NeuroQuantology | January 2018 | Volume 16 | Issue 1 | Page 106-112 | doi: 10.48047/nq.2018.16.1.1167
NITIN KUMAR et al/Development of a Power Management System for Autonomous loT Devices

&

Development of a Power Management
System for Autonomous loT Devices

NITIN KUMAR , Department of Electro. & Comm. Engg. , Graphic Era Hill University, Dehradun,
Uttarakhand, India 248002,

Abstract

Autonomous loT devices are those that operate independently without any human
intervention. These devices are typically powered by batteries or other energy sources and must
operate efficiently to ensure long battery life. The power management system for autonomous loT
devices must be able to manage the energy consumption of the device and maximize its operational
life. In addition to these techniques, the power management system for autonomous loT devices
may also include energy harvesting capabilities. Energy harvesting involves capturing and storing
energy from the environment, such as from solar panels or temperature differentials, and using this
energy to power the device. By incorporating energy harvesting capabilities into the power
management system, the device can potentially operate indefinitely without the need for external

power sources.
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Introduction

The Internet of Things (loT) has
revolutionized the way we interact with
technology, and autonomous loT devices are
increasingly becoming an integral part of our
daily lives. These devices are capable of
performing various tasks without human
intervention, such as monitoring
environmental conditions, managing energy
consumption, and controlling various devices
remotely. However, autonomous loT devices
require a reliable power source to function
optimally.

One of the biggest challenges in the
development of autonomous loT devices is
managing their power supply. These devices
typically rely on batteries or energy harvesting
technologies, such as solar panels, to power
their operations. However, the capacity of
these power sources is limited, and their
performance can be affected by various
factors, such as environmental conditions and
usage patterns. Therefore, it is crucial to
develop an efficient power management
system that can maximize the lifespan and
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performance of the power source, while
ensuring the uninterrupted operation of the
autonomous loT device.

This paper aims to discuss the
development of a power management system
for autonomous loT devices. We will explore
the various components and techniques
involved in designing such a system, including
power optimization, energy harvesting, and
battery management. We will also discuss the
challenges and limitations associated with the
development of a power management system
for autonomous loT devices, and the potential
solutions to overcome these challenges.
Components of a Power Management
System

A power management system for
autonomous loT devices consists of various
components that work together to optimize
the performance of the power source and
ensure the uninterrupted operation of the
device. The key components of a power
management system are:

Power Optimization: Power optimization
involves maximizing the efficiency of the
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power source and minimizing the energy
consumption of the device. This can be
achieved through various techniques, such as
reducing the voltage and frequency of the
device, optimizing the software and hardware
design, and using low-power modes when the
device is not in use.
Energy Harvesting: Energy harvesting involves
capturing and storing energy from the
environment to power the device. This can be
achieved through various technologies, such
as solar panels, thermoelectric generators,
and piezoelectric materials. Energy harvesting
can be particularly useful for autonomous loT
devices that are deployed in remote locations
or areas with limited access to power sources.
Battery Management: Battery management
involves monitoring and controlling the
performance of the battery to maximize its
lifespan and ensure its optimal performance.
This can be achieved through various
techniques, such as monitoring the battery
voltage and temperature, using charge
controllers and battery management systems,
and implementing battery-friendly charging
and discharging cycles.
Challenges and Limitations

The development of a power
management system for autonomous loT
devices is not without its challenges and
limitations. Some of the key challenges and
limitations associated with the development
of such a system include:
Limited Power Capacity: Autonomous loT
devices typically rely on batteries or energy
harvesting technologies to power their
operations. However, the capacity of these
power sources is limited, and their
performance can be affected by various
factors, such as environmental conditions and
usage patterns. Therefore, it is crucial to
develop a power management system that
can maximize the lifespan and performance of
the power source.
Energy Harvesting Limitations: While energy
harvesting can be a useful technology for
powering autonomous loT devices, it has its
limitations. The amount of energy that can be
harvested from the environment depends on
various factors, such as the availability of
sunlight, temperature, and the efficiency of
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the energy harvesting technology. Therefore,
it is important to carefully consider the
environmental conditions and the energy
requirements of the device when designing an
energy harvesting system.
Software and Hardware Limitations: The
software and hardware design of an
autonomous loT device can significantly affect
its power consumption and performance.
However, designing software and hardware
that are optimized for low-power
consumption can be challenging, particularly
for devices with complex functionalities.
Therefore, it is important to carefully consider
the software and hardware design of the

The first step in the development of a
power management system for autonomous
loT devices is to determine the power
requirements of the device. This includes
identifying the power consumption of each
component in the system, as well as the
power required for communication and data
processing. This information is then used to
design a power management system that is
tailored to the specific requirements of the
device. The power management system for
autonomous loT devices typically includes a
range of techniques that are designed to
minimize power consumption while still
providing the required functionality. These
techniques may include sleep modes, dynamic
voltage scaling, and clock gating, among
others. Sleep modes are used to reduce
power consumption when the device is not
actively processing data or communicating.
During sleep mode, the device is placed in a
low-power state, which reduces its energy
consumption. When the device needs to
perform an operation, it is brought out of
sleep mode and resumes normal operation.

Dynamic voltage scaling is another
technique that is commonly used in power
management systems for autonomous loT
devices. This technique involves adjusting the
voltage supplied to the device based on its
current processing requirements. By reducing
the voltage when the device is not actively
processing data, energy consumption can be
minimized. Clock gating is another technique
that can be wused to reduce power
consumption in autonomous loT devices. This
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technique involves disabling the clock to
specific components of the device when they
are not needed. By doing so, the power
consumption of these components can be
significantly reduced.

Literature Review

With the increasing number of loT
devices in recent years, efficient power
management systems have become a crucial
aspect of their development. Autonomous loT
devices require power management systems
that can ensure the devices operate for an
extended period without external power
sources. In this literature review, we explore
the different power management systems
developed for autonomous loT devices from
2010 to 2017.

This paper discusses the potential of
energy harvesting for autonomous systems,
including loT devices. The authors outline the
challenges associated with energy harvesting,
such as low power density and limited energy
storage capacity, and suggest solutions such
as improving energy conversion efficiency and
using multiple energy sources.[1]

The paper discusses the development
of a power management system for wireless
sensor networks (WSNs). The proposed
system uses a duty-cycling mechanism to
reduce the power consumption of WSNs. The
study shows that the duty-cycling mechanism
improves the battery life of WSNs by up to 9.4
times.[2]

The paper presents a comprehensive
energy management system for loT devices in
a home setting. The system uses machine
learning algorithms to predict user behavior
and optimize energy usage. The study shows
that the proposed system can reduce energy
consumption by up to 22%.[3]

This paper presents a power
management system for autonomous wireless
sensor networks. The system is designed to
optimize power consumption and extend the
lifetime of the sensors by using a combination
of dynamic voltage scaling, sleep mode, and
duty cycling.[4]

This paper proposes an adaptive
energy management system for loT devices
that uses machine learning algorithms to
predict the energy consumption of the device
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and adjust power usage accordingly. The
system is designed to reduce energy
consumption and extend battery life.[5]

The paper discusses the development
of an energy-efficient data management
system for loT applications. The proposed
system uses data compression and
aggregation techniques to reduce the amount
of data transmitted by loT devices, thus
reducing energy consumption. The study
shows that the proposed system can reduce
energy consumption by up to 80%.[6]

The paper presents an energy-
efficient routing protocol for WSNs. The
proposed protocol uses a hybrid routing
approach that combines hierarchical and flat
routing schemes. The study shows that the
proposed protocol can extend the battery life
of WSNs by up to 50%.[7]

The paper provides a survey of
different power management techniques for
WSNs. The study evaluates the different
techniques based on  their power
consumption, scalability, and reliability. The
survey concludes that the duty-cycling
mechanism is the most effective power
management technique for WSNs.[8]

This paper presents an energy-
efficient power management system for
wireless sensor networks that uses dynamic
power management and energy harvesting
techniques to extend the lifetime of the
sensors. The authors evaluate the system's
performance using simulation and real-world
experiments.[9]

The paper proposes a power
management framework for loT devices that
uses a combination of duty-cycling and
dynamic voltage scaling techniques. The study
shows that the proposed framework can
extend the battery life of loT devices by up to
40%.[10]

This paper describes the design and
implementation of a power management
system for loT devices that combines energy
harvesting and energy storage technologies.
The authors evaluate the system's
performance using simulations and real-world
experiments.[11]

The paper presents an adaptive
energy management system for loT devices

@ www.neuroquantology.com

108



NeuroQuantology | January 2018 | Volume 16 | Issue 1 | Page 106-112 | doi: 10.48047/nq.2018.16.1.1167
NITIN KUMAR et al/Development of a Power Management System for Autonomous loT Devices

that uses machine learning algorithms to
optimize energy usage based on user
behavior. The study shows that the proposed
system can reduce energy consumption by up
to 35%.[12]

This paper proposes an energy
harvesting power management system for loT
devices that uses a combination of solar
energy harvesting, supercapacitors, and
battery management to provide reliable and
sustainable power. The authors evaluate the
system's performance using simulations and
real-world experiments.[13]

The paper proposes a power
management system for loT devices that uses
software-defined networking (SDN) to
dynamically allocate resources. The study
shows that the proposed system can improve
energy efficiency by up to 35%.[14]

This paper proposes a power
management system for loT devices that uses
machine learning techniques to predict
energy consumption and optimize power
usage. The authors evaluate the system's
performance using simulations and real-world
experiments.[15]

The paper proposes an energy-
efficient power management scheme for loT
devices that uses a combination of duty-
cycling and adaptive voltage scaling
techniques. The study shows that the
proposed scheme can extend the battery life
of 10T devices by up to 50%.[16]
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This paper presents an optimization
framework for power management in
autonomous |oT devices that takes into
account the device's energy budget,
processing requirements, and environmental
conditions. The authors evaluate the
framework's performance using simulations
and real-world experiments.[17]

This paper provides a comprehensive
review of energy harvesting techniques for loT
devices, including solar, thermal, and kinetic
energy harvesting. The authors evaluate the
strengths and weaknesses of each technique
and discuss their potential applications in loT
devices.[18]

Proposed System

The Internet of Things (loT) has become an
essential part of our daily lives, and it has
opened up a new era of technological
development. loT devices have made our lives
easier, and they are being used in various
industries, including healthcare, agriculture,
manufacturing, and transportation.
Autonomous loT devices are particularly
useful in situations where human intervention
is not possible or where humans cannot
perform a task as efficiently as machines.
These devices are equipped with sensors,
communication devices, and microcontrollers
that enable them to communicate with other
devices and make decisions based on the data
they receive.
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Fig. 1: Power management using Al based 10T systems

One of the significant challenges facing
autonomous  loT  devices is  power
management. These devices require a
constant power supply to function correctly,
and the power source must be reliable and
efficient. Power management systems for
autonomous loT devices must be designed to
ensure that the device operates optimally
while minimizing energy consumption. This
paper proposes a power management system
for autonomous loT devices that aims to
improve the efficiency and reliability of these
devices.

Background:

Autonomous loT devices are designed to
operate independently, and they do not
require human intervention. These devices
are typically used in environments where
human intervention is not possible, such as
deep-sea exploration, space exploration, and
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hazardous waste disposal. These devices are
equipped with sensors, communication
devices, and microcontrollers that enable
them to collect data, communicate with other
devices, and make decisions based on the
data they receive.

Power management is a critical aspect of
autonomous loT devices. These devices
require a reliable power source that can
supply power continuously. The power source
must also be efficient to ensure that the
device operates optimally while minimizing
energy consumption. In  most cases,
autonomous loT devices rely on batteries as
their primary power source. However,
batteries have limited energy capacity and
must be recharged regularly. Therefore,
power management systems for autonomous
loT devices must be designed to optimize
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battery usage and ensure that the device
operates efficiently.

Proposed:

The proposed system is a power management
system for autonomous loT devices that aims
to improve the efficiency and reliability of
these devices. The system consists of two
main components: a power management unit
(PMU) and a battery management unit (BMU).
Power Management Unit (PMU):

The power management unit is responsible
for regulating the power supply to the
autonomous loT device. The PMU ensures
that the device receives the required voltage
and current while minimizing energy
consumption. The PMU achieves this by using
a power converter that converts the voltage
and current from the battery to the voltage
and current required by the device. The
power converter is designed to operate at
high efficiency to minimize energy loss during
the conversion process.

The PMU is also responsible for monitoring
the power consumption of the device. The
PMU uses sensors to measure the current and
voltage consumed by the device and
calculates the power consumption. The PMU
uses this information to optimize the power
supply to the device and ensure that the
device operates efficiently.

Battery Management Unit (BMU):

The battery management unit is responsible
for managing the battery that powers the
autonomous loT device. The BMU monitors
the battery's state of charge (SOC) and
ensures that the battery is charged and
discharged optimally. The BMU achieves this
by using a battery charger that charges the
battery when it is low on charge and a battery
discharger that discharges the battery when it
is high on charge. The BMU also ensures that
the battery is not overcharged or discharged,
as this can damage the battery and reduce its
lifespan.

The BMU uses a battery management system
(BMS) to monitor the battery's SOC and
ensure that it is charged and discharged
optimally. The BMS uses sensors to measure
the  battery's voltage, current, and
temperature and calculates the SOC. The BMS
uses this information to determine when to
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charge or discharge the battery and how
much to charge or discharge it.

The system consists of three main
components, a power source, a power storage
unit, and a power management controller.

Power Source

The power source for the system is renewable
energy sources such as solar, wind, or kinetic
energy. The choice of renewable energy
sources will depend on the location and
environmental conditions of the device. For
example, solar panels may be more suitable
for devices in sunny areas, while wind
turbines may be more suitable for devices in
windy areas. Kinetic energy can be generated
through motion, such as the movement of the
device, and can be used to power the device.
Power Storage Unit

The power storage unit is essential for the
system as it stores the energy generated by
the power source. The storage unit can be a
battery or a capacitor. The battery stores the
energy in chemical form, while the capacitor
stores the energy in an electric field. The
choice of the power storage unit will depend
on the device's power requirements, the
power source, and the device's intended use.
Power Management Controller

The power management controller is the
brain of the system. It regulates the flow of
energy from the power source to the power
storage unit and from the power storage unit
to the device. The controller monitors the
device's power consumption and adjusts the
energy flow to ensure that the device
operates efficiently. The power management
controller also ensures that the power storage
unit is charged optimally and prevents
overcharging or undercharging of the battery.
The power management controller can also
reduce energy waste by implementing energy-
saving features such as sleep modes and low-
power modes. The sleep mode reduces the
device's power consumption by putting it into
a low-power state when it is not in use. The
low-power mode reduces the device's power
consumption by reducing the device's
processing power or turning off non-essential
components.

Benefits of the Proposed Solution
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The proposed power management system
offers several benefits over traditional power
management systems. Firstly, the use of
renewable energy sources reduces the
dependence on batteries, which can be
expensive and difficult to replace. Secondly,
the power management controller regulates
the flow of energy, ensuring that the device
operates efficiently and prolongs battery life.
Thirdly, the system reduces energy waste
through the implementation of energy-saving
features, reducing power drain and
prolonging battery life.
Conclusion

The development of a power
management system for autonomous loT
devices is essential to ensuring their long-
term operation. By optimizing energy
consumption through techniques such as
sleep modes, dynamic voltage scaling, and
clock gating, as well as incorporating energy
harvesting capabilities, the power
management system can help to extend the
operational life of the device. Ultimately, the
goal of the power management system is to
enable the autonomous loT device to operate
efficiently and effectively while minimizing
energy consumption.
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