Cape, digitization,
enegry management, internet of things, urbanization, and smart municipalities. This cluster highlights that
various studies conducted indicate that municipalities in the Eastern Cape are transitioning towards smart
municipalities were there is deployment of internet of things and digitization for energy management and
urbanization. In cluster 3 there are two keywords represented by a blue node which include gis-mcda,
housing, land, smart cities, South Africa, and well-located. The cluster indicates that there are various studies
conducted of identify suitable land location for housing development and smart cities development across
South Africa using gis multi-criteria decision analysis. Further, there is a strong connection in the network
for the keyword smart cities as it is strongly linked with cluster 2, cluster 3 and also with one keyword in
cluster 1 which is sustainability. The keyword connects with Eastern Cape, digitization, enegry management,
internet of things, urbanization, and smart municipalities in cluster 2 highligting that for successful smart
cities development in the Eastern Cape there is a need for all the keywords in cluster 2 to be implemented or
included in planning. Consequently, there is a need for gis multi-criteria decision analysis to identify suitable
land location for succesful development of smart cities, which this will produce sustainable smart cities.
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Figure 2: Keyword co-occurrence overlay visualisation

The above figure 2 highlights the publication themes that were most trending from the year 2018 to the year
2024. Consequently, this indicates that studies on smart cities, sustainability and technological innovations in
urban and regional planning experience boost from late 2019 to 2024 in South Africa. However, there are
very few studies conducted related to this study which highlights that there is more research that could be

REAL CORP 2025:
URBAN INNOVATION

J446




Siphiwe Mbatha

done in this area. As seen on the above keyword co-occurrence overlay visualisation, there are few keywords
that are creating a network of authors keywords, indicating that this research area in South Africa has not
been explored sufficiently to assist provide positive impact using this approach in urban planning. During
2018, studies conducted related to the study focused on deployment of technology such as gis multi-criteria
decision analysis to identify suitable locations for development of smart cities, suitable land for housing in
South Africa. In 2020 to 2022, more studies were conducted on smart cities and sustainability. Accordingly,
in 2023 to 2024, more studies were conducted on digitalization, internet of things, energy management, and
sustainability.

4 APPROACH AND METHODOLOGY

The study deployed a case study research design were the City of Johannesburg was selected to explore how
the 4ir technologies can influence urban planning. Accordingly, a qualitative approach is followed were
variouss publications are examined related to the study through the use of biblometric mapping of literature.
The use of biblometric mapping of literature assist to identify common research areas related to smart cities,
urban planning, artificial intelligence, big data, digital mapping, Johannesburg and South Africa, and this
allow the study to identify a literature gab. 12 publications were downloaded on scopus which included 4
conference papers, 6 journal articles and 2 book chapters. The keywords selected were urban planning, smart
cities, and South Africa. Only three keywords were used to ensure that the study obtain most suitable
publications and also if more keywords are added no publication is obtained. Which this indicates that there
is a gab on studies conducted that include urban planning, 4IR, artificial intelligence, big data, smart cities,
digital transformation, Johannesburg, and South Africa. Therefore, there is a need of more studies conducted
to assist developing South African cities using advancement of technology which could assist producing
smart cities where South African cities can go where they have never been.

During the data cleaning process, the abstracts of all publications generated were examined and all the
publications were relevant to the study. Selected publications were exported to a excel sheet csv document to
provide a suitable file that VOSviewer allow for biblometric mapping of literature. Accordingly, the excel
sheet was inserted in the VOSviewer to start the process of biblometric mapping of literature. Accordingly,
the type of analysis chosen is co-occurrence and the unit of analysis selected are authors keywords.
Consequently, the threshold chosen is based on the number of occurrences of a keyword should appear
which was once. 40 keywords were generated, and when the threshold was selected, 40 keywords meet the
threshold. when the number of co-occerences were reduced to two, only three keywords meet the threshold
which this will lead to poor network analysis produced. Therefore, the results produced figure 1 representing
keyword of co-occurrence network visualisation and figure 2 representing keyword co-occurrence overlay
visualisation.

S RESULTS AND DISCUSSIONS

This section provides the results and analysis on the influences of 4ir technologies in urban planning, and
how these technology could enhance the City of Johannesburg. There are various technologies that are
developed in the City of Johannesburg to address urban challenges, development, governance, city
operations and service delivery. Building information modelling are deployed for risk management. The
technologies referred here include BIM, automatic rule checking, knowledge based systems, reactive and
proactive safety systems based on information technology. There is a distinct difference between reactive
and proactive safety systems for risk management. Forsythe (2014) and Teizer et al. (2010) pointed out
reactive systems using information technologies such as VR, 4D CAD, and GIS seldom use real-time data
and need a post data collection processing effort for analysis, while in contrast proactive technologies can
collect and analyse real-time data, and provide real-time warning and immediate feedback to construction
site about dangers in time. It has been found that BIM, on one hand, can be used as a systematic risk
management tool in the development process and, on the other hand, can perform as a core data generator
and platform to allow other BIM-related tools for further risk analysis, where most of these technologies can
be used interactively in related investigations (Zou et al., 2017). The municipality of johanesburg use
technology such as GIS for mapping to identifying suitable sites for development and identifying areas that
need the provision of service delivery.
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Accordingly, Big Data is the term being used to describe a wide spectrum of observational or “naturally-
occurring” data generated through transactional, operational, planning and social activities.The major
potential of big data applications is in four areas: (1) improved strategies for dynamic urban resource
management, (2) theoretical insights and knowledge discovery of urban patterns and processes, (3) strategies
for urban engagement and civic participation, and (4) innovations in urban management, and planning and
policy analysis (Thakuriah et al., 2017). The city deploys such technology to collect real-time information to
provide quality of services to the citizens. Prior to this era which we can loosely call the age of the smart city
(Batty, 2020), describes that computers were mainly used to support plan-making functions, although data
and information had become central to the operation of the routine planning system as well. This is best seen
in planning skills which in the year 2000 were still organised around spatial representation through GIS and
CAD, forecasting models from transportation to housing, the development of web pages to communicate
ideas that might be organised digitally such as database access and the development of a national
infrastructure for the archiving and transmission of data (Batty, 2021).

The IoT is considered the next large prospect for the world of the Internet, as it has come out of its early
stages and is entering into the era of revolutionizing the traditional network infrastructure into a fully
integrated future with the internet. Thus, this leads us to the concept of smart homes where different
electronic appliances are interconnected with each other and achieve high-quality two-way interactive
multimedia services. In such a system where a large number of devices are communicating with each other, a
massive volume of data (called Big Data) is generated. To enrich smart home technology, the better analytics
of Big Data could play a vital role in the advancement of Information and Communications Technologies
(ICTs). This type of Big Data analysis provides a better understanding and useful information about the
future as well as about planning and development, thus providing us insight into Big Data. This type of
technology is used to enable a large variety of security as well as monitoring applications, and for
urbanization, it is of utmost importance to comprehend the demand for service profiling to enhance
efficiency and may advance city management (Rathore et al., 2016).

Smart city is a concept that encapsulates various technological innovation concepts into a single architecture
(Alvi et al., 2016; Silva et al., 2018). The key concept of the smart city is to obtain the right information at
the right place and on the right device to make a city-related decision with ease and to aid citizens more
quickly (Rathore et al., 2016). According to Manville et al.(2014;7) ‘it is in this context that smart cities
emerge not just as an innovative modus operandi for future urban living, but as a key strategy to tackle
poverty and inequality, unemployment and energy management’. Many cities around the world adopted
smart urban technologies with an aim to become a smart city, maintain a scientific-technologic position of
excellence via ensuring and expanding economic competitiveness to transforming and modernising their
societies and cities, and sustain their growth and development. Examples of some the smart city initiated
concepts; the Amsterdam Smart City initiative formed a collaboration between the citizens, government and
businesses to develop smart projects to make a change by energy saving, which a concept more or less like
this is initiated in CoJ as more solar power energy devopemnts are created such as solar power street light
and more houses and companies generate electricity from solar power; the Southampton City Council
utilised smart cards to stress the importance of integrated e-services, which this is similar to some of the CoJ
city services of having one e-smart card for different purposes; the City of Edinburgh Council formed a
smart city vision around an action plan for government transformation; the Malta Smart City formed a
strategy to promote a smart business park as a way to leverage economic growth (Yigitcanlar, 2015), a
similar strategy is implemented in Johannesburg were various city parks are provided with free WiFi for
residents to use for various purposes such as work and entertainment.

Figure 3 indicates a concept of a technology driven City of Johannesburg supported by the 4ir technological
innovations which can lead to a functional smart city. This demonstrate that 4IR technologies such as
artificial intelligence, internet of things, big data, digital transformation can allow the provision of massive
amount of data to provide efficient suitable response to urbanisation challenges and services delivery.
Accordingly, optimization of land use zoning for areas across the city to function efficiently and sustainable.
Consequently, more advance technologies could be integrated with the use of GIS to identify suitable
locations that can provide affordable housing for the city residents and combat the challenge of the
increasing informal settlements and optimize infrastructure planning ensuring that the city is resilient to
natural disasters.
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Figure 3: Concept of technology driven City of Johannesburg

Further, these technologies could assist with the vision of the city to become a world class city and becoming
a smart city. This would include smart governance which will change governance and coordination processes
as well as planning processes with public participation leading to transparency and accountability, smart
people and smart economy were people are compatible with technology and assist in the development of the
economy eradicating the levels of poverty. Accordingly, smart mobility were various innovative public
transport systems such as Gautrain and bus rapid transit system (Rea Vaya system) and other modes could be
integrated to ensure effective and reliable public transport systems, smart living ensuring that there is safe
and security in all the neighbourhoods and 24hrs policing response services across the city. Consequently,
smart energy and the environment were there could be provision of effcient solar-energy as the country is
struggle with power provision and more technologies that could monitor the environment to provide in-time
alert to communities and areas that are prone to disasters before hand.

In addition, innovative technologies afford opportunities for data-driven cities which is generated from
various technologies that could assist with spatial transformation as informed decisions are taken and this is
very important in Johannesburg neighbourhoods to transpire as there is spatial injustice and would create
sustainability. All this can help transform the city and be resilience creating City of Johannesburg to be a
functional smart city. However, the challenge of reaching this point lies in the tools and resources in the city
and the policies and legislative frameworks to support this approach.

6 CONCLUSION

The City of Johannesburg is a transitional city working towards being a developed world class city. There
are various types of infrastructure developed making the city functional, and with 4ir technological
innovations being integrated towards enhancing the city. Enhancing the city towards being a smart city, there
is a need of ensuring that the technological innovations that are deployed are functional and utilized by both
the service providers and city residents. These various technologies such as internet of things, artificial
intelligence, big data analytics, geographic information systems, smart infrastructure and digital twins,
autonomous vehicles and smart transportation, renewable energy and smart grids, digital platforms for
citizens engagement, automation, and virtual reality and augemented reality are suitable in urban planning
which could enhance the city’s functionality making the City of Johannesburg to go where no cities have
gone before. Technological integration is critical in urban innovation to provide solutions that traditional
urban planning systems struggle to provide. Lastly, technology could transform the city to be more data
driven making it effective, efficient, functional , sustainable and provide a quality of life for the residents.
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