JEATSA JOURNAL

JOURNAL OF ENGINEERING ADVANCES AND TECHNOLOGIES FOR SUSTAINABLE APPLICATIONS

Volume 1, Issue 2 (April, 2025)
Print ISSN: 3062-5629

https:/jeats.journals.ekb.eg/

Online ISSN: 3062-5637

JEATSA

Journal

Energy-Efficient Design of Microwave Transceivers
for Battery-Constrained Devices

Saad A. Assi', Muhsin Selman Ali*, Hatem Ibrahim Mohammed®
1: Software Department, College of Computer Science and Information Technology, University of Kirkuk, Kirkuk, Iraq
2: Electrical Engineering Department, College of Engineering, University of Kirkuk, Kirkuk, Iraq
saadali@uokirkuk.edu.ig ,muhsinsalman86@gmail.com ,htmram@uokirkuk.edu.iq

Received 01-09-2024
Revised 09-10-2024
Accepted: 1-11-2024
Published: April-2025

Copyright © 2021 by author(s) and
Journal Of Engineering Advances And
Technologies For Sustainable Application
This work is licensed under the
Creative

Commons Attribution International
License (CC BY 4.0).
http://creativecommons.org/license

Print ISSN: 3062-5629
Online ISSN: 3062-5637

Open Access

Abstract- The power consumption of transmitters and receivers in recent years has a significant
impact on the battery life of these devices, which made the focus of the research problem on the
problems that have emerged in the recent period around the design aspects of energy-efficient
microwave transmitters and receivers as an alternative to devices with limited battery due to
increased demand. On these devices with limited batteries, which include, for example, mobile
phones, Internet of Things devices, and wearable technology, since these devices rely heavily on
wireless communications, especially microwave transmitters and receivers that rely on sending and
receiving data. Therefore, the aim of the study was to explore different design techniques and
strategies that can be used to improve the energy efficiency of microwave transmitters and receivers
in devices with limited batteries and to rely on research methodology to find mechanisms and ways
to overcome many problems by imposing new designs of microwave transmitters and receivers.
Energy-saving microcircuits for devices with limited battery capacity and relying on technologies
that have emerged in light of the research studies that focused on this field and arriving at practical
results that end with recommendations regarding this topic and comparison between the studies and
their results and the practical aspect of what the current study should reach.

Keywords- Possible Conditions For The Study, Energy Saving, Microwave Transceivers, Devices

With Limited Battery, Energy-Aware Computing, Energy Management Strategies.

1. INTRODUCTION

The design of energy saving microwave receivers is an essential
resource for the development of portable electronic devices with
high energy efficiency, which requires focusing on a
comprehensive approach to improving energy efficiency while
maintaining efficient performance, circuit size, and manufacturing
cost, and reaching the development of upcoming microwave
receivers for devices with limited batteries, given that With the
increasing prevalence of portable electronic devices, such as
smartphones and tablet computers, power supply designs are
increasingly important because microwave receivers are the main
components in many of these devices, and consume a large
amount of power, especially when wused in wireless
communications. This makes designing energy-saving microwave
receivers a great challenge, as a balance must be achieved between
energy consumption and performance efficiency. Microwave
transmitters and receivers are essential electronic devices that
have many modern applications in the fields of wireless
communications, radar systems, navigation devices, medicine,
and astronomy. It is used to convert low-frequency electrical
signals (such as: audio or video signals) into high-frequency
microwave waves through working mechanisms using local
oscillators to produce fixed-frequency microwave waves. These
waves are then mixed with the input signal (audio or video) using
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mixing circuits to produce a modified microwave wave that
carries the information of the original signal and varies depending
on the type and use. We find that transmitters have types,
including Klystron oscillators, where their applications are in
systems that require energy. High, such as magnetron oscillators
used in microwave ovens and low-power radar systems, while
solid-state oscillators are used in mobile phones and Wi-Fi
devices, due to their small size and high efficiency, through
receivers. Multiple devices that receive microwave waves and
convert them into low-frequency electrical signals through filters
to determine the frequency of the received microwave wave. This
wave is then mixed with a local signal (local oscillator) using
mixing circuits (mixers) to produce an intermediate frequency
signal (intermediate frequency) and then processing this signal
using amplifier circuits (amplifiers) and filters (filters) to restore
the original information.

While battery-powered devices are now ubiquitous, from
smartphones and tablets to wearable gadgets and wireless sensors,
these devices, which are often referred to as battery-limited
devices, are distinguished by their limited power supply and the
need to manage energy efficiently to maintain energy efficiency.
Operating life, which requires understanding many things related
to devices with a limited battery, in order to face challenges and
focus on developing and solving problems, given that these
devices have characteristics such as limited power source,
accurate consumption, and battery capacity, and precision in
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saving and consumption must be taken into account in their design
in order to improve the default life of the battery and extending
the operating life of the device. These devices represent a
breakthrough in the field of technological application because of
their impact on many industries, including applications for the
Internet of Things (IoT), which achieves communication and data
exchange across a wide range of applications. Mobile computing
also contributes to the speed of informa-tion and services,
including Communications, entertainment, and productivity, as
well as wearable technology and wireless sensor networks, in
order to benefit from this technology and overcome the difficulties
and challenges it faces in terms of saving the limited energy
budget for resources, effective use of energy and its management,
avoiding its fate of degra-dation, and maintaining long-term
design and performance, which makes clear with it Limited-
battery devices represent an integral part of modern technology.
Rather, they have shaped our daily lives and drive innovation
across various sectors, which requires focusing on the
characteristics of these devices, their challenges, and their
applications in order to arrive at an appropriate design that ensures
improving their performance, extending their lifespan, and
continuing the impact on them.

1I. SEARCH PROBLEM

Research problem: The research problem lies in focusing on the
challenges facing developments in the energy-saving design of
microwave transmitters and receivers for devices with limited
battery, which were reached in the design of energy-saving
transmitters in light of recent research, through theories and
studies based on practical applications in devices with The limited
capacity of the battery, which represents aspects of eliminating
this problem in terms of different directions to reach the highest
level of guarantee to benefit from it

o Design microwave transceivers that consume minimal
power in order to extend the battery life of mobile devices
by considering key aspects of energy-efficient design

o Considering the challenges, limitations and remedies in
designing energy-efficient microwave transceivers for
devices with limited batteries.

o Designing microwave transmitters and receivers to suit
the efficiency levels required to achieve optimal energy
efficiency as a result of using technologies to improve the
power consumption of microwave transmitters and
receivers in devices with limited batteries.

II1. AIM OF STUDY

The greatest importance in light of this study is represented by
a general concept based on “energy-saving design of microwave
transmitters and receivers for devices with limited batteries” in
light of technology and modern development in order to extend
the operational life of devices with limited battery power by
focusing on points that represent importance. The study is
summarized in three elements
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1) Use this technology in the departments specified for its
use, such as monitoring networks: The focus is on reducing
operating costs, as these energy-saving devices do
significantly reduce energy consumption in battery-
operated devices, which is reflected in lower operating
costs for the departments that use these devices [5].

2) Complete management of energy components: which is
represented by the battery life, where reaching
development in technology and focusing on energy systems
makes the battery life period work effectively and directly,
which leads to a focus on the use of adaptive modification
and coding systems, which can further improve energy
consumption under conditions Different communication
[6].

3) Machine learning skills for the efficiency of the
transceiver: This goal is consistent with linking it to the
energy saver through machine learning algorithms that
work to formulate a model for improving the energy
efficiency of the transceiver that contributes to dynamically
adjusting power consumption based on operating
conditions in real time, which leads to optimal performance
without sacrificing battery life [7].

1V. METHODOLOGY

Study design: The study is based on finding a research design
using the experimental approach to investigate the effectiveness
of different energy-saving design techniques for microwave
transmitters and receivers in devices with limited battery. The
approach was based on following an important methodology in
linking the processing tools to the variables of the study, where
their classifications in terms of independent variables according to
the power amplifier settings. And modification systems as well as
dependent variables in terms of energy consumption, type and
range of transmission according to finding causal relationships
between design mechanisms and energy efficiency.

Sample size: A carefully selected sample population that includes
a variety of battery-limited devices using microwave transceivers
is essential for a comprehensive and meaningful study on energy-
efficient design techniques An appropriate sample population for
applying study variables in the context of energy-efficient design
of microwave transceivers for battery-limited devices should
include a variety of devices that fall into this category. This will
allow a comprehensive evaluation of the effectiveness of the
proposed design techniques across different device types and
usage scenarios. Basic considerations for choosing a sample
population:

Types of devices: The sample population should include a variety
of devices with limited battery that use microwave transmitters
and receivers, such as: smartphones and mobile devices - wearable
electronics - wireless sensors

V. LITERATURE REVIEW

This is through scientific studies that dealt with the design
of energy-saving microwave transmitters and receivers,
including The studies aimed to understand a comprehensive
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overview of the latest research and developments in the design
of energy-efficient microwave transceivers for devices with
limited battery and that they represent valuable insights and
techniques for designing transceivers that can improve power
consumption, extend battery life, and enable the development
of more sustainable and efficient wireless devices, including

1)

2)

3)

4)

Wang, Z., & Jiang, H. [8]. Developing innovation Wireless
transceiver design for implantable medical devices IEEE
MTT- .This study confirmed that applying machine
learning techniques to improve energy efficiency in
microwave transceivers through... Use machine learning
algorithms Cognitive radio technology is being explored to
enable transmitters and receivers to adapt to the dynamic
spectrum environment, using unused or underutilized
frequency bands to reduce interference and improve power
consumption.to dynamically adjust transceiver power
consumption based on real-time operating conditions.
Rahayu, Y., Din, J.,, & Abdul Rahman, T. [1]. 23 GHz
transceiver system design for point-to-point microwave
link. In 4th National Conference of Telecommunication
Technology This study summarized the challenges and
opportunities associated with designing energy-efficient
microwave transmitters and receivers for battery-operated
wireless sensor networks. It provides a comprehensive
survey of various techniques for optimizing transceiver
power consumption, Adaptive modulation and coding
systems are also developed to dynamically adjust data rate
and error correction coding based on channel conditions,
maximizing data throughput while minimizing power
consumption. including adaptive modulation and coding
schemes, energy-efficient circuit design, and energy-aware
routing protocols.

Soury, A., Ngoya, E., & Rousset, J. [2]. Behavioral
modeling of RF and microwave circuit blocks for
hierarchical simulation of modern transceivers This study
specifically addresses the design of energy-efficient RF
transceivers for wireless sensor networks based on various
techniques to improve transceiver power consumption,
including adaptive power control, sleep modes, and energy-
aware data transfer protocols. Relying on new devices that
use low-power components, efficient circuit design
techniques, and power-aware signal processing algorithms
to reduce transmitter and receiver power consumption.
Chang, J., Li, L., & Ren, Y. [4]. Design of Ka-band active
imaging wideband transceiver module This study focuses
on the design of energy-efficient microwave transceivers
for Internet of Things (IoT) applications. It discusses the
challenges and opportunities associated with designing
transceivers that can support the diverse communication
requirements of IoT devices while maintaining low power
consumption Also, integrating energy harvesting
technologies, such as solar cells or piezoelectric generators,
into transmitters and receivers provides a sustainable power
source, reducing reliance on batteries and increasing energy
efficiency.
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5) Belkin, M. E., Alyoshin, A., Fofanov, D., Golovin, V., &

Tyschuk, Y. [9]. Studying microwave-photonics-based
super-wide bandwidth transceiver for high resolution radar
applications This study focuses on the design of low-power
microwave transceivers, emphasizing the importance of
energy efficiency in battery-limited devices. It covers
various aspects of low-power transceiver design, including
low-noise amplifier design, power management techniques,
and energy-efficient signal processing algorithms. Through
Software Defined Radio (SDR) Platforms SDR platforms,
with their reconfigurable hardware and software-based
signal processing capabilities, provide the flexibility to
optimize transceiver power consumption for specific
applications and operating conditions. Angles with initial
Gaussian disturbance centered at the 10th and 10th
generator at t = 3, 5, 10 and 20 seconds respectively.

VI. SAMPLE COLLECTION METHODS

It is based on taking samples that match in terms of pre-
determined criteria or characteristics. The target is transmitters
and receivers known for their energy-saving features or innovative
design techniques. This is done either in a

e Random: By taking random samples of existing
microwave transmitter and receiver designs to analyze their
energy consumption characteristics according to an
appropriate population sector Nature of Description

e Stratified description: By choosing different divisions
according to (geographical regions - population groups)
according to common and pre-determined criteria,
including dividing transmitting and receiving devices
according to factors such as frequency range - level of
energy consumption - applications in which they are used.
Then samples are taken randomly within each layer to
ensure Obtain a representative sample [10].

Study tools:

a) Create a circuit simulation program for designing

microwave transmitters and receivers Microwave circuit
diagram, where the visual representation shows an
understanding of the circuit simulation for designing
microwave transmitters and receivers, which helps to
understand the process and its importance in improving
energy efficiency through

Simulation setup model

Work on the simulation implementation and output data

Conduct all energy consumption analysis

Transceiver design improvement skills

Designing an energy-efficient transceiver

There are also simulation programs that help in designing and
simulating the behavior of complex systems with programs such
as Verilog or SystemC

b) Programming languages: Various types, including Python,
MATLAB, or C++, to work on analyzing and describing
data and developing algorithms, in order to analyze and
develop energy consumption data through algorithms that
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work to improve the energy efficiency of the transmitter and
receiver [7].

Material and methods :

Materials: Hardware prototypes: The study will involve
developing and testing hardware prototypes of microwave
transceivers incorporating different energy-efficient design
techniques. These prototypes will be based on commercially
available components or custom-designed integrated circuits.
Simulation software: Simulation software, such as MATLAB or
Cadence Virtuoso, will be used to model the behavior of the
transceivers. This will allow for the evaluation of different design
options without the need for extensive hardware testing [3].

Methods:
- Improved power amplifier (PA) efficiency

Power off techniques such as turning off PA stages or
reducing the supply voltage during idle periods to reduce
standby power consumption
Low Noise Amplifier (LNA)
Adjust bias currents for LNAs and mixers to balance noise
performance and power consumption
Improvements to digital signal processing (DSP)
algorithms [9].
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Figure (1): Basic Electrical Circuit Components

VII. STATISTICAL ANALYZES AND RESULTS

Use statistical variance tests to determine whether power
optimization techniques have a significant impact on power
consumption. Calculate the average power consumption and its
standard deviation for each component compiled from a
classification population of transceiver components to identify all
associated characteristics and then create graphs and charts.
[lustrative to present the results of statistical analyses
Analysis:

Practical methods in the study: It is based on studying the
study population by collecting a group of techniques, for example,
integrating machine learning with ID radio technology to improve
the energy efficiency of microwave transmitters and receivers
through equations (mathematics). The practical application is
limited at this stage.

With precise algorithms and mathematical models through
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1. Cognitive Radio technology
2. Dynamic adaptation of power consumption
3. Machine learning algorithms

The work dynamic is to use less power on weak channels. The
machine learning algorithm can reduce the transmission power to
improve the efficiency of data transfer while maintaining a good
connection. It also saves power during low load periods. If the
transmitter and receiver transmit a small amount of data, the
machine learning algorithm can reduce consumption. Energy in
general, as shown in the figure [7].

Techniques used to improve the energy efficiency of battery
life improvement models for wireless sensor networks. The
lifespan of the sensor network and the effectiveness of its
deployment in order to reduce energy consumption in order to
reduce the cost of replacing and maintaining batteries through the
following examples[11].

1. Baofeng UV-5R: It is a wireless transceiver with adjustable
amplifiers. It is an omni-directional antenna with an LCD
screen to display frequency and other signals, and voice
support through a microphone and speaker for voice
communication with a keypad to control frequencies and
channels. Through the formal aspect

-P2102

USBto TTL ~ ™

USR 2.0 e TTL UART 0PN Modksie
Serd Camesrter TP AT PRGAM

Figure (2): CP2102 USB to TTL Serial Converter Diagram

2- Yaesu FT-60R: This is a CTCSS/DCS transceiver for private
communication with a multi-function LCD display with
buttons to control channels and settings and a USB port for
programming and data uploading [12].

Figure (3): Model: Baofeng BL-5L
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Figure (4): Antenna connection for a Yaesu VX-8DR radio
Wireless signal transmitters and receivers are characterized by
their ability to operate at very low power capacities Machine

learning algorithms [13][14].

e  QRP (Low Power Transceiver):
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Figure (5): voltage regulator circuit using the LM317

e RFID (Radio-Frequency Identification)

Figure (6): Fundamental Circuit Components

Energy-Efficient Signal Processing Algorithms:

Energy Harvesting Transceivers: These transceivers integrate
energy harvesting mechanisms, These modules convert ambient
energy sources like solar or vibration energy into electrical power
to supplement the battery and extend device runtime. such as solar
cells vibration energy harvesting, to supplement the battery and
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extend device lifetime [15].

Lo

{3

Figure (7): Photovoltaic Cell Diagram

Energy-Efficient Circuit Design Techniques
circuit-level techniques for reducing power consumption, such

as using low-power transistors power gating and switched biasing
[17].
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Figure (8). Circuit Response to Input Signal
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Figure (9): Constant Bias vs. Switched Bias Circuits
3.Machine learning algorithm

Using Software Defined Radio (SDR) platforms : Flexible
transceivers that can be reconfigured to suit different applications.
Benefit: SDR platforms allow tuning of various operating
parameters (e.g. data rate, bandwidth) to balance performance and
power consumption based on application needs [17].



JEATSA JOURNAL

JOURNAL OF ENGINEERING ADVANCES AND TECHNOLOGIES FOR SUSTAINABLE APPLICATIONS J E AT S A

Volume 1, Issue 2 (April, 2025)
Print ISSN: 3062-5629 Online ISSN: 3062-5637

Open Access
https://jeats.journals.ekb.eg/

Figure (10): Digital Receiver Architecture

VIII. DISCUSSION OF RESULTS

e Portable transceivers used in wireless communications typically
include several important components such as transmitter,
oscillator, power amplifier, control and modulation systems, RF
amplifier, frequency demodulator, IF amplifier, and audio
amplifier. Popular examples include the Baofeng UV-5R and
Yaesu FT-60R, both of which use rechargeable batteries such
as lithium-ion or NiMH batteries. These devices are essential
for various applications, from personal communications to loT
devices where they are the key components and features

e Each component (Baofeng UV-5R) features adjustable tweeters
and an omni-directional antenna.

o It includes an LCD screen to display frequency and other
signals. It supports voice communication through the built-in
microphone and speaker. It is also equipped with a keyboard to
control frequency and channel.

e While the Yaesu FT-60R includes CTCSS/DCS transceiver
capabilities for private communications, it features a multi-
function LCD screen with buttons to control channels and
settings. It includes a USB port for programming and data
uploading and both devices feature low power consumption,
making them suitable for battery-limited environments.

IX. RECOMMENDATIONS

Emphasis on a comprehensive approach: combining various

techniques such as machine learning, adaptive modulation and

cryptography, low-power circuit design, and energy-efficient
signal processing to achieve optimal energy efficiency.

- Prioritize application-specific optimization: Customize the
design based on the specific needs of the application. This may
include balancing factors such as data rate, connection range,
and power consumption [18].

- Further research on machine learning integration: Exploring the
potential of machine learning algorithms for real-time power
management and dynamic adaptation in microwave
transceivers.

- Develop standardized design practices: Establish best practices
and design guidelines for low-power microwave transceivers to
promote broader adoption and efficiency improvements.

- Investigating alternative materials and technologies: Consider
emerging materials and technologies that can further reduce
energy consumption in transceiver components [23].
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X. CONCLUSION

Power efficiency is a critical concern for battery-powered
microwave transceivers, especially in applications with limited
battery life.Different techniques can be used to improve energy
efficiency, each with their advantages and limitations.The optimal
design approach depends on the specific application and its
requirement Continued research and development is essential to
push the limits of energy efficiency in microwave transceivers,
enabling longer battery life and wider deployment of battery-
powered devices.
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