www.ijcrt.org © 2019 IJCRT | Volume 7, Issue 4 November 2019 | ISSN: 2320-2882

Energy Consumption Analysis Using Arm-Based
Embedded Systems

LVithalani Paresh Keshar, 2S. G. Prakash

Senior Grade Lecturer, 2Senior Grade Lecturer
12 Department of Electronics & Communication Engineering
12 Govt polytechnic, Raichur, Karnataka, India

Abstract:

Energy efficiency has become a critical design consideration in embedded systems due to the increasing
demand for low-power and portable electronic devices. ARM-based processors are widely adopted in
embedded applications because of their reduced power consumption, high performance, and flexible
architecture. This paper presents an experimental analysis of energy consumption in an ARM-based
embedded system under different operating conditions. The proposed system evaluates power usage by
monitoring voltage and current parameters while executing various computational tasks and operating modes
such as active, idle, and sleep states.

The hardware platform is developed using an ARM-based microcontroller with peripheral interfaces and a
regulated power supply unit. Software routines are designed to control task execution and record power-
related parameters for analysis. The collected data is used to compare energy consumption across different
functional modes and workload conditions. Experimental results demonstrate that significant power savings
can be achieved by optimizing operating modes and task scheduling in ARM-based embedded systems.

The outcomes of this study provide useful insights for designing energy-efficient embedded applications,
particularly in battery-operated and low-power environments. The proposed analysis approach can be
effectively applied to industrial automation, portable devices, and embedded monitoring systems.

Index Terms - ARM Processor, Embedded Systems, Energy Consumption, Power Analysis, Low Power
Design, ARM-Based Microcontroller, Energy Efficiency.

l. INTRODUCTION

Embedded systems play a vital role in modern electronic applications such as industrial automation, consumer
electronics, medical devices, and portable instruments. These systems are often required to operate
continuously while maintaining low power consumption, especially in battery-operated and resource-
constrained environments. As the demand for compact and energy-efficient devices increases, power
management has become a major design challenge in embedded system development.

ARM-based processors have emerged as a popular choice for embedded applications due to their reduced
instruction set architecture, high performance per watt, and flexible power management features. Compared
to traditional microcontrollers, ARM-based systems offer multiple operating modes that allow designers to
balance processing performance and energy consumption. Efficient utilization of these features can
significantly extend battery life and reduce overall power usage.

Energy consumption in embedded systems is influenced by several factors, including processor clock
frequency, peripheral usage, workload characteristics, and software execution behavior. In many practical
applications, the processor does not operate continuously in active mode, but frequently switches between
active, idle, and low-power sleep states. Therefore, analyzing energy consumption under different operating
conditions is essential for understanding system behavior and identifying opportunities for power
optimization.

This paper focuses on the experimental analysis of energy consumption in an ARM-based embedded system.
The study evaluates power usage by measuring voltage and current parameters while executing different tasks
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and operating modes. The objective is to analyze how various system states and workloads affect overall
energy consumption and to demonstrate the importance of power-aware design in ARM-based embedded
platforms. The findings of this work aim to assist designers in developing energy-efficient embedded systems
for real-world applications.

Il. LITRATURE REVIEW

Several studies have been conducted to analyze and reduce energy consumption in embedded systems,
particularly focusing on low-power microcontrollers and processor architectures. Earlier research emphasized
hardware-level power optimization techniques such as voltage scaling, clock gating, and peripheral shutdown
to reduce overall energy usage in embedded platforms.

ARM architecture has been widely studied due to its energy-efficient design and suitability for portable and
battery-operated applications. Researchers have highlighted that ARM processors consume significantly
lower power compared to traditional CISC-based architectures while providing comparable computational
performance. Studies on ARM7 and ARM9-based systems have demonstrated that effective utilization of
sleep and idle modes can result in substantial energy savings.

Various authors have proposed software-based power management techniques, including dynamic frequency
scaling and task scheduling, to minimize energy consumption. These techniques focus on reducing processor
activity during idle periods and optimizing code execution to lower switching activity within the processor.
Experimental evaluations have shown that software optimization plays a crucial role in achieving energy-
efficient system performance.

Energy measurement and monitoring techniques have also been explored in existing literature. Many studies
employ current sensing circuits and external measurement tools to monitor real-time power consumption of
embedded systems. These measurements help in analyzing the impact of different workloads and operating
conditions on energy usage. Such approaches provide valuable insights for system designers to evaluate power
consumption trends.

Despite existing research on energy-efficient embedded systems, limited work has been reported on detailed
experimental analysis of energy consumption across different operating modes using ARM-based
microcontrollers in practical setups. Most studies focus either on theoretical models or simulation-based
evaluations. Therefore, there is a need for experimental validation of energy consumption behavior in ARM-
based embedded systems under real-time operating conditions, which forms the motivation for the present
work.

I11. PROBLEM STATEMENT & OBJECTIVES

PROBLEM STATEMENT

With the increasing use of embedded systems in portable and real-time applications, energy consumption has
become a critical concern for system designers. Many embedded devices operate under limited power sources
such as batteries, where inefficient energy usage directly affects system reliability and operational lifetime.
Although ARM-based processors provide multiple low-power operating modes, these features are often
underutilized due to inadequate understanding of energy consumption behavior under different workloads and
system states.

In practical implementations, embedded systems frequently switch between active, idle, and sleep modes
depending on task requirements. However, improper task scheduling, continuous peripheral activation, and
inefficient software execution can lead to unnecessary power consumption. Moreover, there is a lack of
experimental studies that clearly quantify energy consumption variations across different operating modes in
ARM-based embedded systems using real-time measurements.
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Therefore, there is a need to systematically analyze and evaluate energy consumption in ARM-based
embedded platforms under various operating conditions. Such analysis is essential to identify power-intensive
operations and to support the design of energy-efficient embedded systems for real-world applications.

OBJECTIVES
The primary objectives of this research work are as follows:

To design and implement an ARM-based embedded system for analyzing energy consumption.

To measure voltage and current parameters for evaluating power usage during system operation.

To analyze energy consumption under different operating modes such as active, idle, and sleep states.
To study the impact of task execution and peripheral usage on overall power consumption.

To compare energy usage patterns under varying workload conditions.

To demonstrate the importance of power-aware design in ARM-based embedded systems.
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V. SYSTEM OVERVIEW
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The proposed system is designed to analyze energy consumption in an ARM-based embedded platform by
monitoring electrical parameters under different operating conditions. The system integrates hardware and
software components to measure voltage and current while executing predefined tasks. Based on the measured
parameters, power and energy consumption are evaluated for various operating modes. The overall
architecture focuses on simplicity, reliability, and accurate data acquisition, making it suitable for
experimental analysis in embedded environments.

The system operates by supplying regulated power to the ARM-based controller and associated peripherals.
Current and voltage sensing units are used to capture real-time power parameters, which are processed by the
controller and recorded for further analysis. Different operating modes such as active, idle, and sleep are
configured through software to study their impact on energy consumption.

e ARM-Based Embedded System Architecture

The ARM-based embedded system consists of a microcontroller unit, power supply module, sensing circuitry,
and peripheral interfaces. The ARM microcontroller acts as the central processing unit, responsible for
executing application tasks, controlling operating modes, and managing data acquisition. A regulated power
supply ensures stable voltage levels required for reliable system operation.
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Peripheral modules such as sensors, display units, and communication interfaces are connected to the
microcontroller to simulate real-world workload conditions. The system software controls peripheral
activation and deactivation to analyze their contribution to overall energy consumption. The ARM processor
supports multiple power-saving modes, which are selectively enabled to evaluate energy efficiency under
different operational scenarios.

The architecture is designed to allow smooth transition between operating modes while maintaining system
stability. This enables accurate observation of energy consumption patterns associated with each mode. The
modular structure of the system ensures ease of implementation and flexibility for experimental evaluation.

e Power Measurement Methodology

Power measurement in the proposed system is performed by monitoring voltage and current parameters of
the embedded platform. A current sensing circuit is placed in series with the power supply to measure the
current drawn by the system. The voltage across the supply terminals is measured using a voltage sensing
unit. These parameters are sampled periodically by the ARM controller through its analog-to-digital converter
(ADC).

The instantaneous power consumption is calculated using the product of measured voltage and current values.
Energy consumption is then determined by integrating power over the execution time of specific tasks.
Measurements are carried out for different operating modes, including active, idle, and sleep states, to
compare energy usage patterns.

To ensure consistency, measurements are taken under controlled conditions with fixed supply voltage and
defined task execution intervals. The collected data is logged and analyzed to evaluate the impact of workload
and operating modes on energy consumption. This methodology provides a practical and reliable approach
for experimental energy analysis in ARM-based embedded systems.

V. HARDWARE DESIGN

Hardﬁwarfe Design of the ARM-Based Embedded Energy Monitoring System
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The hardware design of the proposed system focuses on reliable operation and accurate measurement of
energy consumption in an ARM-based embedded platform. The system integrates an ARM microcontroller,
regulated power supply, sensing units, and peripheral interfaces to enable real-time monitoring and analysis
of power usage. Each hardware component is selected to ensure stability, low power operation, and ease of
implementation.

5.1 ARM Processor Description (LPC2148 / ARM7 / Cortex-M)

The core of the system is an ARM-based microcontroller, such as LPC2148, which is based on the
ARMT7TDMI-S architecture. The ARM7 processor is widely used in embedded applications due to its low
power consumption, high performance, and efficient instruction set. It supports both 32-bit ARM and 16-bit
Thumb instruction sets, enabling optimized code execution with reduced memory and power requirements.

The LPC2148 microcontroller integrates on-chip Flash memory, SRAM, multiple I/O ports, timers, UARTS,
SPI, I12C interfaces, and a built-in Analog-to-Digital Converter (ADC). These features make it suitable for
real-time data acquisition and power monitoring applications. The availability of different power-saving
modes such as idle and power-down modes allows effective analysis of energy consumption under varying
operating conditions.

5.2 Power Supply and Regulation Unit

A stable and regulated power supply is essential for accurate energy measurement and reliable system
operation. The power supply unit converts the input AC or DC source into a regulated DC voltage suitable
for the ARM microcontroller and peripheral components. Voltage regulators are used to maintain constant
output voltage levels despite variations in input supply or load conditions.

Proper filtering capacitors are employed to reduce noise and voltage fluctuations. The regulated power supply
ensures consistent performance of the microcontroller and prevents measurement errors during power
analysis. This unit plays a crucial role in maintaining system stability throughout the experimental evaluation.

5.3 Sensor and Peripheral Interface

The system includes voltage and current sensing units to monitor power consumption parameters. The voltage
sensor measures the supply voltage provided to the embedded system, while the current sensor measures the
current drawn by the system during operation. These sensors are interfaced with the ADC channels of the
ARM microcontroller.

Peripheral devices such as display units and communication modules are connected to the microcontroller to
simulate practical workload conditions. Interfaces like UART, SPI, and GPIO are used for peripheral
communication and control. The activation and deactivation of peripherals are controlled through software to
analyze their impact on energy consumption.

5.4 Energy Monitoring Circuit

The energy monitoring circuit is designed to measure real-time power consumption of the ARM-based system.
A current sensing resistor or current sensor module is placed in series with the power supply line to sense
current flow. The voltage across this sensor is proportional to the current drawn by the system and is fed to
the ADC of the microcontroller.
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Similarly, the supply voltage is monitored using a voltage divider circuit to ensure safe voltage levels for
ADC input. The microcontroller processes the sampled voltage and current values to calculate instantaneous
power and total energy consumption. This circuit enables continuous monitoring and analysis of energy usage
under different operating modes, forming the basis for experimental evaluation in the proposed system.

VI. SOFTWARE DESIGN

The software design of the proposed system focuses on efficient firmware development and reliable data
acquisition for analyzing energy consumption in an ARM-based embedded platform. The embedded software
controls task execution, manages operating modes, acquires voltage and current data, and performs power and
energy calculations. Emphasis is placed on simplicity, modularity, and power-aware programming to support
accurate experimental evaluation.

6.1 Embedded Firmware Development

The embedded firmware is developed using an embedded C programming language and is executed on the
ARM-based microcontroller. The firmware initializes all hardware peripherals, including ADC channels,
timers, GPIO ports, and communication interfaces. System startup routines ensure proper configuration of
clock settings and operating modes.

The main program flow is structured in a loop-based execution model, where the microcontroller performs
periodic data sampling and task execution. Interrupt-driven mechanisms are used for timing control and
efficient data acquisition. Separate software modules are designed for sensor interfacing, data processing,
display handling, and communication, ensuring ease of debugging and maintenance.

6.2 Power Optimization Techniques

Power optimization is achieved through both hardware control and software-based strategies. The firmware
selectively enables and disables peripherals based on application requirements, thereby reducing unnecessary
power consumption. Low-power operating modes such as idle and sleep are utilized during inactive periods
to minimize energy usage.

Clock frequency management is employed to balance performance and. power consumption. By reducing
clock speed during low workload conditions, dynamic power consumption is significantly lowered. Software
delays are minimized, and efficient coding practices are followed to reduce processor execution time and
switching activity. These techniques collectively contribute to improved energy efficiency of the embedded
system.

6.3 Data Acquisition and Logging Algorithm

The data acquisition algorithm is responsible for sampling voltage and current signals using the on-chip ADC
of the ARM microcontroller. The algorithm periodically reads sensor values at fixed time intervals and
converts the analog signals into digital data. The sampled values are then used to calculate instantaneous
power by multiplying voltage and current measurements.

Energy consumption is computed by accumulating power values over time. The calculated power and energy
data are stored in internal memory or external EEPROM for further analysis. Logged data can also be
transmitted to a display unit or communication interface for real-time monitoring. This algorithm ensures
accurate and continuous tracking of energy consumption across different operating modes and workload
conditions.
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VII. ENERGY CONSUMPTION ANALYSIS

7.1 Measurement Parameters

The primary parameters used for energy consumption analysis are supply voltage, current, power, and energy.
The supply voltage is monitored to ensure stable operation of the embedded system, while the current drawn
by the system is measured using a current sensing circuit. These parameters are sampled at regular intervals
using the ADC of the ARM microcontroller.

Instantaneous power consumption is calculated as the product of measured voltage and current values. Total
energy consumption is obtained by accumulating power over the execution time of specific tasks or operating
modes. All measurements are carried out under controlled conditions to maintain consistency and accuracy in
the experimental results.

7.2 Operating Modes Analysis

The ARM-based embedded system supports multiple operating modes to reduce power consumption during
inactive periods. In active mode, the processor executes application tasks and peripherals remain enabled,
resulting in higher power consumption. This mode represents the maximum energy usage scenario of the
system.

In idle mode, the processor clock is halted while peripherals may remain active. This reduces power
consumption compared to active mode while allowing quick transition back to normal operation. In sleep
mode, both processor and peripheral activities are minimized, leading to the lowest power consumption. The
system enters sleep mode during extended idle periods to conserve energy.

Energy consumption measurements are recorded for each operating mode, and comparative analysis is
performed. The results indicate that significant power savings can be achieved by effectively utilizing idle
and sleep modes in ARM-based embedded systems.

7.3 Task-wise Power Consumption

Task-wise power consumption analysis is conducted to evaluate the energy impact of individual system
operations. Different tasks such as sensor data acquisition, data processing, display updates, and
communication are executed separately, and their power consumption is measured.

The analysis shows that tasks involving intensive processing or continuous peripheral usage consume higher
power compared to simple control or monitoring tasks. Communication-related tasks also contribute
significantly to power consumption due to increased processor and peripheral activity. By identifying power -
intensive tasks, system designers can optimize task scheduling and reduce overall energy usage.

VIII. EXPERIMENTAL SETUP

10.1 Test Conditions

The experimental evaluation is conducted using an ARM-based microcontroller platform powered by a
regulated DC power supply. The supply voltage is maintained at a constant level throughout the experiments
to avoid measurement inconsistencies. Current and voltage sensing circuits are calibrated before testing to
ensure accurate readings.

The system is tested under three primary operating modes: active, idle, and sleep. Each mode is executed for
a fixed duration, and measurements are taken at regular time intervals. Peripheral devices such as display
units and communication modules are enabled selectively to simulate real-world workload conditions. All
experiments are performed in a controlled laboratory environment to minimize external disturbances.
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10.2 Observed Results

The observed results indicate noticeable variations in energy consumption across different operating modes.
In active mode, the system exhibits the highest power consumption due to continuous processor activity and
peripheral usage. Idle mode shows a moderate reduction in power consumption, as the processor clock is
halted while selected peripherals remain active.

Sleep mode demonstrates the lowest power consumption, confirming the effectiveness of low-power modes
in ARM-based embedded systems. Task-wise analysis reveals that communication and display-related tasks
consume more power compared to sensor data acquisition and control tasks. The results highlight the
importance of efficient task scheduling and peripheral management for reducing overall energy consumption.

10.3 Graphical Analysis

Graphical analysis is performed to visualize the energy consumption behavior of the system. Voltage and
current variations are plotted over time to observe stability and dynamic changes during different operating
modes. Power consumption graphs clearly illustrate the differences between active, idle, and sleep states.

Energy consumption graphs are used to compare cumulative energy usage for various tasks and operating
modes. These graphical representations provide clear insights into power usage patterns and help in
identifying energy-intensive operations. The analysis confirms that proper utilization of low-power modes

and optimized software execution significantly reduce energy consumption in ARM-based embedded
systems.

Graphical Analysis of Energy Consumption in ARM-Based Embedded System
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CONCLUSION

This paper presented an experimental analysis of energy consumption in an ARM-based embedded system
under different operating conditions. The study focused on measuring voltage and current parameters to
evaluate power and energy usage during various operating modes and task executions. An ARM-based

microcontroller platform was designed and implemented to perform real-time data acquisition and energy
monitoring.
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The experimental results demonstrated that energy consumption varies significantly across active, idle, and
sleep modes. Active mode exhibited the highest power consumption due to continuous processor and
peripheral activity, while idle and sleep modes resulted in considerable power savings. Task-wise analysis
revealed that communication and display-related operations consume more energy compared to sensor data
acquisition and control tasks.

The findings of this work highlight the importance of power-aware hardware and software design in embedded
systems. By effectively utilizing low-power operating modes and optimizing task execution, overall energy
consumption can be significantly reduced. The proposed approach provides a practical methodology for
analyzing and improving energy efficiency in ARM-based embedded systems, making it suitable for low-
power and battery-operated applications.

FUTURE SCOPE

The proposed energy consumption analysis system can be further enhanced in several ways to improve
performance and applicability. Advanced ARM processors with enhanced power management features can
be used to achieve higher energy efficiency. The integration of real-time operating systems (RTOS) may allow
better task scheduling and more effective utilization of low-power modes.

Future work can include the incorporation of wireless communication modules to enable remote energy
monitoring and data visualization. Additional energy optimization techniques such as dynamic voltage and
frequency scaling can be implemented to further reduce power consumption. The system can also be extended
to support a wider range of peripherals and workload conditions for comprehensive analysis.

Moreover, the proposed approach can be adapted for energy monitoring in Internet of Things (10T) devices,
wearable systems, and industrial embedded applications. By extending the experimental setup to long-term
monitoring, more accurate energy consumption models can be developed, which would help in designing
highly energy-efficient embedded systems.
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