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ABSTRACT

This is a technology-enabled classroom design which reflects
a thoughtful integration of cutting-edge audiovisual solutions
to enhance the learning environment. The inclusion of
automated audio-visual solutions indicates a commitment to
creating a seamless and efficient learning experience through
technology. The incorporation of a voice lift application
ensures clear and audible communication for the instructor,
addressing potential challenges in large classroom settings.
The use of Dante-based communication over Ethernet
signifies a high-quality and reliable audio distribution system,
enabling efficient communication within the classroom. The
inclusion of features catering to individuals with disabilities
demonstrates a commitment to creating an inclusive and
accessible learning environment. The beamforming
microphone array system with multiple elements is a
sophisticated technology that allows for effective tracking of
the active participant. This ensures that the audio focus adapts
to the speaker's location. The automatic and steerable
coverage type enhances the adaptability of the microphone
array system, automatically focusing on the speaker. This
feature contributes to an immersive and dynamic learning
experience. The support for Power over Ethernet (PoE)
simplifies the installation and management of AV devices in
the classroom. It reduces the need for additional power outlets
and cables, streamlining the overall setup. Overall, this design
prioritizes advanced audiovisual technologies to create a
unique, state-of-the-art, and inclusive technology-enabled
classroom. The focus on clear communication, adaptability,
and ease of use demonstrates a commitment to providing an
optimal learning environment for both faculty and students.

Key words: Collaborative learning, Smart Classroom,
Classroom AV  Infrastructure, interactive learning,
modernized classrooms.

1. INTRODUCTION

In summary, the study of cooperative and collaborative
learning began in the 1970s, while significant advancements in
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audiovisual technology for classroom environments started
around 2005. The introduction of processor-based AV
automation and AV switching, followed by audio and video
communication via Ethernet in the 2010s, marked major
milestones in the industry. The advent of cloud technology,
BYOD technology, and the rise of live webcasting and virtual
learning platforms have further revolutionized the field, with
MOOCs experiencing significant growth in online learning.
Leading service providers now offer cloud-based virtual
classroom platforms and services, often with limitations, for
conducting virtual classes. Additionally, technologies like
HDbaseT and IP-based identification and communication of
AV devices have opened up new opportunities for growth in
the field. The integration of audiovisual devices into existing
LAN infrastructure has become a focus of research, with the
advent of 0T driving exponential growth in audiovisual
infrastructure. Despite initial challenges, the merging of AV
and ICT infrastructure into cohesive systems has become more
streamlined with technological advancements. Indeed,
technology-enabled learning has become essential in today's
academic environment, with traditional teaching methods
becoming outdated. The continuous launch of new devices in
the audiovisual segment has significantly advanced the
learning environment. Reputed academic institutions are
prioritizing the modernization of classrooms to enhance
interactive sessions and engage students effectively.

The COVID-19 pandemic accelerated the adoption of
technology in education, with academic institutions rapidly
transitioning to virtual and hybrid classrooms. This shift
compelled faculty members to adapt to technology-enabled
learning platforms, facilitating interactive teaching tools in
virtual settings.During this period, technology leaders such as
Crestron, Extron, and AMX introduced new products to
manage the crisis, while numerous AV automation companies
worldwide initiated research and operations due to the
escalating demand in the academic audiovisual market.

The focus of this paper is to develop an advanced audiovisual
architecture and schematic for modern classrooms by
integrating the best solutions and technologies. The key
components of this architecture include:


http://www.warse.org/IJNS/static/pdf/file/ijns011332024.pdf

Sanjith S L, International Journal of Networks and Systems, 13(3), April 2024 — May 2024, 78 — 85

1. Projection and Display System: This component ensures
high-quality visual presentations and content display,
enhancing the overall learning experience.

2. Video Collaboration System: Facilitating seamless
communication and collaboration among students and
faculty, this system supports virtual classrooms and
hybrid learning models.

3. Audio Solutions with Voice Lift Technology:
Incorporating voice lift technology ensures clear and
audible communication for instructors, improving
engagement and comprehension among students.

4. Control System for Automation and Management: A
centralized control system enables automation and
management of various audiovisual components,
optimizing classroom operations and enhancing
efficiency.

By integrating these components, academic institutions can

develop modern classrooms equipped with state-of-the-art

audiovisual technology, fostering interactive and engaging
learning environments for students and faculty alike.

The development of a unique architecture for
technology-enabled collaborative learning involved a
comprehensive approach by the authors of this paper. They
embarked on a research journey that included visiting various
classrooms renowned for their advanced audiovisual
infrastructure, such as Harvard Business School, Indian
Institutes of Management (IIMs), and Indian Institutes of
Technology (11Ts). By analyzing the strengths and weaknesses
of these setups, the authors gained valuable insights into the
practical implications of different audiovisual configurations.

Additionally, the authors delved into existing research articles
and case studies within the audiovisual industry to stay abreast
of current trends and developments. This literature review
provided a deeper understanding of the ongoing advancements
in audiovisual technology and informed the design process.
The author, drawing upon their extensive experience in
technology integration, spearheaded the initial design phase.
His insights and expertise laid the foundation for the
architecture, ensuring that it aligned with best practices and
industry standards. He focusses on user-friendliness and
alignment with current teaching and learning requirements
added depth and practicality to the architecture. In this
research, the author has made significant contributions to the
field of audiovisual design and integration for academic
institutions. The key contributions are as follows:
1. Visiting Leading Academic Institutions: The author has
conducted site visits to several renowned academic
institutions to gain firsthand insights into the advancements
needed in audiovisual design and integration. By studying
the infrastructure and technologies employed at these
institutions, the authors identified areas for improvement and
innovation in audiovisual setups for educational
environments.

2. Reviewing Latest Research and Developments: Through
an extensive review of the latest research articles and
developments in the audiovisual industry, the authors
ensured that their work was informed by cutting-edge
advancements and best practices. This comprehensive
review enabled the authors to stay abreast of emerging trends
and technologies shaping the field of audiovisual design.
3. Developing a Unique Audiovisual Architecture: Drawing
upon their research findings and expertise, the authors
developed a unique audiovisual architecture tailored
specifically for academic institutions. This architecture
encompasses the selection of optimal audio, video, and
control system technologies, aimed at guiding academicians
in implementing state-of-the-art AV infrastructure in their
classrooms. By carefully curating the best-in-class
technologies, the authors provided a comprehensive
framework for creating immersive and effective learning
environments through advanced audiovisual solutions.
Overall, the contributions of this research lay the groundwork
for advancing the field of audiovisual design and integration in
educational settings. By synthesizing insights from site visits,
literature reviews, and expert knowledge, the author has
provided valuable guidance for educators seeking to enhance
their classrooms with state-of-the-art AV infrastructure.

2. MATERIALS AND METHODS
2.1 Functional Requirements and Prerequisites

Proper designing and implementation of audiovisual
infrastructure in a classroom requires careful consideration of
various factors. Below are some key prerequisites highlighted
in our paper: The layout of the classroom and seating
arrangements play a crucial role in the effectiveness of
audiovisual infrastructure. Factors such as visibility to the
projection screen and positioning of beamforming microphone
arrays need to be considered. A U-shaped seating arrangement
is recommended for better teaching and learning
comfortability, ensuring that each row is slightly elevated to
prevent obstruction of views for students sitting behind. The
ceiling height should ideally be between 9 to 10 feet to
accommodate ceiling microphones for capturing the voices of
both students and faculty effectively. A dedicated control
room with a 42U rack is essential for housing AV and IT
devices. This room serves as a centralized hub for managing
audiovisual equipment and online sessions. It should be
equipped with stage monitor speakers, camera switchers, and
joystick for the AV operator to monitor and manage classroom
activities. Since the classroom is completely closed and
air-conditioned, measures must be taken to prevent algae
formation and corrosion, especially in cable joints and
connectors. Precision air conditioning with humidity control is
recommended for long-term preservation of audiovisual
equipment and infrastructure. By considering these
prerequisites during the design and implementation phase,
academic institutions can create an optimal learning
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environment equipped with reliable and efficient audiovisual
infrastructure. This ensures a seamless and immersive
educational experience for both faculty and students.

To implement the design effectively, several infrastructure
components need to be installed in the classroom as
prerequisites. Conduits must be laid either through the ceiling
using cable trays or underground using floor raise ways to
facilitate the routing of cables for audiovisual equipment and
ICT infrastructure. The following ICT Infrastructure
Components shall also be in place to make the classroom
completely automated:

e Layer 2 Manageable Network Switches: These switches
are essential for managing and controlling network
traffic within the classroom.

e LAN Ports: LAN ports should be available on the
podium, faculty table, and student tables to provide wired
network connectivity for devices such as laptops,
computers, and other peripherals.

o WiFi Access Points: Two WiFi access points with 4X4:4
MIMO capability are recommended for high-speed
wireless internet access. They should be strategically
placed on the right and left sides of the classroom to
ensure high availability and accommodate up to 90
students.

e Surveillance Cameras: Surveillance cameras can be
installed for security purposes and to monitor classroom
activities.

o WiFi-enabled Biometric/Face Recognition Attendance
Systems: These systems can be integrated to streamline
attendance marking processes using biometric or face
recognition technology, enhancing classroom efficiency
and security.

By installing these components as per the design
specifications, the classroom can be equipped with smart
technology infrastructure that supports advanced teaching and
learning methodologies, facilitates seamless connectivity, and
enhances overall classroom experience for both faculty and
students.

The design includes several important features to enhance
faculty-student  interaction and facilitate  seamless
connectivity. A confidence monitor, approximately 40-43
inches diagonal in dimension, is positioned for the faculty to
view and duplicate content displayed on the projection system.
This provides the faculty with a clear view of what is being
presented to the students, ensuring effective communication
and teaching delivery. An interactive monitor is placed at the
front of the first row of student tables, ideally positioned in the
middle of the U-shaped table layout. This allows students to
interact with content displayed on the monitor, fostering
engagement and collaboration in the learning process.
Necessary cables are laid from the AV control room and
podium to connect the confidence monitor, ensuring seamless
integration with the audiovisual system. Wall plates with USB
Type C, USB 3.0, Display, and HDMI ports are provided in
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the podium and faculty table. These wall plates facilitate easy
connectivity for personal laptops, tablets, and external storage
devices used by faculty members during presentations and
lectures. By incorporating these features into the design, the
classroom environment is optimized for effective teaching and
learning. The inclusion of confidence and interactive
monitors, along with convenient cable connectivity options,
enhances faculty-student interaction and supports the use of
personal devices for seamless content sharing and presentation

2.2 Projection and display System

The Projection and Display Systems play a vital role in
creating a conducive learning  environment in
technology-enabled classrooms. There are various types of
projectors and display technologies available for integration,
each offering unique features and benefits:

1. Laser Projectors: Laser projectors utilize laser light
sources for projection, offering high brightness, vibrant
colors, and long-lasting performance. They are available
with LCD or LED technologies, providing options for
different display qualities and resolutions.

2. Multichip Projectors: These projectors utilize multiple
imaging chips to enhance color accuracy and image quality,
particularly in high-resolution projections.

3. Rear Projection Systems: Rear projection systems
involve projecting images onto a screen from behind, which
can be beneficial in certain classroom layouts where space
constraints or ambient lighting conditions make front
projection impractical.

4. 3D Projection Systems: 3D projection systems allow for
immersive and engaging visual experiences, enhancing
learning through interactive and dynamic content.

5. Video Walls: Video walls consist of multiple display
panels arranged in a grid, providing a large, seamless display
surface. This setup is ideal for showcasing high-resolution
content and can be customized to fit various classroom sizes
and configurations.

6. Professional Displays: Professional displays with large
dimensions and interactive functionalities offer versatile
options for classrooms. These displays can be used for both
traditional presentations and interactive learning activities,
enhancing engagement and collaboration among students.

The choice of Projection and Display Systems depends on
factors such as the size and architecture of the classroom,
brightness requirements, and specific teaching objectives. By
selecting the appropriate technology, educators can create
immersive and effective learning environments that support
diverse teaching and learning styles. Absolutely, the variety of
Projection and Display Systems available offer educators a
range of options to create engaging and effective learning
environments tailored to their specific needs. Each type of
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system comes with its own set of features and benefits,
allowing educators to select the technology that best suits their
classroom requirements. Here's a recap of the various
Projection and Display Systems:

1. Laser Projectors: Known for their high brightness,
vibrant colors, and durability, laser projectors are versatile
and offer options for different display qualities and
resolutions. They utilize laser light sources and are available
with LCD or LED technologies.

2. Multichip Projectors: These projectors use multiple
imaging chips to enhance color accuracy and image quality,
making them particularly suitable for high-resolution
projections where visual clarity is essential.

3. Rear Projection Systems: Rear projection systems project
images onto a screen from behind, making them ideal for
situations where space constraints or ambient lighting
conditions make front projection impractical. This setup
offers a seamless and unobstructed display surface.

4. 3D Projection Systems: 3D projection systems provide
immersive and engaging visual experiences, allowing
educators to incorporate interactive and dynamic content
into their teaching materials.

5. Video Walls: Video walls consist of multiple display
panels arranged in a grid, providing a large and seamless
display surface. They are suitable for showecasing
high-resolution content and can be customized to fit various
classroom sizes and configurations.

6. Professional Displays: These displays offer large
dimensions and interactive functionalities, making them
versatile options for classrooms. They can be used for both
traditional presentations and interactive learning activities,
fostering engagement and collaboration among students.

Ultimately, the choice of Projection and Display Systems
depends on factors such as classroom size, layout, brightness
requirements, and specific teaching objectives. By selecting
the appropriate technology, educators can create immersive
and effective learning environments that cater to diverse
teaching and learning styles, enhancing the overall educational
experience for students.

2.4 Video Collaboration System

The inclusion of a digital podium with a touch monitor in the
classroom design enhances the interactive capabilities for
presenters. The digital podium features a touch monitor that
allows presenters to access various inputs, including USB and
display sources from different devices such as the AV room
PC, faculty laptop, wall plate laptop, and podium PC. This
touch monitor serves as a central control hub for managing
presentation materials and interacting with content during
lectures or presentations. Soft collaboration applications like
Zoom, Google Meet, or other third-party software are installed
on any of the PCs available in the podium, AV room, or
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presenter laptop. These applications facilitate virtual
collaboration, enabling remote participants to join the session
and interact with the presenter and other attendees in real-time.
The center projector is utilized as an extended monitor to
display the presenter and virtual participants, allowing
everyone in the classroom to view them clearly. Side
projectors are dedicated to displaying presentation materials,
ensuring that content is visible from various angles and
distances within the classroom.

By integrating these components and functionalities, the
classroom design promotes effective communication and
collaboration among presenters, attendees, and remote
participants. The digital podium with touch monitor serves as a
versatile control center, enabling presenters to seamlessly
access and manage presentation materials while leveraging
soft collaboration applications for enhanced engagement and
interaction.  Additionally, the optimized projector
configuration ensures optimal visibility of both presenters and
presentation materials, enhancing the overall learning
experience for all participants.

The integration of multiple cameras for collaboration purposes
enhances the interactive capabilities of the classroom. One
camera is positioned to face the presenter, equipped with
auto-tracking functionality to ensure the presenter remains in
focus. Two additional cameras are positioned to face the
students, capturing the active participant and classroom
interactions. The camera feeds can be displayed independently
or in combined Picture-in-Picture (PIP) mode, with options for
up to Quad mode, allowing for versatile viewing during soft
collaboration sessions. The tracking of the student-facing
cameras is activated via ceiling microphones, ensuring that the
active participant is captured effectively during classroom
interactions. The presenter-facing camera is equipped with
built-in capability to track the presenter within the defined
podium area, enhancing visual clarity and engagement during
presentations. The camera system utilizes transmission via
HDMI, USB, or Ethernet, requiring suitable camera extenders
to transmit signals effectively. Video switchers and USB
switchers are employed to manage the transmission of video
and control signals between AV devices located in different
areas of the classroom and AV control room. Multi-format
switching functionality is achieved using either a single box or
multiple boxes, based on the products available in the
approved list of manufacturers. This ensures seamless
switching between different signal formats and sources during
soft collaboration sessions.USB switching and video
switching are seamless during soft collaboration sessions,
enabling easy access to respective USB peripherals and
ensuring smooth transition between different camera feeds and

display modes.By implementing these features and
functionalities, the camera system facilitates -effective
collaboration and interaction within the classroom

environment, enhancing the overall learning experience for
both presenters and participants.
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2.5. Audio System with speech lift application.

The audio setup in the classroom includes three ceiling tile
microphones and one wireless lapel microphone, each serving
specific purposes to ensure clear and effective audio capture.
The Ceiling Tile Microphones (3 Nos) are strategically
placed in the ceiling tiles to capture audio for speech lift
application and to transmit audio to far ends during video
conferencing. The microphones are equipped with digital
audio interfaces such as AES67/Dante for high-quality audio
transmission. They feature multiple microphone elements and
beamforming technology to effectively track the active
participant, ensuring clear audio capture. The coverage type is
automatic/steerable, ~ with  beamforming  technology
automatically focusing on the speaker in the room for optimal
audio quality. Additionally, these ceiling tile microphones
support power and control via Ethernet PoE (Power over
Ethernet) port, simplifying installation and management. The
wireless lapel microphone is used for speech reinforcement,
allowing the presenter to move freely around the classroom
while maintaining clear audio communication. This
microphone provides flexibility and convenience for
presenters, especially during interactive sessions or while
conducting demonstrations.

Overall, the combination of ceiling tile microphones and a
wireless lapel microphone ensures comprehensive audio
coverage in the classroom, enabling effective communication
during lectures, presentations, and interactive sessions. The
advanced features of the ceiling tile microphones, including
digital audio interface, beamforming technology, and support
for power and control via Ethernet PoE port, enhance audio
quality and ease of use in the technology-enabled learning
environment.

The digital audio mixer and DSP (Digital Signal Processor)
play a critical role in managing and enhancing audio signals in
the classroom environment. The digital audio mixer and DSP
serve as the central device for mixing and processing audio
signals from various sources. It supports Automatic Echo
Cancellation (AEC) to ensure clear and echo-free audio during
communication and soft collaboration sessions.T he system
supports digital audio over the network, facilitating seamless
integration with other audio devices and systems. It features a
minimum of 12 mic/line level analog audio inputs with AEC
and a minimum of 8 line level analog audio outputs, providing
flexibility in audio signal routing and processing. The system
is designed to support third-party ceiling microphones for
capturing local sound for far-end audio and voice lift
applications, ensuring comprehensive audio coverage in the
classroom.lt supports digital audio via network for interfacing
with ceiling array microphones using AES67/Dante protocols,
enabling high-quality audio transmission and processing. The
system is certified for compatibility with popular soft
collaboration applications such as Zoom, Microsoft Teams,
and Google Meet, ensuring seamless integration and optimal
performance during online meetings and presentations. USB
audio bridging capability allows for easy connectivity and
integration with USB audio devices, simplifying audio setup
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and configuration. Input frequency response ranges from 20Hz
to 20kHz, ensuring accurate reproduction of audio signals, and
the minimum sampling rate is 42kHz or better, ensuring
high-fidelity audio processing. The system can control and
integrate external devices using TCP/IP and RS232 protocols,
allowing for seamless management through an AV control
processor.

Overall, the digital audio mixer and DSP provide advanced
audio processing capabilities, ensuring clear, high-quality
audio in the classroom environment and seamless integration
with various audio devices and collaboration applications.

2.6. Control System and Switching

The control system in the classroom is essential for seamless
management and operation of all audiovisual (AV) devices. A
touch control panel is installed either in the podium or on the
wall for convenient access and control of all AV devices. The
touch panel is wired and supports Power over Ethernet (PoE),
ensuring reliable power supply and connectivity. It provides a
user-friendly interface for controlling various AV devices such
as projectors, displays, audio mixers, cameras, and other
equipment. An appropriate control processor is selected to
manage and coordinate all AV devices within the classroom.
The control processor acts as the central hub for receiving
commands from the touch panel and transmitting control
signals to the AV devices. It facilitates seamless integration
and communication between different AV components,
ensuring smooth operation and functionality. The graphical
user interface (GUI) programming for the touch panel is
created in consultation with the user to ensure logical and
intuitive usage of the system. The GUI is customized to meet
the specific requirements and preferences of the users,
providing easy access to essential functions and controls. It
allows users to navigate through different menus, select input
sources, adjust audiovisual settings, and control various AV
devices with ease. The GUI programming is designed to
optimize the user experience and streamline the operation of
the control system, enhancing efficiency and usability.
Overall, the control system comprising an AV switcher,
processor, and touch panel provides a comprehensive solution
for managing and operating AV devices in the classroom.
With a user-friendly interface and seamless integration, the
control system enhances the overall functionality and user
experience, ensuring efficient and intuitive control of
audiovisual equipment during lectures, presentations, and
collaborative sessions.

The Matrix Switcher serves as a crucial component in the
classroom AV setup, facilitating seamless routing of audio and
video signals to various projectors, displays, and other output
devices. The Matrix Switcher supports a minimum of 8
HDMI/HDBaseT inputs, allowing connections from podium,
faculty table, and AV control room. It also supports a
minimum of 8 HDMI/HDBaseT outputs for projectors,
displays, and the confidence monitor, ensuring flexible signal
routing according to user requirements. The switcher is
capable of handling resolutions from 1920x1080 to 4K,
accommodating any 4K input and output devices. It supports
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video transmission over Cat X cable at input and output
distances of up to 70 meters, enabling long-distance
communication within the classroom. The Matrix Switcher
features EDID management and HDCP support, ensuring
compatibility and seamless transmission of high-quality audio
and video signals. The HDBaseT output of the switcher is
compatible with the HDBaseT input of the projectors.
Alternatively, appropriate numbers of HDBaseT receivers can
be considered for all three projectors to ensure compatibility.
The switcher supports integration with a control system for
controlling AV devices. It features sufficient RS-232, IR,
GPIO, and LAN ports to accommodate the control
requirements of the connected devices. The switcher supports
a minimum of 2 de-embedded audio channels, allowing for
separate audio routing and processing as needed. The
functionalities of the Matrix Switcher can be achieved using
either a single box or multiple devices, depending on the
specific requirements and design considerations of the
classroom setup. The required control processor, whether
inbuilt or external, is integrated into the design to achieve
control functionality through the touch panel. This ensures
seamless operation and management of the AV devices within
the classroom environment. By incorporating these features
and functionalities, the Matrix Switcher plays a central role in
ensuring efficient and reliable audiovisual signal routing and
management in the technology-enabled classroom.

3. SCHEMATIC DRAWING
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Figure 1: Functional Single Line Diagram (LSD) Schematic

The interconnections are given in the above drawing (Figure
1). Using high-quality cables and mounts is crucial for
ensuring optimal performance and reliability in the
implementation of an advanced smart classroom model. Here
are some considerations for selecting and installing cables and
mounts. Invest in good quality audio and video cables that are
specifically designed for high-definition signals. Look for
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cables with proper shielding to minimize interference and
ensure signal integrity. It's essential to avoid overlapping
audio and video cables with electrical cables to prevent noise
and performance issues. Keep them separated and routed in
different paths or conduits whenever possible. Choose sturdy
and reliable mounts for securing projectors, displays, and
other AV equipment in the classroom. Ensure that mounts are
properly installed to support the weight of the equipment and
provide stability during operation. Cables should be
terminated professionally and neatly to maintain signal quality
and prevent signal degradation. Use appropriate connectors
and termination techniques, and ensure that connections are
secure and tight. Once cables are installed and terminated, it's
essential to test and verify each connection to ensure proper
functionality and signal integrity. Use testing equipment to
check for continuity, signal quality, and potential issues such
as interference or signal loss. Properly label cables and
document their routing and termination points for easy
identification and troubleshooting in the future. This helps
facilitate maintenance and troubleshooting tasks, especially in
larger installations. By following these guidelines and
investing in high-quality cables, mounts, and professional
installation practices, you can ensure that the audio and video
performance in the smart classroom meets the highest
standards and provides a seamless learning experience for
students and educators alike.

4. RELATED WORKS

Our design considerations for the technology-enabled
classroom are informed by a thorough review of relevant
literature and studies in the field. Drawing insights from
various research articles and studies provides a solid
foundation for understanding the expectations, benefits, and
challenges associated with implementing technology in
educational settings. Ganyaupfu E.M et al [1] outline teaching
methods, setting expectations for academic institutions. This
insight can guide the design of the technology-enabled
classroom to align with the pedagogical goals of higher
education. Studies by Daluba N. E. et al., Ranjit Kaur et al.,
Gupta M. et al [2][3] provide valuable insights into the
effectiveness of smart classrooms and IT-enabled services on
academic achievement among school students. This
information can help in designing a system that caters to both
higher education and school-level students. Chachra I. K et al
[4] delve into the effect of smart classroom-assisted teaching
on academic achievement. This research can inform your
design by emphasizing the impact of technology on learning
outcomes. Manohari G et al [7] explore the feasibility of
setting up smart classrooms in government schools, providing
insights into the practical aspects of implementing such
technology in diverse educational settings. Yelin Kim et al [6]
address issues and directions for engineering and education in
Al-enabled smart classrooms. This study can guide the
integration of artificial intelligence into the classroom design.
Sanjith S L et al [8] present a design for collaborative learning,
focusing on the positioning and functionality of devices. This
can contribute to the layout and features of your
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technology-enabled classroom. By integrating findings from
these studies, your design can benefit from a comprehensive
understanding of effective teaching methods, the impact of
technology on academic achievement, and practical
considerations for implementing smart classrooms in various
educational contexts. This knowledge will contribute to
creating an inclusive and effective technology-enabled
learning environment. It's clear that our design for the
technology-enabled classroom is well-informed by a variety of
recent research articles and studies, each providing valuable
insights into different aspects of educational technology and
smart classroom design. Let's summarize the key contributions
from each of these studies:

Ha Le et al [9] discuss collaborative learning practices,
focusing on effective student collaboration in teaching and
learning environments. This study provides insights into
strategies for fostering collaboration among students, which
can inform the design of your technology-enabled classroom
to promote active engagement and teamwork. Mingbao Zhang
et al [10] present a design of a smart classroom system based
on Internet of Things (IoT) technology. Their study offers
insights into the potential advantages and drawbacks of
loT-based solutions for enhancing the learning environment in
higher education settings. These insights can help refine your
design to leverage loT technology effectively. Mike
Tissenbaum et al [11] developed a smart classroom
infrastructure to support real-time collaboration, based on a
comprehensive four-year design study. Their research
provides a fresh perspective on smart classroom design,
emphasizing the importance of removing ineffective and
outdated technologies to create more streamlined and efficient
learning environments. Mukesh Kumar Saini et al [12] provide
a review of the effectiveness of smart classrooms. Their article
offers a comprehensive overview of the benefits and
challenges associated with implementing smart classroom
technologies, which can inform your design decisions and help
optimize the effectiveness of your technology-enabled
classroom. Avneet Kaur et al [13] conducted a survey on
classroom  literature,  analyzing  smart  classroom
implementations and their effectiveness. Their survey findings
offer valuable insights into current trends and best practices in
smart classroom design and implementation, which can guide
your design process to align with industry standards and
proven strategies. Zhicheng Dai et al [16] conducted a generic
study on the preferences of smart classrooms in higher
education, using China as a model. Their research provides a
clear understanding of the technological requirements and
preferences of higher education institutions, which can inform
your design to meet the specific needs of this sector
effectively. Simon K. S. Cheung et al [17] explore the
challenges and opportunities in incorporating smart elements
to shape the future learning environment. Their study offers
valuable insights into potential obstacles and innovative
strategies for leveraging technology to enhance the learning
environment, guiding your design process to address key
challenges and capitalize on emerging opportunities. Overall,
by integrating insights from these diverse research articles and
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studies, your design for the technology-enabled classroom is
well-positioned to meet the evolving needs of higher education
and create a dynamic and effective learning environment for
students and educators alike.

Protecting AV systems from environmental factors is crucial
to ensure their longevity and optimal performance. Deepa K P
et al [14], [15] & [18] highlight the formation of algae and
other environmental issues in air-conditioned environments,
which can lead to corrosion and damage to AV devices and
joints. To mitigate these risks, several measures can be taken
during installation and integration. Implementing precision
air-conditioning systems that control humidity levels can help
prevent the formation of algae and other environmental issues.
Maintaining stable environmental conditions within the AV
environment is essential for preserving equipment integrity.
Properly sealing joints and cables is essential to prevent
moisture ingress and environmental damage. Utilizing sealing
compounds or gaskets can effectively seal joints, while PVC
conduits can protect cables and connectors from
environmental factors. Implementing a regular maintenance
schedule to inspect and clean AV equipment can help prevent
the buildup of dirt, dust, and other contaminants that may lead
to corrosion or degradation of components. Utilizing
environmental monitoring systems to track temperature,
humidity, and other environmental factors can provide early
warnings of potential issues and allow for proactive
maintenance measures. Using high-quality cables, connectors,
and materials resistant to environmental factors can further
enhance the durability and reliability of AV systems in
challenging environments. By implementing these measures,
AV systems can be effectively protected from environmental
factors, ensuring their longevity and optimal performance in
air-conditioned environments.

5. RESULTS

The implementation of the sophisticated audiovisual design
outlined above in the classroom will offer numerous benefits
for effective learning. The integration of advanced
technologies such as automated audiovisual solutions,
beamforming microphone arrays, digital audio mixers, and

matrix  switchers ensures a high-quality audiovisual
experience. This immersive environment enhances
engagement and retention, fostering effective learning

outcomes. The automated features incorporated into the
design make operation intuitive and user-friendly. Faculty
members can easily manage functions independently, reducing
the need for technical assistance and streamlining the teaching
process. The sophisticated audiovisual effects contribute to
creating an engaging and dynamic learning environment.
Interactive elements such as touch control panels and digital
podiums empower both faculty and students to actively
participate in the learning process, leading to improved
comprehension and retention of course materials. The
seamless integration of audiovisual technologies and
automated features minimizes distractions and interruptions,
allowing students to maintain focus and concentration during
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classroom sessions. This conducive learning environment
promotes deeper engagement and active participation in
lessons. The implementation of the advanced audiovisual
design described above transforms the classroom into a
dynamic and effective learning space. Faculty members
benefit from intuitive operation, while students enjoy an
immersive and engaging learning experience that enhances
comprehension and retention of course materials.
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