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Abstract: Smart City (SC) is a booming model of urban development with great potential, armed to be
one of the urban development’s most powerful developing weapons. However, the development of
SC is far from satisfactory. Therefore, finding new paths for SC becomes imperative. Transit Oriented
Development (TOD), which often focuses on the core areas of SC, is believed to be a substantial
contributor to the development of SC. Nonetheless, the relationship between SC and TOD and
the effects of TOD in promoting SC are rarely studied. In this study, we proposed a conceptual
framework of Smart TOD (S-TOD), which could highlight TOD 5.0 but more than that. S-TOD is an
integration of SC and TOD, utilizing the deconstructive method and the abductive method. We first
defined S-TOD, which integrates SC and TOD as the twin sources. Then, we employed the concept
of Deoxyribonucleic Acid (DNA) to construct S-TOD in a cross-boundary path as the connection
between DNA and its twin subchains can perfectly reflect the inner relationship between S-TOD
and its twin sources, SC and TOD. Finally, we built up the structure of S-TOD with three layers, i.e.,
the cloud layer, the tactile layer, and the land zones layer. The purpose of this paper is to enhance
the practical value of SC, from a perspective that has been neglected, that is, the combination with
TOD, provide a new perspective for the research and practice of the integration of SC and TOD, and
effectively facilitate the advantages of SC and global sustainable development.

Keywords: smart TOD; smart city; transit-oriented development; conceptual framework; Deoxyri-
bonucleic Acid map; smart planning; urban planning

1. Introduction

Smart City (SC) is a booming model of urban development with great potential, armed
to be urban development’s most powerful developing weapon. The first appearance of
the term ‘smart city’ is in the book The Technopolis Phenomenon-Smart Cities, Fast Systems
and Global Networks [1]. However, it didn’t work very well at the time. However, since
its second appearance by IBM in 2010, a wide range of academic research on SC has been
conducted [2–4]. The main features of SC are presented in a framework fueled by recent
technological advancement, particular city requirements and dynamics [5]. According to
IDC (International Data Corporation), technology-related investment in the SC market
worldwide will reach USD 189.46 billion, among which USD 38.92 billion is in China by
2023 [6]. According to Research and Markets, the scale of the SC market worldwide is
valued at USD 62.09 billion in 2020, and it is estimated to reach USD 248.63 billion by
2030 [7].

Cities are facing a growing need to provide enhanced public services that have an
impact on people’s daily lives [8]. Although cities make up only 3% of Earth’s surface,
they drive our economy, consuming 75% of the world’s energy, which produces 80% of
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greenhouse gas additives. More specifically, cities are placing an increasing burden on
energy, water, buildings, environment, transportation, climate, and so on [9]. SC are
emerging in this context, which has become a global phenomenon and movement to
enable us to use urban resources in a more efficient way, make public transport more
attractive, and provide planners and decision-makers with data to allocate resources more
accurately [10]. The shift in SC discourse is evident both at the national level (e.g., South
Korea, Australia, United States) and in city-level policies and initiatives (e.g., Amsterdam,
San Francisco, Vienna, Seoul) [11,12]. Currently, hundreds of SC initiatives are underway
around the world, affecting large numbers of people and devoting significant resources
to these projects [13,14]. While some of these projects incorporate dimensions beyond
technology, in practice, there is little evidence that the key workings were fully being
achieved in cities that call themselves SCs, bringing the concept of SC closer to the goal of
sustainable cities [15].

Many cities around the world are so enthusiastic to be smart and jumped on the
bandwagon to adopt the concept of SC. Although different institutions have researched
the standards of SC in the past three decades, the authoritative standards of SC are still
lacking. In addition, although SC had been packed to be one of the most advanced tools
for urban development in the era, much of the current publicity around SC is seemingly
superficial and boastful, except for the practical cities such as Glasgow, Hamburg [5],
Antwerp, Helsinki [16], and so on. Some scholars were skeptical because they think there
is weak evidence beyond speculation that SC can provide real answers to the complex
challenges that cities are facing today [15]. However, things change when the development
of SC continues with rich fruits, along with the Internet of Things (IoT), Cloud Computing
and Blockchain [17], the Machine Learning [18], the 5G [19], the Digital Twins [20], and
so on. We can see that SC is all-encompassing, but it misses an important tool called
Transit Oriented Development (TOD). SC is involved in the current popular theoretical
system in the field of urban planning, but for such a powerful theory as TOD that has
existed and been popular for decades, it rarely involves. As some scholars have stated,
the spatial areas of TOD would also form a new version along with the development of
SC, so that the future TOD areas will have a new form and connotation, giving birth to
a new intelligent TOD pattern [21]. According to that, this paper will further expand the
feasibility based on limited literature reference to develop SC. The concept and practice of
TOD can function as an important starting point of SC practice. The purpose of this paper
is to enhance the practical value of SC, from a perspective that has been neglected, that
is, the combination with TOD, provide a new perspective for the research and practice of
the integration of SC and TOD, and effectively facilitate the advantages of SC and global
sustainable development.

From our research, we can see that SC contains many subsystems such as trans-
portation and so on. TOD is a mode developed under but went beyond the guidance of
transportation, so the boundaries of SC and TOD are wrapped around each other. Nonethe-
less, the relationship between SC and TOD and the effects of TOD in promoting SC are
rarely studied. To fill in the research gap, we propose a conceptual framework of Smart TOD
(S-TOD) as an integration of SC and TOD, which could be more than TOD 5.0, aiming at
strengthening the connection between them. The paper mainly employs two research meth-
ods, the deconstructive method and the abductive method. The deconstructive method
deconstructs SC and TOD separately to find out their inner connections, aiming at the
construction of S-TOD. The use of the abductive method is to disentangle the relationship
between SC and TOD, to analyze the DNA map of S-TOD, and to form the structure of
S-TOD. Deoxyribonucleic Acid (DNA), which is an important part of chromosomes, is the
genetic material of living things, containing all their genetic characteristics [22]. In this
paper, DNA has been likened to the core features of S-TOD, and the two subchains of DNA
have been likened to the two sources of S-TOD, which are SC and TOD, so as to better
deduce the whole system of S-TOD.
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The remainder of this paper is structured as follows. Section 2 reviews the relevant
literature on the development of SC and TOD. This is followed by Section 3, which provides
an overview of the research design. Section 4 introduces the definition of S-TOD. Section 5
presents the mapping of the DNA of S-TOD. Section 6 builds up the structure of S-TOD.
Section 7 discusses the findings of the research and Section 8 recapitulates the major
findings, contributions, and recommendations for future research work.

2. Theoretical Backgrounds: A Literature Review

In the past several decades, governments and research institutions have been eagerly
engaged in the theoretical research and planning practice of SC [14,23–25]. Many cities
are called SCs, or at least they claim themselves to be SCs. Even though SC has been
proposed for decades, there have been few authoritative definitions—even now. The first
appearance of the term ‘SC’ is in the book The Technopolis Phenomenon-Smart Cities, Fast
Systems and Global Networks [1]. Back then, the concept of SC was not adequately influential,
making it lose its shine to the more acknowledged concept of ‘global cities’. Twenty years
later, however, IBM (International Business Machine) has redefined and promoted SC
as its corporate strategy, which has taken the world by storm at that time, though not
authoritative [26]. Likewise, there is still no authoritative standard for SC, although many
institutions have researched SC standards, including ISO (International Standards Organi-
zation), ITU (International Telecommunications Union), IEC (International Electrotechnical
Commission), BSI (British Standards Institute), ANSI (American National Standards In-
stitute) and CEN/CELENEC/ETSI (European Standards Organizations), etc. [27]. For
the group of critics, the very idea of SC needs to be suspected [28,29], although some of
them have achieved some success [30]. On the contrary, many cities that are doing well
neither advertise themselves to be SCs nor have a corporate strategy to back up the claim.
This, in turn, led to the situation that SC is somehow incomprehensible, a state of being
beyond reason [31]. It is urgent and necessary to build new theories for the research of
SC [32]. The situation has changed when an increasing number of scholars and practitioners
participate in the research and practice of SC. SC is the integration and upgrading of all
urban development tools, transforming cities into SCs [5]. SC can improve practical results
through smart urban planning and increase the resilience and sustainability of the whole
system. SC is developed along with the integration of information and communication
technology (ICT) with urban physical systems. The industry is gradually making use of
advanced computing technologies such as the IoT, Artificial Intelligence (AI), Blockchain,
Big Data (BD), Cloud Computing, and 5G to support urban development [33]. On this
basis, some scholars put forward the development vision of society 5.0 [17].

While a variety of theoretical tools have been included in SC, we find that TOD, such
a weighty theoretical tool for urban development, has not been thoroughly studied. SC
includes subsystems such as transportation and so on, where the boundaries of SC and
TOD are wrapped around each other. TOD is believed to be a substantial contributor
to SC, and the areas of TOD are more suitable to take the lead in the practice of SC. In
Peter Calthorpe’s book, The Future of American Cities: Ecology, Community and the American
Dream, he first proposes the development model of TOD by identifying efficient and mixed
land use with public transportation hubs and stations as the core and by emphasizing its
pedestrian-friendly environmental design [34] (Figure 1).

Until now, the concept of TOD has been widely implemented in urban planning
practice, but different interpretations have emerged around the world due to the diversity
of urban development. TOD has formed the basis of new urbanism to achieve smart
growth [35]. Just as Goetz said, TOD is likely now an important part of a much more
sustainable and smart approach to urban development [36,37]. In the context of SC, future
urban TOD areas will form a new intelligent TOD pattern [21]. We have also been inspired
by other scholars’ work on international case studies, which can provide lessons for new
researchers to maximize the application of TOD [35].
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Through the literature review, we have presented existing research and practical cases
on SC and TOD and demonstrated the inner connections, as well as the diversity and
complexity of their features. In this study, we will start with the conceptual source of both
SC and TOD to facilitate comparison and fusion between the two. Therefore, for SC, we
choose the definition and system based on the one announced by IBM. For TOD, we choose
the definition raised by Peter Calthorpe and use the theoretical systems of TOD 1.0 to
4.0 as its combined system. TOD 1.0 is the ancestor of the system, the first stage of TOD
practice, which improves the accessibility and land use efficiency between cities, reduces
environmental pollution, and optimizes urban structure and resource allocation [34]. TOD
2.0 is innovated and upgraded based on TOD 1.0, which is a new vertical and three-
dimensional development mode from the urban surface to underground space. This brings
people sustainable living, where Vertical City is regarded as the next generation of cities,
and it is a beautiful imagination for the sustainable development of future cities [38]. TOD
3.0 is announced by ITDP (Institute for Transportation and Development Policy) through its
Version 3.0 of TOD Standard, marking the path from complete streets to communities [39].
Through the integration of the most efficient and healthy modes of transportation, the
lowest economic and environmental costs, and the highest resilience to ecological damage,
all people within the region can enjoy inclusive opportunities and resources. TOD 4.0 is
claimed by Nissin company, who sets a higher goal for the spatial design of TOD, which
is to integrate the daily care of crowd behavior by meeting the needs of transportation,
services, and consumption. It will be a charming place to showcase local culture or natural
landscape and expand the urban personality and creativity by integrating station, city, and
people [40]. In this way, we establish the basis for the research on SC and TOD, which will
be described in detail in the following parts of the paper for the forming of S-TOD.

3. Research Design

To propose a conceptual framework for S-TOD, this paper employs the deconstructive
method and the abductive methods, together with inductive and deductive reasoning. First,
we use the deconstructive method to extract the key system elements of SC and TOD and
explore their internal relationship. Then, we use the abductive method to integrate the
elements and form the S-TOD conceptual structure. The deconstructive method, rooted
in western traditional philosophy as a theoretical school, is formed under the influence
of Derrida. Derrida’s deconstruction theory is so complicated and contradictory that it is
difficult to have a clear and recognized unified explanation. Even so, the method has been
widely used in many fields, including medicine, information technology, clothing design,
interior design, space design, etc. [41,42]. In this paper, we use the deconstructive method
to deconstruct SC and TOD separately and to find their inner connections, aiming for the
construction of S-TOD.
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The abductive method is used to trace the cause of a causal connection and the logical
nature of a sufficient conditional hypothetical proposition from the result. It not only
incorporates different ways of knowing but also enhances the promising problem-based
learning. However, literature on the abductive method is predominantly philosophical,
so its practical consequences are worthy of further research [43]. The inductive reasoning
is a kind of reasoning from individual to general. From a certain degree of an individual
point of view to a wider range of points of view, deducing general principles and principles
from specific cases. The deductive reasoning is the process of deriving a specific statement
or individual conclusion from a general premise. In some sense, inductive reasoning and
deductive reasoning are interrelated, complementary, and inseparable [44]. They are not
only fuzzy reasoning methods but also can be accurately applied to quantitative research,
which is of great practical value [45]. In this paper, we will research the relationship between
SC and TOD by the abductive method, along with inductive and deductive reasoning,
making an analogy similar to DNA and digging deep into their essential relevance, pointing
to the certainty of S-TOD.

The conceptual framework consists of three major parts, i.e., defining S-TOD, mapping
the DNA of S-TOD, and building up the structure of S-TOD (Figure 2). The use of the
deconstructive method is to deconstruct SC and TOD separately and to find out their inner
connections, aiming to the construction of S-TOD. The use of the abductive method is to
disentangle the relationship between SC and TOD, to analyze the DNA of S-TOD, and to
form the structure of S-TOD.
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4. The Definition of Smart TOD
4.1. The Conceptual Review of the Definition of ‘Smart City’

The ancestor version of SC announced by Tatsuno has been deviated to Global City
since 1992 [1], which didn’t get much buzz and lost its shine to ‘global cities’. Therefore, we
will pay more attention to its later version which was launched by IBM in A Smarter Planet:
The Next Leadership Agenda in New York, 2008. It defines the Smart Planet as a new era when
next-generation information technology applies to all industries [46]. Since IBM formally
puts forward the concept of SC, it quickly spreads all over the world in 2010 [47] (IBM
defines SC as ‘making full use of information and communication technologies to detect,
analyze and integrate key information of the core system of city operation, to respond
intelligently to various needs including livelihood, environmental protection, public safety,
city services, and business activities, with an ultimate goal of creating a better urban life
for human’. According to IBM, SC is based on six core systems, namely people, business,
transport, communication, water, and energy [3]. However, until now, there have been few
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authoritative conclusions about SC. As some scholars have argued, there is no common
definition of SC, and there is no “optimal formula” to follow in transforming each city
into an SC. In a broader version, it can be seen as an opportunistic concept that paves the
way towards smarter countries and a smarter planet, by enhancing harmony between the
lives and the environment [5]. Furthermore, SC is a vague concept with rich meaning, and
close to many relevant urban planning theories, including Digital City, Intelligent City,
Knowledge City, Innovative City, Creative City, Compact City, Ecological City, Low-carbon
City, Habitable City, and so on.

4.2. The Definition of Smart TOD

Although the connection between SC and TOD is close, the position of TOD in the
theoretical system of SC remains vague. In SC, transportation becomes just one of the
subsystems, which is often called smart transportation, and vice versa, where ‘smart’ is
also understated in the theoretical system of TOD. Therefore, we put forward the concept
of S-TOD, which is the joint form of SC and TOD (Figure 3), a comprehensive concept
combining their cutting-edge research findings. In a word, S-TOD aims to focus on the
core urban areas led by TOD and facilitate the application of the technology of SC. In this
study, we define S-TOD as the combination of SC and TOD, cored with the public transport
hubs proposed in TOD and armed with the information and communication technology
proposed in SC, where the critical features of urban are fully mixed, such as land use,
architectural functions, and activity functions, etc.
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5. The DNA of Smart TOD
5.1. The DNA Sources of Smart TOD

It can be claimed that SC and TOD are the twin theoretical sources of S-TOD. Now
we are going to get a better understanding that they can be compared and connected.
According to Figure 4, the coverage of SC adds up to the whole urban area, and so does the
coverage of TOD. Therefore, from a dialectical perspective, SC and TOD can be considered
theories of equal magnitude that work on the same object, which is the whole urban area.
Thus, we do believe that SC and TOD can be compared and connected in some way.
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Furthermore, the inner relationship between S-TOD and its twin sources is just like
the relationship between DNA and its twin subchains. Using the abductive method, we
can use the concept of DNA to construct S-TOD in a cross-boundary path. For S-TOD, the
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DNA is a double helix, having twin subchains, one of which is named Subchain α sourced
from SC, and the other is named Subchain β sourced from TOD (Figure 5).
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Then, we will build a 3-step work to fulfill the deconstruction and reconstruction,
forming new subchains for S-TOD. S-TOD consists of two blocks, one of which is meta-
physical, defined to be Conceptual Block, and the other is physical, defined to be Structural
Block. In the following, the two blocks are further decomposed into five critical fragments,
that are, Fragment 1, Fragment 2, Fragment 3, Fragment 4 and Fragment 5. The five sections
stand for the inner law, the response points, the response ways, the spatial senses, and the
spatial zones, respectively (Table 1).

Table 1. The instructions of the blocks and sections for the DNA subchains.

Blocks
Fragments

Serial Names Meanings

Conceptual Block
Fragment 1 Inner law The reasons it is coming for.

Fragment 2 Response points The points it is aiming at.

Structural Block

Fragment 3 Response ways The ways it is acting through.

Fragment 4 Spatial senses The senses it is relying on.

Fragment 5 Spatial zones The objectives it is working on.

5.2. The 3-Step Work for Getting the DNA Subchain α

We obtained the DNA Subchain α through three steps: (1) reviewing the functions
of SC as clearly as we could; (2) deconstructing the functions of SC into element chains,
looking for their inner regulations and choosing the chain that is most suitable for our
research; and (3) reconstructing a new chain to form the DNA Subchain α. The following is
the detailed process of obtaining the DNA Subchain α.

5.2.1. Step 1: The Functional Review of Smart City

In Step 1, we reviewed the functions of SC as clearly as we could. Since the second
appearance of SC by IBM between 2008 and 2010, a wide range of academic research on SC
has been conducted [2–4]. SC is an open elastic theoretical framework that integrates the
most important factors of urban planning theories, forming a multi-level theoretical carrier
and reflecting the diversification of urban development. Although there are many ways to
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classify SC, it can be generally divided into two stages, ‘SC 1.0’ and ‘SC 2.0’. ‘SC 1.0’ mainly
focused on the utilization of intelligent technology for corporate interests, while ‘SC 2.0’ is
a people-centered approach using intelligent technology to solve social problems [48]. SC
1.0 to 2.0 is a clear theoretical route, but it cannot change the fact that there are so many
different opinions about SC but few authoritative ones. What it has done is changed the
target of SC from the enterprise to society. We can see that there is still a long way to go
for SC.

5.2.2. Step 2: The Deconstruction of the Functions of Smart City

In Step 2, we summarized some representative theoretical frameworks of SC and
deconstructed them into element chains (Table 2). Since SC is an elastic and open theoretical
framework, there are significant differences between the frameworks. We need to find the
very one that is much more suitable for S-TOD. As seen in Table 1, different research on
SC has different descriptions and classifications due to different purposes, making their
element chains seemingly not comprehensive enough. From the perspective of the new
relationship between humans and space, we can see that all the chains are describing
something bigger, namely, human beings, human activities, urban space, and so on. Thus,
they were all-encompassing. There is no absolute authoritative framework of SC by far,
and we cannot argue that some chains are superior to others. Hence, we will take the
origin definition by IBM as the chosen chain for the research. The framework consists of six
elements (Figure 6), namely, ‘People’, ‘Business’, ‘Transport’, ‘Communication’, ‘Water’,
and ‘Energy’ [3].

Table 2. The representative element chains of SC are based on the review.

Serial The Representative Element Chains of SC

1 People, Business, Transport, Communication, Water, Energy, etc. [3]

2 Economy, Management, Mobile, Environment, Life, etc. [47]

3 Smart Economy, Smart environment, Smart life, Smart Travel, Smart
safety, Smart education, etc. [4]

4 Technology, System, People, etc. [2]

5 Technology, Organization, Policy, etc. [2]

6 Smart Economy, Smart People, Smart management, Smart mobility,
Smart environment, Smart life, etc. [49]

7
Management, Technology, Governance, Policies, People, Economy, ICT
(Information and Communications Technology) infrastructure, Natural

environment, etc. [50]

8
Urban system planning, SC layout, Smart urban infrastructure planning,
Intelligent layout of public service facilities, The wisdom of urban living

environment planning, etc. [51]

9
Smart governance, Smart community and social network, Smart safety

and security, Smart mobility and traffic, Smart energy, Smart health and
welfare, Smart environmental monitoring and control, etc. [5]
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5.2.3. Step 3: The Reconstruction for Subchain

In Step 3, we reconstructed a new chain, inspired by the deconstructed chains above,
especially the one of IBM. Our new chain is human needs-oriented, where the relationship
between humans and space is fully considered; the DNA Subchain α is accomplished
(Figure 7).
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Table 3 shows more details about the DNA Subchain α and its five critical fragments.
We can see that Fragment 1 and Fragment 2 are formed by Conceptual Block, while
Fragment 3, Fragment 4, and Fragment 5 are formed by Structural Block. Fragment 1 stands
for the inner law, Fragment 2 stands for the response points, Fragment 3 stands for the
response ways, Fragment 4 stands for the spatial senses, and Fragment 5 stands for the
spatial zones.

Table 3. The instructions of the blocks and fragments for the DNA Subchain α.

Blocks
Fragments

Serial Names Meanings

Conceptual Block

Fragment 1 Inner law To develop urban utilizing technology, etc.
(The reasons it is coming for.)

Fragment 2 Response points To respond to human needs in urban activities, etc.
(The points it is aiming at.)

Structural Block

Fragment 3 Response ways

To capture and analyze signals of human needs by BD,
Cloud Computing, and so on, and respond through

IoT, etc.
(The ways it is acting through.)

Fragment 4 Spatial senses
To track human activities through mobile phones,

cameras, etc.
(The senses it is relying on.)

Fragment 5 Spatial zones The targeted urban areas, etc.
(The objectives it is working on.)
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5.3. The 3-Step Work for Getting the DNA Subchain β

We obtained the DNA Subchain β through three steps: (1) to review the functions of
TOD as clearly as we could, and to choose TOD 1.0 to 4.0 for our research; (2) to deconstruct
the functions of TOD 1.0 to 4.0 into element chains and look for their inner regulations,
(3) to reconstruct a new chain to form the DNA Subchain β.

5.3.1. Step 1: The Functional Review of TOD

In Step 1, we reviewed the functions of TOD as clearly as we could. TOD is popular but
can be a little bit tricky by turning common phrases into proper nouns by Peter Calthorpe.
There have been many studies on the different dimensions of TOD [52–56] and the case
comparisons of TOD [57–61]. Since the birth of TOD, relevant research has focused on
several core issues including (1) the definition of TOD; (2) the key connotation of TOD,
and (3) the building of the core link between TOD and urbanism. We can better integrate
TOD with urban development if we address the above issues. Based on relevant studies,
we choose the representative theoretical system of TOD, named TOD 1.0 to 4.0, which is
relatively more comprehensive by far.

TOD 1.0 is the ancestor of the system, which is as the first stage of TOD practice, it
significantly improves the accessibility and land use efficiency between cities, reduces
environmental pollution, and optimizes urban structure and resource allocation (Peter
Calthorpe, 1993). TOD 2.0 is innovated and upgraded based on TOD 1.0, being a new
vertical and three-dimensional development mode from the urban surface to underground
space. This brings people sustainable living, where Vertical City is regarded as the next
generation of cities, and it is a beautiful imagination for the sustainable development of
future cities (Gloria Serra-Coch, Charlotte Chastel, Sergio Campos, Helena Coch, 2017).
TOD 3.0 is announced by ITDP (Institute for Transportation and Development Policy)
through its Version 3.0 of TOD Standard, marking the path from complete streets to
communities (ITDP, 2017). TOD 4.0 is claimed by the Nissin company, who sets a higher
goal for the spatial design of TOD, which is to integrate the daily care of crowd behavior
by meeting the needs of transportation, services, and consumption. It will be a charming
place to showcase local culture or natural landscape and expand the urban personality and
creativity by integrating the station, city, and people (Ying Lu, 2020).

5.3.2. Step 2: The Deconstruction of the Functions of TOD

In Step 2, we deconstructed the function of TOD into chains, looking for their inner
regulations, which is administered upon TOD 1.0 to 4.0. According to TOD 1.0, the critical
elements of the chain include center, walking, compaction, utility, street, diversification,
public transport, guided by bus corridors, etc. According to TOD 2.0, the chain adds
Vertical City and so on, along with the elements in the previous version. According to
TOD 3.0, it further adds cycling, mixture, connection, density, shift, and so on, besides
those in the previous version. According to TOD 4.0, the integration of ‘Station, City and
People’ is highlighted, based on the previous version (Table 4). The evolution TOD 1.0 to
4.0 indicated that TOD 1.0 arranges and extends the spatial function around its core area,
the transportation hub center; TOD 2.0 extends to the vertical space; TOD 3.0 generates a
further functional mix with urban, and TOD 4.0 comprehensively considers the relationship
between physical space and human beings (Table 4). It is a process of continuous upgrading
and integration from TOD 1.0 to 4.0. Since the system is an ever-growing process, we can
deconstruct it into four parts with the upgraded content (Figure 8).

The selected chain can be summarized into four kinds of critical features: (1) the
TOD up-to-date feature, pointing to the integration of ‘Station, City and People’; (2) the
traffic feature, including bus priority, pedestrian priority, and so on; (3) the spatial feature,
containing vertical development and public transport corridor development and so on;
and (4) the exploit feature, consisting of the mixture, intensity, compaction, conversion and
so on.
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Table 4. The representative element chains of TOD 1.0 to 4.0 are based on the review.

Serial The Element Chains

TOD 1.0 Center, Walking, Compaction, Utility, Street, Diversification, Public Transport, Guided by Bus Corridors, etc. [34]

TOD 2.0 TOD 1.0 + ‘Vertical City’, etc. [38]

TOD 3.0 TOD 2.0 + ‘Cycling, Mixture, Connection, Density, Shift’, etc. [39]

TOD 4.0 TOD 3.0 + ‘Integration of Station, City and People’, etc. [40]
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5.3.3. Step 3: The Reconstruction for DNA Subchain β

In Step 3, we reconstructed a new chain for TOD. Inspired by the deconstructed chains
of TOD 1.0 to 4.0, our new chain is human needs-oriented, where the relationship between
humans and space is fully considered, named to be the DNA Subchain β (Figure 9). Table 5
shows the details of the DNA Subchain β and its five critical fragments. Fragment 1 and
Fragment 2 are formed by Conceptual Block, while Fragment 3, Fragment 4, and Fragment
5 are formed by Structural Block. The five fragment respectively stand for the inner law,
the response points, the response ways, the spatial senses, and the spatial zones. Although
the names of the blocks and fragments for Subchain α and Subchain β are the same, their
meanings are quite different, which contain their own attributes (Table 5).
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Table 5. The instructions for the blocks and fragments for the DNA Subchain β.

Blocks
Fragments

Serial Names Meanings

Conceptual Block

Fragment 1 Inner law To develop urban utilizing TOD, etc.
(The reasons it is coming for.)

Fragment 2 Response points To respond to human needs in urban activities, etc.
(The points it is aiming at.)

Structural Block

Fragment 3 Response ways TOD-related urban planning, traffic prediction-based research, etc.
(The ways it is acting.)

Fragment 4 Spatial senses
There are no special senses that are out of the ordinary, if any, they are

regular planning data, traffic survey data, etc.
(The senses it is relying on.)

Fragment 5 Spatial zones The targeted urban areas, etc.
(The objectives it’s working on.)

5.4. The DNA Map of S-TOD

Based on the above-mentioned findings, we looked deeply into Subchain α and
Subchain β from a philosophical perspective. We considered them to be five critical genes
of S-TOD and weaved them together (Figure 10). Since genes are the core of DNA, we can
further map the DNA of S-TOD based on these critical genes.
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Figure 10. The construction logic of the DNA of S-TOD.

We formed a helix DNA for S-TOD, through the integration of Subchain α and Sub-
chain β and the combination of their characteristics. The five fragments of the subchains
are transformed to be five critical genes of the DNA of S-TOD. Figure 11 illustrates the
DNA map of S-TOD including Gene 1 (the inner law), Gene 2 (the response points), Gene
3 (the response ways), Gene 4 (the spatial senses), and Gene 5 (the spatial zones). The
meanings of the five genes are as below:

1. Gene 1 stands for the inner law of S-TOD, which is to develop urban utilizing technol-
ogy and public transit guidance, etc. It is the reason why S-TOD is coming.

2. Gene 2 stands for the response points, which is to respond to human needs in urban
activities, etc. It contains the points at which S-TOD is aiming.
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3. Gene 3 stands for the response ways, which is to rely on TOD-related urban planning,
traffic prediction-based research, BD, Cloud Computing, IoT, etc. It is the ways
through which S-TOD is acting.

4. Gene 4 stands for the spatial senses, which is to track human activities through mobile
phones, cameras, etc. It is the senses on which S-TOD is relying.

5. Gene 5 stands for the spatial zones, which is referring to the targeted urban areas, etc.
It is the objectives on which S-TOD is working.

Land 2023, 12, x FOR PEER REVIEW 13 of 24 
 

3 (the response ways), Gene 4 (the spatial senses), and Gene 5 (the spatial zones). The 
meanings of the five genes are as below: 
1. Gene 1 stands for the inner law of S-TOD, which is to develop urban utilizing tech-

nology and public transit guidance, etc. It is the reason why S-TOD is coming. 
2. Gene 2 stands for the response points, which is to respond to human needs in urban 

activities, etc. It contains the points at which S-TOD is aiming. 
3. Gene 3 stands for the response ways, which is to rely on TOD-related urban planning, 

traffic prediction-based research, BD, Cloud Computing, IoT, etc. It is the ways 
through which S-TOD is acting. 

4. Gene 4 stands for the spatial senses, which is to track human activities through mo-
bile phones, cameras, etc. It is the senses on which S-TOD is relying. 

5. Gene 5 stands for the spatial zones, which is referring to the targeted urban areas, etc. 
It is the objectives on which S-TOD is working. 

 
Figure 11. The DNA map of S-TOD. 

6. The Structure of Smart TOD 
6.1. The Overall Structure 

SC is beyond tradition and there should be smart planning methods [62]. It is the 
same with TOD. From this point of view, S-TOD should be more than one of the corner-
stones of smart planning. We will not elaborate too much on its Conceptual Block here. 
Instead, we will focus on its Structural Block, aiming to make the structure of S-TOD clear 
for implementation. The Structural Block of genes of S-TOD includes Gene 3, Gene 4, and 
Gene 5, responding to its structure (Figure 12). The function of Gene 3 is to form the re-
sponse ways of S-TOD, that is, to rely on TOD-related urban planning, traffic prediction-
based research, BD, Cloud Computing, IoT, etc. The function of Gene 4 is to track human 
activities through mobile phones, cameras, etc. The function of Gene 5 is to form the zones 
of S-TOD, that is, to shape and frame the targeted urban areas, etc., based on the new rules 
of S-TOD. 

Figure 11. The DNA map of S-TOD.

6. The Structure of Smart TOD
6.1. The Overall Structure

SC is beyond tradition and there should be smart planning methods [62]. It is the same
with TOD. From this point of view, S-TOD should be more than one of the cornerstones
of smart planning. We will not elaborate too much on its Conceptual Block here. Instead,
we will focus on its Structural Block, aiming to make the structure of S-TOD clear for
implementation. The Structural Block of genes of S-TOD includes Gene 3, Gene 4, and Gene
5, responding to its structure (Figure 12). The function of Gene 3 is to form the response
ways of S-TOD, that is, to rely on TOD-related urban planning, traffic prediction-based
research, BD, Cloud Computing, IoT, etc. The function of Gene 4 is to track human activities
through mobile phones, cameras, etc. The function of Gene 5 is to form the zones of S-TOD,
that is, to shape and frame the targeted urban areas, etc., based on the new rules of S-TOD.
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As some scholars have suggested, what makes a city smart is not its complex architec-
ture or masterplan in a complex technical environment, but the qualitative and quantitative
collaboration established between its related subsystems [26]. Based on this idea, we pro-
pose the structure of S-TOD like a ‘column’, to detail its functions and make it more suitable
for implementation. Figure 13 shows the whole picture of the columned structural system
of S-TOD. It consists of three layers vertically and three zones horizontally, which is called
3 Layers and 3 Zones structure, shorted to be 3L3Z. On one hand, vertically, it consists of
Layer A (the cloud layer), Layer B (the tactile layer), and Layer C (the foundational layer).
Layer A is a smart layer and Layer B is an exchanging layer, which together emphasizes the
support of SC. Layer C is a comprehensive layer, highlighting the combination of SC and
TOD. On the other hand, horizontally, Layer C lies at the bottom and consists of Zone 1 (the
traffic core zone), Zone 2 (the supporting zone), and Zone 3 (the covering zone), according
to the different influence range.
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To better understand the columned structure of S-TOD, we construct its matrix in
Table 6. It indicates the vertical and horizontal associations between its three layers and
three zones. Layer A is a smart layer, characterized by Flexible Planning, Cloud Computing,
etc. Layer B is an exchanging layer, characterized by internet terminal equipment, etc. Layer
C is a comprehensive layer and contains online and offline functions that are characterized
differently according to the three zones.

Table 6. The detailed structure matrix of S-TOD.

Layers

Zones

Zone 1
(The Traffic Core Zone)

Zone 2
(The Supporting Zone)

Zone 3
(The Covering Zone)

Layer A

Key 1 Flexible Planning (Flexible urban planning and design means)

Key 2 Cloud Computing (Powerful processing abilities of Cloud Computing)

Key 3 Others (Other Internet development technologies)

Layer B
Key 1 Internet Terminal Equipment (Internet terminals including computers, mobile phones, and other

smart devices)

Key 2 Others (Other Internet terminals with similar functions)
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Table 6. Cont.

Layers

Zones

Zone 1
(The Traffic Core Zone)

Zone 2
(The Supporting Zone)

Zone 3
(The Covering Zone)

Layer C

Key 1 The Core Hub (The inner space
of the TOD hub station)

The Direct Service Area (The
parking support facilities and

other direct facilities, etc.)

The Critical Area (The area with
important urban functions)

Key 2

The Evacuation Area
(The evacuation space associated

with the core hub and the
outside space)

The Indirect Service Area (The
commercial, office, and other

facilities, etc.)

The Non-critical Area
(The area that does not have
significant urban functions)

Key 3
The Traffic Area (The accepting

traffic space outside the
TOD hub)

The Traffic Area (The accepting
traffic space)

The Traffic Area
(The accepting traffic space)

Key 4
The Online Area (Virtual space

for online human activities
relying on the Internet)

The Online Area (Virtual space
for online human activities

relying on the Internet)

The Online Area (Virtual space
for online human activities

relying on the Internet)

Key 5 Others Others Others

6.2. The Characteristics of Layer A

Layer A, named the cloud layer, is the smart center of S-TOD. On one hand, it calls for
flexible forward-looking planning. Flexible Planning is a more concentrated and distinct
embodiment of human wisdom, based on the current traditional planning system, and
injected full elastic planning elements. On the other hand, it calls for the processing ability
of Cloud Computing. The captured signal and data will be induced to form a systematic
feedback mode through complex computer algorithms and other means. This kind of
feedback can be accurately connected to the physical space entity, but also can fully respond
to human needs. Figure 14 explains the main characteristics of Layer A, including Flexible
Planning, AI, Cloud Computing, conventional computing, BD, Blockchain, programming,
and so on.
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6.3. The Characteristics of Layer B

Layer B, named the tactile layer, is the spatial sense of S-TOD which senses human
needs. Layer B mainly includes intelligent terminal equipment such as the physical equip-
ment of the Internet, IoT, urban security monitoring, and so on. Based on its characteristics,
the system captures human needs within a safe and reasonable range and transmits them
to cloud data processing. Then, the feedback of the cloud data forms the command signal,
through which the spatial instruction is conveyed to achieve the spatial response. The
main characteristics of Layer B include mobile phones, computers, pads, wireless local area
network (WLAN), cameras, induction coils, IoT, monitors, etc. (Figure 15).
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6.4. The Characteristics of Layer C

Layer C, which is named as the land zones layer, is divided into three zones, including
Zone 1 (The traffic core zone), Zone 2 (The supporting zone), and Zone 3 (The covering
zone), just as seen in Figure 16. It is based on the original TOD characteristics and re-
sponding to the smart needs of S-TOD. Layer C is the comprehensive layer of S-TOD,
highlighting the combination of SC and TOD, where four critical features stand for TOD
and another critical feature stands for SC (Figure 17). On one hand, to inherit the power of
TOD, Layer C emphasizes its critical four features: (1) the TOD up-to-date feature, pointing
to the integration of ‘Station, City and People’; (2) the traffic feature, including bus priority,
pedestrian priority and so on; (3) the spatial feature, including vertical development and
public transport corridor development and so on; and (4) the exploit feature, including
mixture, intensity, compaction, conversion and so on (Figure 17). On the other hand, Layer
C inherits the power of SC by taking in its critical feature of Six Elements, namely People,
Business, Transport, Communication, Water, and Energy, which are combined with the four
critical features of TOD above, especially with the integration of ‘Station, City and People’
(Figure 17).
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The three zones of Layer C are so important that it is necessary to describe each of
them in detail. From Zone 1 to 3, there are different characters according to their functions,
which were illustrated from Figures 18–20. Zone 1 (the traffic core zone) mainly carries the
functions of passenger flow introduction and service response for S-TOD. It often features a
bus stop or subway station, around which comprehensive three-dimensional development
will be constructed. Zone 1 forms a complex spatial structure according to the developing
needs. Its main characteristics include traffic scheduling, traffic organization, safety protec-
tion, traffic management, brand building, ecological system, intelligent system, regional
management, bus terminal, and so on (Figure 18). Zone 2 (the supporting zone) mainly
carries the traffic service function, which has evolved from single transportation services to
comprehensive urban services. Zone 2 often refers to the spatial areas and architectures
integrated with Zone 1. Its main characteristics include traffic management, road system,
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static traffic facilities, recreation, residence, office, commerce, support services, and so
on (Figure 19). Zone 3 (the covering zone) undertakes more comprehensive urban func-
tions abroad for S-TOD. Its main characteristics include the transport system, commerce,
ecological system, culture, administration, office, residence, and so on (Figure 20).
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7. Discussion

What is S-TOD? Is it ‘TOD in an SC’ or ‘TOD being smart in a common city’? It is worth
asking. The answer would depend on the characteristics of the targeted city implementing
S-TOD. If it has been sufficiently implemented with the technology of SC, then the showing
up of S-TOD would be ‘TOD in an SC’. Otherwise, it would be ‘TOD being smart in a
common city’, where the implementation of smart technologies is not sufficient.

There are many well-established organizations (e.g., C40, Eurocities, ICLEI, UN-
Habitat, SC World Expo, UK’s Cities Standards Institute, The UK’s Centre for Cities, Centre
for Digital Built Britain, Future Cities Catapult, The Smart Cities APPGS, and Scottish
Cities Alliance) to guide the moves of SC [63]. We can focus more on the cities concerned
by these organizations because they are closer to the requirements of SC, although some
controversies still exist. S-TOD in these cities can be called to be ‘TOD in an SC’.

For cities that have not received sufficient attention from professional institutions or
organizations, the development of SC is often stagnant, but it cannot be ruled out that
TOD is already there. Therefore, S-TOD here is closer to ‘TOD being smart in a common
city’. In addition, we believe that TOD can help to better spatialize SC. Despite being
all-encompassing in a considerable part of research consensus, SC is only a spatial plug-in
of a city, rather than the city itself. The spatial boundaries of SC and the spatial differences
of the subsystems of SC have not been discussed clearly, whereas TOD has done better in
this respect. Therefore, we propose S-TOD to better promote the development of SC and to
combine all available favorable resources as far as possible, especially TOD.

8. Conclusions and Further Research Agenda

The core characteristic of our paper is to put aside the kaleidoscopic integration
which is popular in the current research on SC and TOD, and to gain an inside view
into their underlying logic, to discover their essential nature and inner connections. In
addition, through applying a kind of abstract analogy similar to DNA, SC and TOD are
combined and transformed to be S-TOD, with a refined framework for further applications.
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S-TOD has something much to do with TOD 5.0 but far more than that. It will provide
a new perspective for the research and practice on SC and facilitate global sustainable
urban development.

Through employing the deconstructive method and the abductive method, this paper
proposes the conceptual framework of S-TOD, which integrates SC and TOD as its twin
sources and could exceed any of them. The research findings contribute to the existing
literature by (1) putting forward the definition of S-TOD, which integrates SC and TOD;
(2) mapping the DNA of S-TOD in a cross-boundary path to perfectly reflect the inner
relationship between S-TOD and its twin sources, and (3) building up the structure of
S-TOD with three layers and three zones.

In this study, we define S-TOD as ‘the combination of SC and TOD, cored with the
public transport hubs proposed in TOD and armed with the information and communica-
tion technology proposed in SC, where the critical features of urban are fully mixed, such as
land use, architectural functions, and activity functions, etc.’ Based on the deconstruction
of SC and TOD into functional element chains, we further integrate and reconstruct them to
be new chains. The new chains form the twin subchains for the DNA of S-TOD, including
five critical genes, namely, Gene 1 (the inner law), Gene 2 (the response points), Gene 3 (the
response ways), Gene 4 (the spatial senses) and Gene 5 (the spatial zones). Finally, we take
three functional genes from the DNA and build up a columned structure of S-TOD.

The structure of S-TOD constitutes three layers vertically and three zones horizontally,
which we defined as the 3 Layers and 3 Zones (3L3Z) structure. Layer A is the cloud layer
and includes main characteristics as Flexible Planning, AI, Cloud Computing, conventional
computing, BD, Blockchain, programming, and so on. Layer B is the tactile layer with main
characteristics such as mobile phones, computers, pads, WLAN, cameras, induction coils,
IoT, monitors, etc. Layer C is the foundational layer, which is divided into three zones, Zone
1 (The traffic core zone), Zone 2 (The supporting zone), and Zone 3 (The covering zone).
Layer C is the comprehensive layer of S-TOD. It highlights the combination of SC and TOD
and include four critical features standing for TOD and another critical feature standing
for SC. On one hand, to inherit the power of TOD, Layer C emphasizes its critical four
features: (1) the TOD up-to-date feature, pointing to the integration of ‘Station, City and
People’; (2) the traffic feature, including bus priority, pedestrian priority and so on; (3) the
spatial feature, including vertical development and public transport corridor development
and so on, and (4) the exploit feature, including mixture, intensity, compaction, conversion
and so on. On the other hand, Layer C inherits the power of SC by taking in its critical
feature of Six Elements, namely People, Business, Transport, Communication, Water, and
Energy, which are combined with the four critical features of TOD above, especially with
the integration of ‘Station, City and People’. As the research feature of this paper, the 3L3Z
system facilities the materialization of SC in the space system and interprets the concept of
TOD from the perspective of SC. This current study would provide a new perspective for
similar research and practice.

The idea of S-TOD is presenting a stronger vitality due to the integration of SC and
TOD. This paper is just the beginning of our research on S-TOD. In the future, we will
extend our work from theoretical research to practical application, and we will apply our
findings to help popularize S-TOD, even SC.

This study has obtained the S-TOD framework based on the preliminary research
of SC and TOD. There are three limitations. First, this study is mainly qualitative and
further quantitative analysis is needed for practice and policymaking. Second, an in-
depth interpretation and expansion of current research and practice is needed. Finally, an
exhaustive investigation is needed on the barriers and facilitators of the theoretical findings
on practice. Future research will be conducted based on these limitations.
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