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ABSTRACT:

The Predictive Daylight Harvesting System is an intelligent lighting control system that leverages data
analysis and prediction techniques to optimize the utilization of natural daylight in buildings. By
integrating sensors, data processing algorithms, and lighting control infrastructure, this system
accurately predicts the amount and intensity of incoming daylight and dynamically adjusts artificial
lighting levels accordingly. The goal is to minimize energy consumption while maintaining optimal
illumination and occupant comfort. This article highlights the key features and benefits of the
Predictive Daylight Harvesting System in a concise manner. It emphasizes the system's ability to
harness natural daylight effectively and reduce reliance on artificial lighting, leading to energy
savings and enhanced sustainability. The article also indicates the system's focus on occupant
comfort, as well as the integration of sensors and data analysis algorithms for accurate daylight
prediction. This article provides a brief overview of the Predictive Daylight Harvesting System and its
potential impact on energy efficiency and building performance.
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INTRODUCTION: buildings, thereby significantly reducing

In today's world, the pursuit of energy
efficiency has become a critical aspect of
sustainable building design and operation. As
organizations and individuals strive to
minimize their carbon footprint and reduce
energy consumption, innovative technologies
are emerging to address these challenges.
One such ground-breaking solution is the
Predictive Daylight Harvesting System—a
smart lighting control mechanism that
optimizes the wuse of natural daylight in
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energy consumption and promoting a greener
future.The concept of daylight harvesting has
been around for vyears, with traditional
systems using photosensors to adjust artificial
lighting levels in response to available natural
light.!

However, these systems often suffer from
limitations and inefficiencies, as they cannot
anticipate changes in daylight levels caused by
weather conditions, seasonal variations, or
building obstructions. As a result, artificial
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lighting remains unnecessarily activated or
deactivated, leading to wasted energy and
compromised visual comfort for
occupants.Recognizing the need for a more
intelligent and proactive approach, the
Predictive  Daylight Harvesting  System
leverages cutting-edge technologies such as
machine learning, computer vision, and data
analytics to predict and control lighting
conditions in real-time.2 By analyzing historical
and current data, combined with external
factors, this system accurately forecasts the
amount and intensity of incoming daylight,
allowing for precise adjustments to artificial
lighting levels and providing occupants with
an optimal lighting environment.

The foundation of the Predictive Daylight
Harvesting System lies in its sophisticated data
collection and analysis capabilities. Integrated
sensors, strategically placed throughout the
building, continuously monitor variables such
as natural light levels, occupancy patterns,
time of day, and even weather forecasts. This
data is then fed into an advanced algorithm
that employs machine learning techniques to
identify patterns, correlations, and trends.?
Over time, the system becomes increasingly
accurate in predicting daylight availability,
enabling it to make informed decisions
regarding lighting control.The benefits of
deploying a Predictive Daylight Harvesting
System are numerous and far-reaching.
Primarily, it significantly reduces energy
consumption, as artificial lighting is adjusted
in real-time to match the available natural
light. This leads to substantial cost savings on
electricity bills for building owners and
operators, making it an economically viable
solution. Moreover, by reducing energy
demand, the system also contributes to a
decreased reliance on fossil fuels, thus
lowering greenhouse gas emissions and
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combating climate change.Beyond the
environmental and financial advantages, this
intelligent lighting control system enhances
the overall occupant experience.*

By ensuring that lighting levels are always
optimal, the system creates a comfortable and
productive  environment  for  building
occupants. Daylight has been shown to
positively impact well-being, productivity, and
mood, and with the Predictive Daylight
Harvesting System, these benefits are
maximized throughout the day.Furthermore,
the Predictive Daylight Harvesting System
supports the implementation of smart
building strategies.® By integrating with other
building management systems, such as HVAC
and occupancy sensors, it enables a holistic
approach to energy management and
automation.

This interconnectedness facilitates
coordinated actions, such as adjusting
heating, cooling, and shading systems in
response to predicted daylight levels, further
enhancing energy efficiency and occupant
comfort.Predictive Daylight Harvesting System
represents a significant advancement in
intelligent lighting control technology. By
harnessing the power of data analytics and
predictive algorithms, this system optimizes
the use of natural daylight in buildings,
reducing energy consumption, improving
occupant well-being, and contributing to a
sustainable future. As organizations and
individuals continue to prioritize energy
efficiency, the Predictive Daylight Harvesting
System offers a promising solution that
combines environmental responsibility with
economic benefits, paving the way for smarter
and greener buildings.Given below is a
diagrammatic representation of a predictive
daylighting harvesting system.®
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Fig. 1 schematic representation of a predictive daylighting harvesting system

(Ref.: US 10, 448, 483 B2, dt.: Apr. 23, 2018)

PREDICTIVE DAYLIGHT HARVESTING SYSTEM:
VARIOUS METHODS
The Predictive Daylight Harvesting System
utilizes various methods and technologies to
accurately forecast and control lighting
conditions based on natural daylight
availability. Some of the key methods
employed by this intelligent lighting control
system are:

e Data Collection:
The system incorporates a network of sensors
strategically placed throughout the building to
collect relevant data. These sensors measure
parameters such as natural light levels,
occupancy patterns, time of day, and weather
conditions. The data collected forms the basis
for analysis and prediction.’

e Machine Learning:
The Predictive Daylight Harvesting System
employs machine learning algorithms to
analyze the collected data and identify
patterns, correlations, and trends. By training
on historical data, the system learns to predict
daylight availability and understand the
relationship between various factors affecting
lighting conditions.

e Computer Vision:
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Computer vision techniques are utilized to
process visual information captured by
cameras or image sensors. By analyzing
images and videos, the system can extract
valuable insights about natural light levels,
shading conditions, and obstructions that may
affect daylight availability. Computer vision
also helps in accurately determining
occupancy and movement patterns within the
building.®

e Historical Data Analysis:
The system utilizes historical data to
understand long-term trends and seasonal
variations in  daylight availability. By
considering past patterns and trends, the
system can make more accurate predictions
and adjust lighting control accordingly.’

e Real-Time Data Integration:
In addition to historical data, the Predictive
Daylight Harvesting System integrates real-
time data sources, such as weather forecasts,
to improve the accuracy of its
predictions.?Weather data enables the system
to anticipate changes in natural light levels
caused by cloud cover, precipitation, or other
meteorological factors.

¢ Intelligent Algorithms:
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The system employs advanced algorithms that
process the collected data, machine learning
models, and real-time inputs to generate
precise lighting control strategies. These
algorithms consider factors such as building
orientation, window placement, and room
usage to determine the optimal lighting
conditions for different areas within the
building.
e Lighting Control Integration:

The Predictive Daylight Harvesting System
integrates with the building's lighting control
infrastructure to adjust artificial lighting levels
in response to predicted daylight availability. It
can automatically dim or switch off artificial
lights in areas where sufficient natural light is
available, minimizing energy consumption
while maintaining optimal illumination levels.

e Building
Integration:
To achieve a comprehensive approach to
energy management and automation, the
Predictive  Daylight  Harvesting  System
integrates with other building management
systems, such as HVAC and occupancy
sensors. This integration allows coordinated
actions, such as adjusting heating, cooling,
and shading systems based on predicted
daylight levels, further optimizing energy
efficiency and occupant comfort.
By combining these  methods and
technologies, the  Predictive  Daylight
Harvesting System provides a holistic and
intelligent approach to lighting control. It
leverages data analytics, machine learning,
computer vision, and real-time inputs to
accurately forecast daylight availability and
optimize artificial lighting, resulting in
significant energy savings, improved occupant
comfort, and a more sustainable building
environment.'®

Management System

PREDICTIVE DAYLIGHT HARVESTING SYSTEM:
WHAT IS IT MADE OF?

The Predictive Daylight Harvesting System
utilizes several devices and components to
collect data, analyze information, and control
lighting levels based on predicted daylight
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availability. Here are some of the key devices
used in this system:

Sensors:

Various sensors play a crucial role in capturing
data related to natural light levels, occupancy
patterns, and other environmental factors.
These sensors can include:

e Light Sensors: Photosensors or light
meters measure the intensity of
natural light in different areas of the
building. They provide data on the
available daylight levels, which is used
to adjust artificial lighting accordingly.

e Occupancy Sensors: These sensors
detect the presence or absence of
occupants in rooms or areas. They
help determine the need for lighting
control by indicating whether a space
is occupied or vacant.

e Motion Sensors: Motion sensors
detect movement within a specific
area and can be used to determine
occupancy patterns and adjust lighting
control accordingly.

e Weather Sensors: Weather sensors
collect real-time data on external
weather conditions, such as cloud
cover, precipitation, or solar radiation.
This information is integrated into the
system to enhance the accuracy of
daylight predictions.

e Image Sensors:image sensors are
employed to capture visual
information and enable computer
vision techniques. By analyzing images
and videos, these devices provide
insights into natural light levels,
shading conditions, and obstructions
that may affect daylight availability.

Data Processing and Analysis Hardware:

The Predictive Daylight Harvesting System
requires hardware components capable of
processing and analyzing large volumes of
data. This can include:

e Central Processing Unit (CPU): A
powerful CPU is used to handle the
computational tasks involved in data
analysis, machine learning, and
algorithm processing.

e Graphics Processing Unit (GPU):
GPUs, with their parallel processing
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capabilities, are often employed to
accelerate the training and execution
of machine learning algorithms.

e Data Storage: Adequate data storage
devices, such as hard drives or solid-
state drives, are necessary to store
historical and real-time data for
analysis and future reference.

Communication Infrastructure:

The system relies on communication devices
and infrastructure to transmit data between
various components and enable real-time
updates. This includes wired and wireless
networking technologies, such as Ethernet,
Wi-Fi, or Zigbee, to facilitate seamless
communication and data exchange.

Lighting Control Devices:

To adjust artificial lighting levels based on
predicted daylight availability, the Predictive
Daylight Harvesting System interacts with the
building's lighting control infrastructure. This
can include:

e Dimmers: Dimming devices or ballasts
are used to adjust the intensity of
artificial lighting in response to natural
light levels. They can be controlled
based on the predicted daylight
availability to ensure optimal lighting
conditions.

e Lighting Controllers: Lighting control
systems, including programmable
controllers or building automation
systems, are integrated with the
Predictive Daylight Harvesting System
to manage and control artificial
lighting in different areas of the
building.

Building Management System Integration:

In addition to the devices mentioned above,
integration with other building management
systems is crucial to achieve a comprehensive
approach to energy management. These
systems may include:

e HVAC Systems: Heating, ventilation,
and air conditioning systems can be
integrated to coordinate with lighting
control based on predicted daylight
availability. This integration ensures
energy efficiency by optimizing both
lighting and HVAC operations.
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e Occupancy Sensors: Integration with
occupancy sensors allows for more
accurate occupancy detection, which
helps in optimizing lighting control
and energy usage.

e Shading Systems: Automated shading
systems can be integrated with the
Predictive Daylight Harvesting System
to adjust window coverings or blinds
based on predicted daylight levels,
optimizing natural light utilization
while minimizing glare and heat gain.

By utilizing these devices, the Predictive
Daylight Harvesting System collects data,
processes information, and interacts with the
lighting control infrastructure and other
building management systems. This
comprehensive integrationenables accurate
daylight predictions and optimal lighting
control, resulting in energy savings, enhanced
occupant comfort, and a more sustainable
building environment.

PREDICTIVE DAYLIGHT HARVESTING SYSTEM:
UNDERSTANDING ITS WORKING

The mechanism of a Predictive Daylight
Harvesting System involves a combination of
data collection, analysis, prediction, and
lighting control. The system incorporates
various sensors throughout the building to
collect data related to natural light levels,
occupancy patterns, time of day, weather
conditions, and other relevant parameters.*
These sensors can include light sensors,
occupancy sensors, motion sensors, cameras,
and weather sensors.The collected data is
processed and analyzed using advanced
algorithms and machine learning techniques.
Historical data, real-time inputs, and external
factors such as weather forecasts are
considered during the analysis. The system
identifies patterns, correlations, and trends in
the data to understand the relationship
between different variables and their impact
on daylight availability.

Based on the analysis of historical and real-
time data, the Predictive Daylight Harvesting
System predicts the amount and intensity of
incoming daylight for different areas of the
building. This prediction takes into account
factors like building orientation, window
placement, shading conditions, and
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occupancy patterns.Using the predicted
daylight availability, the system adjusts the
artificial lighting levels in the building. If
sufficient natural light is expected, the system
can dim or switch off artificial lights in specific
areas to optimize energy usage. On the other
hand, if the predicted daylight is inadequate,
the system ensures appropriate artificial
lighting is maintained to meet the desired
illumination levels.’The Predictive Daylight
Harvesting System integrates with the
building's lighting control infrastructure and
other building management systems, such as
HVAC and occupancy sensors. This integration
enables coordinated actions and automation.
For example, the system can adjust HVAC
settings, window shades, or blinds based on
predicted daylight levels to optimize energy
efficiency and occupant comfort.

The system continuously monitors the actual
daylight levels and compares them with the
predicted values. If there are deviations or
changes in the lighting conditions, the system
dynamically adjusts the artificial lighting levels
in real-time to maintain optimal illumination
and energy efficiency.Over time, the system
learns from its predictions and lighting control
adjustments. It incorporates feedback data to
improve the accuracy of future predictions
and lighting control strategies.b This adaptive
learning process enhances the system's ability
to optimize energy usage and provide optimal
lighting conditions.By following this
mechanism, the Predictive Daylight Harvesting
System maximizes the utilization of natural
daylight, reduces energy consumption,
enhances occupant comfort, and contributes
to a more sustainable and efficient building
environment.

THE PREDICTIVE DAYLIGHT HARVESTING
SYSTEM: COMPREHENDING ITS UTILITY

It has several applications and uses across
various sectors. Predictive Daylight Harvesting
Systems are widely employed in commercial
buildings such as office spaces, retail stores,
and educational institutions. These systems
optimize lighting control based on predicted
daylight availability, resulting in reduced
energy consumption, lower electricity costs,
and improved occupant comfort.
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Industrial facilities often have large spaces
with high energy demands. By implementing a
Predictive Daylight Harvesting System, these
facilities can effectively manage lighting levels
in real-time, minimizing energy usage during
periods of sufficient natural light and reducing
operational costs.The system is also applicable
to residential buildings, including single-family
homes and multi-unit residential complexes.
By intelligently adjusting artificial lighting
based on predicted daylight availability,
homeowners can lower energy consumption,
decrease utility bills, and create a comfortable
living environment.Predictive Daylight
Harvesting Systems find valuable applications
in schools, colleges, and universities. These
systems provide optimal lighting conditions
for classrooms, libraries, and other learning
spaces, enhancing the visual comfort of
students and improving their concentration
and productivity.

Hospitals, clinics, and other healthcare
facilities benefit from the implementation of
Predictive Daylight Harvesting Systems. The
systems ensure well-lit environments for
patient rooms, waiting areas, and treatment
spaces, positively impacting patient well-being
and aiding the recovery process.Retail stores
can benefit from the system's ability to
dynamically adjust lighting levels based on
predicted daylight availability.” This not only
enhances the shopping experience for
customers by providing appropriate lighting
conditions but also reduces energy costs for
store  owners.The  Predictive  Daylight
Harvesting System plays a crucial role in
sustainable building design and green building
certifications such as LEED (Leadership in
Energy and Environmental Design). By
optimizing the use of natural daylight,
buildings can achieve higher energy efficiency
ratings, reduce carbon emissions, and
contribute to a more sustainable built
environment.

The system aligns with smart city initiatives
aimed at optimizing energy consumption and
reducing the environmental impact of urban
areas. By integrating Predictive Daylight
Harvesting Systems into building
infrastructure, cities can achieve significant
energy savings, promote sustainable practices,

@ www.neuroquantology.com

345



NeuroQuantology | August 2020 | Volume 18 | Issue 8 | Page 340-349| doi: 10.48047/nq.2020.18.8.nq20246
Dr.P.Chellammal et al/ PREDICTIVE DAYLIGHT HARVESTING SYSTEM: MAXIMIZING ENERGY EFFICIENCY WITH INTELLIGENT LIGHTING

CONTROL

and enhance overall livability for residents.In
summary, the Predictive Daylight Harvesting
System is versatile in its applications, finding
uses in commercial buildings, industrial
facilities, residential spaces, educational
institutions, healthcare facilities, retail spaces,
sustainable building design, and smart city
initiatives. By optimizing lighting control based
on predicted daylight availability, the system
enables energy savings, enhanced occupant
comfort, and contributes to a more
sustainable and efficient built environment.
PREDICTIVE DAYLIGHT HARVESTING
SYSTEMS: A STORY OF HARDSHIPS?

While Predictive Daylight Harvesting Systems
offer significant benefits in terms of energy
efficiency and occupant comfort, they also
come with certain challenges. The accuracy
and reliability of data collected by sensors,
such as light sensors and occupancy sensors,
are crucial for accurate predictions and
effective lighting control. However, sensor
calibration, maintenance, and potential
environmental factors can introduce errors or
inconsistencies in data collection, impacting
the system's performance.Analyzing large
volumes of data collected from multiple
sensors and sources requires sophisticated
algorithms and  computational  power.
Implementing robust data analysis techniques
and managing the computational complexity
can be challenging, especially for real-time
processing and prediction.Predicting daylight
availability with high accuracy is a challenge
due to the dynamic and unpredictable nature
of natural light. Changes in weather
conditions, cloud cover, and seasonal
variations can impact the reliability of
predictions. Ensuring consistent and reliable
predictions is crucial for effective lighting
control and energy optimization.

Integrating the Predictive Daylight Harvesting
System with existing building infrastructure,
including lighting control systems, building
automation systems, and other management
systems, can be complex. Compatibility issues,
retrofitting requirements, and coordination
with different components and stakeholders
need to be addressed for seamless
integration.’User behavior and preferences
play a significant role in the effectiveness of
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daylight harvesting systems. Occupants may
have individual lighting preferences or
override the automated controls, impacting
energy savings. Educating and engaging
building occupants to understand the benefits
and importance of the system's operation is
essential.

Predictive Daylight Harvesting Systems can be
complex to install, configure, and maintain.
Regular calibration of sensors, software
updates, and troubleshooting can be time-
consuming and require technical expertise.
Adequate training and support for building
management personnel are necessary for
smooth operation and
maintenance.Implementing  a Predictive
Daylight Harvesting System may involve
upfront costs for sensor installation,
hardware, and software. While the system
offers long-term energy savings, the initial
investment and return on investment
calculations can be a challenge for some
building owners or managers.Buildings and
their surroundings may undergo changes over
time, such as renovations, alterations in
window placements, or modifications to
external structures. Ensuring the system's
adaptability to these changes and maintaining
its accuracy and performance can pose
challenges.Addressing  these challenges
requires careful planning, regular system
monitoring, and collaboration between
building owners, facility managers, and
technology providers. Continuous
improvement in sensor technology, data
analysis techniques, and system integration
capabilities can help overcome these
challenges and enhance the effectiveness of
Predictive Daylight Harvesting Systems.

DUBAI ELECTRICITY AND WATER
AUTHORITY'S (DEWA): A LESSON TO BE
ELARNED

The UAE has been at the forefront of
sustainable building practices and has made
significant efforts to enhance energy efficiency
in its buildings. One prominent example is the
Dubai Electricity and Water Authority's
(DEWA) Sustainable Building in Dubai.The
DEWA Sustainable Building is a landmark
project that incorporates advanced
technologies, including a Predictive Daylight
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Harvesting System, to optimize energy usage
and create an environmentally friendly
workplace. The building serves as DEWA's
headquarters and is designed to achieve LEED
Platinum certification, the highest rating for
sustainable buildings.

The Predictive Daylight Harvesting System
implemented in the DEWA Sustainable
Building combines real-time data collection,
analysis, and lighting control to maximize the
utilization of natural daylight. The system
utilizes an array of sensors, including light
sensors, occupancy sensors, and weather
sensors, to monitor natural light levels,
occupancy patterns, and external factors
affecting daylight availability.The collected
data is analyzed using advanced algorithms to
predict the amount and intensity of natural
daylight throughout the building. This
prediction is then used to dynamically adjust
the artificial lighting levels, ensuring optimal
ilumination  while  minimizing  energy
consumption. The system also integrates with
the building's shading devices to manage the
amount of daylight entering the building and
control glare.

The implementation of the Predictive Daylight
Harvesting System in the DEWA Sustainable
Building has yielded significant benefits. The
system has resulted in substantial energy
savings, reducing the building's carbon
footprint and contributing to DEWA's
sustainability goals. It has also enhanced
occupant comfort by providing appropriate
lighting levels and reducing glareThe case
study of the DEWA Sustainable Building in the
UAE demonstrates the successful
implementation of Predictive  Daylight
Harvesting Systems in a real-world context. It
showcases the effectiveness of these systems
in  optimizing energy usage, achieving
sustainability objectives, and creating a
comfortable and productive built
environment. The UAE's commitment to
sustainable development and its embrace of
innovative  technologies like  Predictive
Daylight Harvesting Systems serve as an
inspiration  for  other countries and
organizations seeking to enhance energy
efficiency in buildings.
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CONCLUSION:

In  conclusion, the Predictive Daylight
Harvesting System represents an innovative
and intelligent approach to optimizing lighting
control in buildings. By leveraging data
collection, analysis, and prediction
techniques, this system maximizes the
utilization of natural daylight while minimizing
energy consumption. It offers numerous
benefits, including energy savings, reduced
carbon  emissions, improved occupant
comfort, and enhanced sustainability.The
Predictive Daylight Harvesting System utilizes
a range of devices, including sensors, cameras,
data processing hardware, and lighting control
infrastructure, to create a comprehensive
solution.!® These devices work together to
collect data on natural light levels, occupancy
patterns, weather conditions, and other
factors influencing daylight availability.
Through advanced algorithms and machine
learning, the system analyzes this data and
predicts the amount and intensity of incoming
daylight.

By dynamically adjusting artificial lighting
levels based on predicted daylight availability,
the system ensures optimal illumination while
reducing reliance on energy-consuming
artificial lighting. This not only leads to energy
savings and cost reduction but also creates a
more comfortable and productive
environment for building occupants.However,
the implementation of Predictive Daylight
Harvesting Systems comes with its own set of
challenges. These challenges include data
accuracy and reliability, complex data analysis,
prediction accuracy, integration with building
infrastructure, user behavior and preferences,
system complexity and maintenance, and cost
considerations. Addressing these challenges
requires  careful planning, continuous
monitoring, and collaboration between
stakeholders.

Despite these challenges, the application of
Predictive Daylight Harvesting Systems has
gained momentum in various sectors,
including commercial buildings, industrial
facilities, residential spaces, educational
institutions, healthcare facilities, retail spaces,
sustainable building design, and smart city
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initiatives. The system aligns with sustainable

development goals, energy efficiency
objectives, and green building
certifications.Moving forward, further

advancements in sensor technology, data
analysis algorithms, and system integration
capabilities will continue to enhance the
effectiveness and reliability of Predictive
Daylight Harvesting Systems. As awareness of
the importance of energy efficiency and
sustainability grows, the adoption of these
systems is expected to increase, contributing
to a more environmentally friendly and
energy-conscious built environment.In
conclusion, the Predictive Daylight Harvesting
System represents a significant step toward
optimizing energy usage, improving occupant
comfort, and creating sustainable buildings. It
exemplifies the potential of intelligent systems
in  harnessing natural resources while
minimizing environmental impact.
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