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Abstract -Smart institutional campuses are transforming
into spaces that foster innovation, collaboration, and efficient
use of resources. This research explores how flexible spatial
configurations, coupled with smart technologies like IoT and
Al, can enhance creativity and productivity in these
environments. By examining the design of adaptable spaces
and their impact on human interaction, the study highlights
how modern campus layouts and technology integration can
support learning, teamwork, and innovation. While limited by
available data and rapidly changing technologies, this research
emphasizes the need for ongoing adaptation in campus design
to meet future demands.

Key Words: Smart campuses, spatial configurations, adaptable
spaces, flexible design, IoT, Al technology integration,
institutional environments.

1.INTRODUCTION

Smart campuses are changing how educational spaces
function, creating dynamic environments that encourage
collaboration and innovation. Key to this transformation are
flexible spaces that can easily adapt to different activities,
allowing students and staff to engage in both structured
learning and informal collaboration. The design of these spaces
plays a crucial role in shaping how people interact and work
together, from open areas that encourage discussion to
comfortable, well-lit zones that enhance focus.

Smart technologies, such as IoT devices and Al systems,
further improve campus efficiency by managing things like
lighting, temperature, and security, creating a seamless
experience for users. This study looks at how the combination
of thoughtful design and smart technologies can create spaces
that enhance learning and creativity, supporting the needs of
modern academic communities.

2. LITERARTURE STUDY

2.1 CONCEPTS OF SMART CAMPUS DESIGN

Technologies like cloud computing, big data, IoT, and Al
are transforming higher education institutions (HEIs),
enhancing teaching, learning, and research for students and
staff.

A smart campus is a digitally advanced university that
functions similarly to a smart city. It promotes not only
education but also innovation and lifelong learning through
programs like Living Labs. While the concept is evolving, it

generally refers to tech-driven environments that support
flexible, adaptive learning and collaboration.

In "The Making of Smart Campus: A Review and
Conceptual Framework," the authors explore the components
of smart campuses, focusing on how technologies like [oT, Al,
and cloud systems are reshaping interactions between
educators, students, and researchers. Smart campuses are
described as digitized spaces that go beyond traditional
education, fostering entrepreneurship and innovation.

Though smart campuses are on the rise, there's still limited
understanding of how they work in practice, especially in areas
like economics, environment, and governance. The study aims
to fill this gap by reviewing existing literature and proposing a
framework for better understanding and implementing smart
campuses.

The paper highlights the growing importance of smart
campuses as part of education’s digital transformation, but
notes a lack of practical implementation. By reviewing the
literature, the authors categorize smart campus research into
four areas: society, economy, environment, and governance.
They conclude that the concept is still in its early stages and
more research is needed to guide its development.

(Polin, Yigitcanlar, Limb, & Washington, 2023)
2.2 SPATIAL CONFIGURATION THEORIES

(Miia Lillstrang a, 2022)

In the paper "Spatial Configuration Theories in Architectural
Design," the concept of space syntax is explored to understand
how spatial design influences social and economic activities.
Researchers convert physical spaces into graph-based models
to study human interactions, though translating real spaces into
models is complex. Different models are required based on
specific study goals, as one model doesn't fit all.

Daniel Koch highlights challenges in spatial modelling,
including the oversimplification of theories, difficulties in
defining boundaries, balancing precision with practical use,
and the lack of comparability between models. He stresses the
need for interdisciplinary integration, combining insights from
fields like architecture and psychology to make models more
applicable to real-world settings.

Model-based reasoning uses simplified representations of
complex concepts, helping researchers explore relationships
that may not be directly observable. These models don’t
always mirror reality but provide useful insights into spatial
and social relationships.

The theoretical foundations of space syntax are rooted in
systems science and (post)structuralism. Systems science
focuses on relationships between fixed units, while
(post)structuralism emphasizes entities defined by their
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relationships within a structure. These frameworks help in
understanding how space is structured and the different
cognitive and social interactions that occur within it.

Cognition in spatial analysis examines how people perceive
and interact with spaces, with studies showing that spatial
layout impacts memory and movement patterns. Additionally,
architecture culture—shaped by geography, history, and
cultural norms—plays a key role in defining how spaces are
designed and experienced.

The paper calls for more research into the "ecologies of
modeling," which look at the interconnected factors
influencing how models are created and applied. This includes
understanding the role of aesthetics and cultural contexts in
spatial representation.

In conclusion, the paper stresses the importance of bridging the
gap between theory and practice in architectural modeling. It
highlights the complexity of defining spatial boundaries and
calls for further research into how spatial configurations
impact social, cultural, and economic processes

(KOCH, 2019)

2.3 Technological Integration in Campus Design

The paper "The Role of Machine Learning and IoT in Smart
Building Management" explores how advanced technologies
are transforming building operations, focusing on energy
efficiency, security, and overall management.

Machine Learning (ML) improves operational efficiency by
automating tasks, reducing energy consumption, and
enhancing building performance. The Internet of Things (IoT)
connects building systems for real-time monitoring, allowing
seamless control of temperature, security, and maintenance.
This integration promotes comfort and energy efficiency,
creating a more interconnected and efficient environment. [oT-
based security systems ensure safety by monitoring and
alerting occupants in emergencies, though security challenges
related to data protection remain.

Combining ML with IoT enables predictive analytics for
energy optimization, system automation, and improved
security. Al further enhances this integration by monitoring
energy use, adjusting systems based on occupancy, and
predicting maintenance needs, while also boosting safety and
user comfort. Al also supports sustainability by maximizing
renewable energy use and ensuring efficient resource
allocation.

In summary, integrating ML, IoT, and Al creates smart,
sustainable buildings that enhance energy efficiency, security,
and occupant comfort. However, challenges such as data
management and security concerns need to be addressed for
effective implementation.

Machine Learning (ML), Artificial Intelligence (Al), and 5G
are used to automate systems such as climate control and
security, improving operational efficiency. These technologies
work together to enhance the overall functionality of buildings,
making them smarter and more responsive to environmental
and occupant needs.

IoT devices play a key role in connecting building systems,
allowing for real-time data collection and communication,
which boosts operational efficiency. When combined with

smart grids, IoT helps optimize energy usage and supports
critical building systems, including safety features. The
ultimate goal is to create energy-efficient, cost-effective
buildings, with an emphasis on achieving Net Zero status to
minimize environmental impact. However, challenges such as
managing large amounts of data, ensuring robust security,
maintaining scalability, and understanding occupant behavior
need to be addressed for effective smart building management.
The paper also introduces the Smart Building Management
Framework, which highlights how technologies like 10T, Al,
and 5G contribute to efficient, secure, and user-friendly
environments. Real-time monitoring, predictive maintenance,
and energy optimization are key components of this
framework.

In summary, integrating ML, Al IoT, and 5G technology is
crucial for improving energy efficiency, security, and comfort
in smart buildings, enabling them to operate more sustainably
and intelligently.

(Mazhar, 2022)

3. TOOLS USED FOR SPATIAL ANALYSIS

3.1 Research of relationship between spatial
configuration and smart technologies

The research paper "The Role of Machine Learning, Al, and
5G Technology in Smart Energy and Smart Building
Management" explores the relationship between spatial
configuration and smart technologies, focusing on sensor
technology's role in smart buildings. Advancements in sensors,
actuators, and computing power have enabled real-time
applications in building automation, improving energy
efficiency, comfort, and security.

The paper emphasizes the importance of sensor data in smart
buildings for energy prediction and occupancy detection,
which enhance operational efficiency. However, challenges
arise in processing large amounts of sensor data, as data quality
can affect the performance of machine learning models.

A key research gap identified is the lack of analysis on the
quality of sensor data in public buildings. The study addresses
this gap by analyzing real-world data from university
campuses, highlighting the need for proper sensor selection
and data processing to support smart building management.
Two data sets, "Tellus" and "UPM," are central to the study,
evaluated for factors like periodicity, heterogeneity, and
correlations. Data quality issues, such as missing data and
outliers, are explored, as these can impact machine learning
model accuracy in optimizing building performance.

In conclusion, the paper underscores the importance of high-
quality sensor data for effective machine learning applications
in smart buildings. It offers insights into improving sensor
deployment and data analysis to enhance energy efficiency,
comfort, and overall building management.

(Miia Lillstrang a, 2022)
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3.2 Spatial analysis tools

In the research paper titled "Spatial Analysis Tools in
Architectural Education and Office Layout Design,” spatial
configuration and space syntax theory are applied to both
architectural education and government office planning.

The study highlights how Space Syntax Theory can help first-
year architecture students understand the impact of spatial
configurations on social interactions.  Traditionally,
architectural education faces a form-function divide, with
space often seen merely as a container for objects. However,
introducing students to spatial configuration early on fosters a
deeper appreciation of how spatial design influences user
experience. Through design exercises, students in an
experimental group trained with space syntax showed a better
grasp of spatial layouts, producing designs more aligned with
professional architectural standards than those trained with
traditional methods.

For government office layout design in Tulang Bawang
Barat, Indonesia, space syntax tools were used to optimize the
masterplan for an office complex serving 11 departments. This
approach analysed spatial configurations to enhance
accessibility, connectivity, and user interaction. Using
Grasshopper software, the study simulated various layouts,
focusing on parameters like integration, control, entropy, and
choice analysis to predict movement and accessibility within
the office complex. The findings indicate that these tools can
significantly improve functionality and user experience,
especially in public office environments.

In conclusion, both studies advocate for the early introduction
of space syntax in education and its practical application in
real-world architectural projects to create more responsive and
effective spatial designs.

(Nova Asriana, 2022)

CHAPTER 4: SPATIAL CONFIGURATIONS IN
INSTITUTIONAL CAMPUSES

4.1 SPACE SYNTAX -CAMPUS ZONING AND
LAYOUTS

The research paper "Spatial Configurations in Institutional
Campuses" discusses how space syntax and modern design
tools enhance campus planning. Space syntax theory helps
architects understand spatial layouts for better design, while
tools like CAD and generative systems allow for human-
machine collaboration. Data on human behaviour is also
increasingly important, especially in densely populated urban
areas.

The study uses multi-agent systems to generate campus
designs, where multiple entities work together to create
layouts. However, manual adjustments are still necessary to
meet design standards. Modular unit design is key to making
adaptable spaces that meet various needs. These units grow
based on rules about path divisions, branch directions, and
randomized dimensions, creating diverse layouts and ensuring
smooth transitions between spaces. A central core tube helps
organize the layout.

The research compares three campus layout schemes. The
single arrangement has separate buildings with good lighting
but poor connectivity. The staggered arrangement improves
connections between buildings with a "woven" design. The
forward and reverse arrangement creates a "greedy snake"
shape, with alternating layouts that provide rich spatial variety
and complex boundaries.

(Colonna, 2023)
4.2 CIRCULATION AND CONNECTIVITY

The research paper titled "Circulation and Connectivity in
Architecture” delves into how spatial layouts impact
movement and wayfinding within buildings. The study
emphasizes that understanding circulation patterns is key to
designing intuitive spaces that aid navigation. It proposes a
typology of circulation types and assesses the ease of
navigation through methods like space syntax analysis and
visibility graphs.

Key Findings:

1. Circulation Types:

o Linear Layout: Straight paths offering clear
sightlines, making it the easiest to navigate.

o Curved Layout: Constantly rotating paths
with moderate complexity, posing some
challenges to navigation.

o Grid-Based Layout: Highly structured with
multiple connections, making it the most
complex for wayfinding.

2.  Wayfinding Analysis:

o Spatial Complexity: Assessed through tools
like Isovist Analysis and Visibility Graphs,
measuring visibility and movement patterns.

o Intelligibility: How well the spatial
relationships in a layout are understood,
linking local visibility to global integration.
High intelligibility often leads to better
navigation.

3. Objective and Subjective Evaluations:

o Objective (VGA): Evaluated spatial
accessibility and complexity across layouts.

o Subjective (Participants): Users rated the
linear layout as easiest to navigate and the
grid-based as the hardest.

4. Discrepancies: While the grid layout was objectively
moderate in complexity, participants found it the most
challenging due to its visual and spatial intricacies,
highlighting that aesthetics and user perceptions play
arole in wayfinding.

In conclusion, the study reveals the importance of balancing
spatial clarity with aesthetic appeal and suggests that further
research, incorporating 3D perspectives, is needed to fully
understand how circulation types influence navigation in real-
world settings.

After evaluating the designs, the forward and reverse
arrangement was found to be the best due to its rich spatial
quality, complexity, and good lighting. This study shows that
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combining space syntax with advanced design tools can create
efficient, user-friendly campus designs.

(Asya Natapov, 2019)
4.3 SPACE FLEXIBILITY AND ADAPTABILITY

The research paper "Space Flexibility and Adaptability in
University Campuses" presents the following key points:

e (Case Study Overview:
The study focuses on two historical architectural schools in
Istanbul: Taskisla (ITU) and MSGSU.
Taskisla (ITU): Originally a military hospital, now an
architectural faculty with a central courtyard that promotes
integration.
MSGSU: A seaside campus home to the School of Fine Arts,
where outdoor spaces connect strongly to the natural
environment.

e Key Concepts:
Functional Attractiveness: Describes how appealing a space is
based on its function (e.g., cafeterias, exhibition areas).
Real Integration (RI): Measures the visual accessibility of
spaces from different points, showing how spaces are
connected.

e Methodology:
Spatial analysis tools and statistical evaluations (SPSS) were
used to understand how students occupy and interact within
these spaces.
E-partition and isovist techniques were applied to analyze
spatial data.

e Impact of Weather:
Rainy Days: Students preferred functional indoor spaces, like
cafeterias, even though these spaces had lower visibility (RI).
Clear Days: Outdoor spaces with higher RI values, such as
courtyards, saw more usage, emphasizing the importance of
visual and environmental factors.

e  Student Preferences:
ITU Students: Favored well-defined indoor areas.
MSGSU Students: Preferred outdoor spaces and interfacing
areas, especially those with scenic views like the Bosphorus.

e Design Influence:
ITU's symmetrical design with a central courtyard supports
spatial integration.
MSGSU’s narrow corridors and open outdoor spaces
encourage movement and student interactions.

e Interfacing Spaces:
Interfacing spaces (connecting indoor and outdoor areas) are
vital for social interactions when designed well. Otherwise,
they function mainly as circulation zones.

e  Conclusion:
Architectural designs that incorporate functional, aesthetic, and
natural elements foster better space usage and social
engagement. Flexible and adaptable campus designs are
essential in enhancing student interaction and optimizing the
use of both indoor and outdoor spaces.
(Alper Unlii, 2009)

5: HUMAN BEHAVIOUR IN SMART CAMPUS

51 A FIELD STUDY ON THE EFFECT OF
BUILDING AUTOMATION ON PERCEIVED
COMFORT AND CONTROL IN INSTITUTIONAL
BUILDINGS

The research paper "Human Behaviour in Smart Campus: A
Field Study on the Effect of Building Automation on Perceived
Comfort and Control in Institutional Buildings" provides the
following key findings:

e Impact of Automation on Comfort and Control:
Building automation aims to improve energy
efficiency and comfort, but it also reduces the control
occupants have over their environment. Some suggest
this lower control lowers expectations, while others
argue it decreases satisfaction.

e  Study Overview: The study involved 170 occupants
across 23 institutional buildings at a Canadian
university. It assessed how office layouts and control
options (like thermostats and operable windows)
influence comfort. Interviews highlighted design
issues such as inaccessible controls and over-reliance
on occupant knowledge.

e Key Findings on Comfort and Satisfaction by Office
Type: Private offices: Showed the highest levels of
comfort (65%) and satisfaction (68%), with the most
control (44%). Shared offices: Reported the lowest
comfort (39%) and satisfaction (48%). Open-plan
offices: Had moderate control (29%) but struggled
with acoustics and privacy issues.

e Control and Comfort Correlations: Strong correlation
between comfort and satisfaction (r = 0.7). Moderate
correlation between comfort and perceived control (r
= 0.38). Thermal comfort was rated the lowest, with
thermostats often viewed as ineffective.

e Adaptive Control Opportunities: Offices with manual
blinds and thermostats had higher comfort.Operable
windows improved air quality but didn’t solve all
discomfort issues. Many occupants resorted to
personal fans or heaters due to insufficient thermostat
control.

e Preferences for Automation and Control: Most
occupants preferred manual controls over automated
systems. While 76% were open to app-based control,
only 46% favored voice control due to privacy
concerns.

e Insights from the Study: Building Automation:
Occupants wanted personalized control to override
automated systems for comfort and energy efficiency.

e Occupant Adaptations: Discomfort led to unsafe
behaviors like blocking vents, highlighting design
flaws.

e Design  Considerations:  Addressing  privacy,
acoustics, and accessible controls early in the design
process can improve both comfort and energy
performance.

e In summary, the study highlights the need to balance
automation with flexible, user-friendly controls to
enhance both occupant satisfaction and building
efficiency.
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(Ruth Tamas, 2019)

Table -1: Sample Table format

Fig -1: Figure

3. CONCLUSIONS

The online version of the volume will be available in LNCS
Online. Members of institutes subscribing to the Lecture
Notes in Computer Science series have access to all the pdfs
of all the online publications. Non-subscribers can only read
as far as the abstracts. If they try to go beyond this point, they
are automatically asked, whether they would like to order the
pdf, and are given instructions as to how to do so.
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