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Abstract:This project focuses on designing and developing a Smart Walking Stick for Elderly and
Visually Impaired individuals to address the challenges they face in navigating their surroundings due to
the lack of visual cues. The proposed walking stick will be equipped with sensors to provide real-time
information about the user’s surroundings, including obstacles, distance, staircase and wet surface
detection. It will also have features such as customized timing alerts to enhance the safety of the user.
The aim of this project is to improve the mobility and independence of Elderly and Visually Impaired
individuals by providing them with an intelligent and user-friendly walking aid. This innovative solution
can contribute to improving thequality of life of individuals with visual impairments and assist them in
navigating their environment with ease and safety.

IndexTerms:Smart Walking Stick, Visually Impaired, Sensors, Real-time information, Obstacle
Detection, Staircase Detection ,Wet Surface Detection ,Customized Timing Alerts, Mobility.

1. INTRODUCTION

The World Health Organization estimates that nearly 285 million people suffer from some form of visual
impairment, with 14 Obstacles such as people, vehicles, stones, stairs, walls,and furniture can hinder the way of
the visually impaired.To address this challenge, a blind stick has been developedthat alerts the user about
various obstacles through a vocal sound from a speaker on the stick. The stick can also detect wet and damp
surfaces and raise a vibratory alert to the user. However, these features are not sufficient for outdoor
environments where there may be more obstacles and unpredictable conditions.Therefore, the motivation of this
project is to develop a system that can assist visually impaired individuals by classifying scenes and avoiding
obstacles through object detection, allowing them to lead a life like other individuals. The system will track any
obstacles in the user’s path and convey this information to the user through voice communication,
therebyavoiding any potential harm. With an increasing number of individuals experiencing visual impairments,
the need for such technology is becoming more urgent. This innovative solution can enhance the mobility,
independence, and quality of life of visually impaired individuals and provide them with an opportunity to
navigate their environment safely and effectively. Overall, this project has the potential to make a significant
impact on the lives of visually impaired individualsby providing them with a reliable and effective walking aid
that can enhance their mobility, independence, and safety. By leveraging the power of advanced technologies
such as machine learning and computer vision, this project can helpto bridge the gap between visually impaired
individuals and the world around them, enabling them to live life to the fullest.

2. RELATED WORK

Assisting individuals with visual impairments in navigation and object recognition is a significant challenge in
today’s society. To tackle this issue, several techniques have been proposed and developed, such as Electronic
Orientation Aids, Place Locator Devices, Electronic Travel Aids, and wearable devices. These technologies not
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only provide directions but also monitor the health of visually impaired persons.One clever Electronic Travel
Aid proposed in a study uses an ultrasonic sensor to detect obstructions between 5 to 35 cm away. It can detect
objects at ground and waist levels up to 2 m using two specified placements of ultrasonic sensors. Another
approach uses non-intrusive wearable devices that use three- dimensional and semantic data to represent scenes
in front of the user. The information is then transmitted to the user through a text-to-speech system or haptic
feedback.Wireless transmission across the visible light frequency range has been proposed for communication
between a sign and a wearable smart glass. In another system, Internet of Things has been used to identify
impediments and improve basic navigation with haptic and vocal feedback. Infrared technology is also utilized
to improve vision impairment, utilizing mobile phones and an application that runs on Android-based
smartphones.Deep learning approaches are used to evaluate safe and reliable procedures through the data of
RGB images and establish a semantic map that helps in getting good results in both indoor and outdoor scenes.
Smart glass systems that use a convolutional neural network can also read the name of the drug through
headphones. Embedded systems are utilized in walking sticks by vision-impaired people, where notification is
done by speech over headphones or speakers. Raspberry Pi 4 was used, which has improved computational
capability and is connected to the pi camera, GPS, and GSM modules.In summary, the techniques proposed for
navigation and object recognition for visually impaired people are varied and innovative. These technologies
can assist in making navigation safer and more reliable for individuals with visualimpairments, providing them
with more independence in their daily lives. Further research and development in this field are needed to
enhance the effectiveness and efficiency of these techniques to improve the quality of life of individuals with
visual impairments.

3. EXISTING SYSTEM

Assistive technologies for the visually impaired have come a long way over the years. From traditional white
canes to modern-day smart devices, these aids have greatly improved the lives of people with visual
impairments. However, theexisting systems are not without limitations. One of the primary limitations of
existing systems is their cost. Manyof the advanced assistive technologies, such as smart canes, smart belts, and
smart rings, can be quite ex- pensive, making them inaccessible to a large portion of the visually impaired
population. Additionally, the effectiveness and reliability of existing systems can be questionable. While these
technologies can assist in obstacle detection, they may not be 100 Despite these limitations, researchers and
developers are continually exploring new ways to improve assistive technologies forthe visually impaired. For
instance, some are investigating the use of computer vision and machine learning to provide more detailed and
accurate obstacle detection. Others are exploring the potential of haptic feedback systems, which can provide
users with tactile cues to navigate their surroundings. Ultimately, the goal of these efforts is to provide more
accessible, effective, and reliable assistive technologies for the visually impaired. By addressing the limitations
of existing systems and developing new, innovative solutions, we can help improvethe quality of life for people
with visual impairments.

4. PROPOSED SYSTEM

The proposed model consists of the following units which monitor the situation and act accordingly from
Figure.1(Block Diagram).

Soil Moisture Sensor:A new application for soil moisture sensors has emerged, aimed at aiding visually
impaired individuals in detecting the presence of water on surfaces. These sensors utilize two probes, which act
as variable resistors, to measure the resistance between them when placed on a surface. When electricity
conducts more easily on a wet surface, the resistance between the probes decreases, indicating the presenceof
moisture. Conversely, on dry surfaces, more resistance is offered, indicating a lack of moisture. This technology
has the potential to greatly improve the independence and safety of visually impaired individuals by providing a
reliable means of detecting water on surfaces.
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Ultrasonic Sensor: Ultrasonic sensors are commonly used to measure distance by emitting sound waves and
detecting their return. In the proposed system, two ultrasonic sensors are placed on a stick to detect obstacles
such as people, vehicles, and objects in outdoor and indoor settings. The system uses the HC-SR04 ultrasonic
sensor, which can measure distances from 2cm to 450cm. By calculating the elapsed time between the emission
and detection of sound waves, the system can accurately measure distance to obstacles.

Buzzer: A buzzer is a device that is often used to produce sound. The buzzer is triggered when the button on the
RF remote is pressed in case the stick is misplaced. Vibration motor, a mechanical device, (see Fig. 9) is used to
generate vibrations.

SPEAKER
-
POWER =
SUPPLY I =%

SOIL MOISTURE | | APR VOICE
SENSOR MODULE
ARDUINO
ULTRASONIC BUZZER
SENSOR(3) UNO
RTC PYTHON IMAGE
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54
FIGURE 1. Block Diagram of Proposed System

It is triggered when the moisture sensor detects presence of water in the path of blind people.

Speaker: A speaker is used to provide alerts to the blind person when an obstacle is detected. It is integrated
with a voice recorder to provide custom voice alerts for different types of obstacles

Real Time Clock:Real-time clock (RTC) components are electronic devices that are used to keep track of time
and date with high accuracy. They typically include a crystal oscillator, a battery, and an integrated circuit. The
crystal oscillator generates a precise frequency that is used to keep track of time. The battery is used to maintain
the clock’s accuracy even when power is lost, and the integrated circuit manages the clock’s functions, including
time and date displays and alarms.

APR Voice Module:The APR9600 is a cost-effective, high-performance sound recording and replay IC that
uses flash analogue storage technology. The device retains recorded sound even after power isremoved, and the
replayed sound is of high quality with low noise. The device has a sampling rate of 4.2 kHz, allowing for a
recording period of 60 seconds and a bandwidth of 20Hzto 2.1 kHz. However, the sampling rate can be
increased t08.0 kHz by adjusting an oscillation resistor, shortening the recording period to 32 seconds.
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FIGUREZ2. Arduino UNO

Arduino UNO:Arduino Uno is a microcontroller board based on the ATmega328P. It has 14 digital input/output
pins (of which 6 can be used as PWM outputs), 6 analog inputs, a 16 MHz quartz crystal, a USB connection, a
power jack, an ICSP header and a reset button. It contains everything needed to support the microcontroller;
simply connect it to a computer with a USB cable or power it with a AC-to-DC adapter or battery to get started.
You can tinker with your UNO without worrying too much about doing something wrong, worst case scenario
you can replace the chip for a few dollars and start over again.

Power Supply: The power supply section is a critical component that provides regulated power for the
successful operation of the project. To achieve this, a 0-12V/1 mA transformer is utilized, with the primary
connected to the main supply via an on/off switch and fuse for protection against overload and short circuits.
The secondary is connected to diodes to convert 12V AC to 12V DC voltage, which is then filtered by
capacitors. Finally, the voltage is regulated to +5V using an IC 7805. This ensures a constant output of regulated
power, which is essential for the proper functioning of the project.

Python Image Processing: Python image processing utilizing a Convolutional Neural Network (CNN)
algorithm in a smart walking stick designed for visually impaired individuals is a novel solution aimed at
improving the mobility of individuals with visual impairments. The system utilizes a camera mounted on the
walking stick to capture images of the user’s environment. These images are processed using a Python image
processing program that uses CNN algorithms to analyze and recognize objects in the environment. The system
provides audio feedback to the user through a speaker or earphones, informing them of any obstacles or hazards
in their path. The CNN algorithm utilized in the system is trained on a vast dataset of images, allowing itto
accurately recognize a wide range of objects and settings. This makes the system efficient in identifying
obstacles like

FIGURE 3. Hardware Kit

people, vehicles, and impediments in both indoor and outdoor environments.Overall, Python image processing
using a CNN algorithm in a smart walking stick for visually impaired individuals is an innovative and
potentially game-changing technology that could significantly improve the independence and mobility of
individuals with visual impairments.

5. METHODOLOGY

The methodology for this project can be divided into four stages: design, data acquisition, data processing, and
testing. A detailed description of each stage is provided below:Design: In this stage, the requirements and
specifications for the walking stick are identified. The walking stick includes a camera, audio feedback system,
and an embedded system. The camera captures images of the surrounding environment, and the audio feedback
system provides feedback to the user regarding the presence of obstacles or hazards. The embedded system
processes the image data to identify obstacles and hazards.Data Acquisition: In this stage, the camera on the
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walking stick captures images of the surrounding environment. The images are taken in various environments,
including indoor and outdoor spaces, to create a diverse dataset.Data Processing: In this stage, the acquired
images undergo pre-processing to enhance their quality and remove any irrelevant information. The pre-
processing stage involves filtering, noise reduction, and contrast enhancement of the capturedimages. The pre-
processed images are then fed into a CNN algorithm to identify the objects in the environment.Testing: In this
stage, the walking stick is tested in various environments to evaluate its performance. The system’s accuracy in
identifying obstacles and hazards is evaluated, and the audio feedback system is tested for effectiveness. The
system is evaluated in both indoor and outdoor environments, and the results are analyzed.In conclusion, the
methodology employed in this project involves the design, data acquisition, data processing, and

FIGUREA. Person Identification

P e

FIGURES. Object Detection-Animal(Dog)

testing stages. The approach ensures that the walking stick is capable of accurately identifying obstacles and
hazards in various environments and providing audio feedback to the user. The methodology employed in this
project can be adapted to other assistive technology devices aimed at enhancing the independence and mobility
of individuals with visual impairments.

6. RESULT
The proposed prototype has been effective at spotting various obstacles of different sizes lying in the path of the

user with great consistency. Figure.3 Shows the Hardware kit of the proposed model and the respective outputs
related to the environment is shown in Figure.4 5.

7. CONCLUSION AND FUTURESCOPE

The proposed blind stick has potential but could bene- fit from incorporating high-performance sensors and
using lightweight materials. Future enhancements could include adding Al algorithms, tactile feedback, and
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additional sensors.Improvements in battery technology could also be valuable. Future enhancements for the
blind stick could include incorporating artificial intelligence algorithms for obstacle recognitionand avoidance,
as well as adding tactile feedback to provide users with additional information about their surroundings. In

addition,

the stick could be made more versatile by incorporating additional sensors, such as temperature or

humidity sensors, to provide users with information about their environment beyond just obstacles.
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power-saving framework" that is universally recognized. However, | can provide you with information about
power-saving techniques and strategies commonly used in Android development up to that point. Keep in mind
that developments might have occurred after September 2021.Android devices are known for their versatility
and feature-rich environment, but this can come at the cost of increased power consumption. To mitigate this
issue, developers and device manufacturers have employed various power-saving techniques and frameworks.
Here are some common strategies and frameworks:Doze Mode and App Standby: Android introduced Doze
Mode, which helps conserve battery life by delaying background CPU and network activity when a device is
idle [1]. App Standby takes this further by putting apps into a low-power state when they aren't actively used,
reducing their impact on battery life.Background Execution Limits: Android limits background execution of
apps to prevent unnecessary battery drain. Apps can only run background tasks within specific restrictions,
ensuring that they don't continuously consume resources.Job Scheduler: This framework allows apps to
schedule tasks at optimal times, which can help consolidate tasks and reduce the frequency of waking up the
device, thus saving power [2].Battery Optimization: Android provides a battery optimization feature that allows
users to prioritize apps and restrict background activity for specific apps, helping to save power.Location
Services: Managing location updates efficiently can significantly impact battery life. Using lower accuracy
settings or batching location updates can reduce the power consumed by location services.Wakelocks and
Alarms: Developers can use wakelocks and alarms to keep the device awake for specific tasks. However, these
should be used judiciously, as they can lead to increased power consumption if not managed properly.Optimized
Networking: Using techniques like Volley or OkHttp for efficient network requests, and optimizing the use of
background data syncing, can help reduce power consumption [3].Background Syncing: Minimizing the
frequency of background data syncing and batching multiple sync operations can reduce the device's active
time, saving power.Ul Optimization: Efficiently managing Ul updates and animations can also impact battery
life. Minimizing unnecessary redraws and animations can help save power.Battery Historian and Profiling
Tools: Developers can use tools like Battery Historian and Android Profiler to analyze power usage patterns in
their apps, identify bottlenecks, and optimize accordingly [4].Android stands out as an open platform, gaining
immense popularity as an operating system. It boasts open-source code that's easy to manage, allowing users to
access and utilize new content and applications on their mobile devices. Built upon a Linux kernel, Android
devices are being implemented at an impressive rate. However, managing the power consumption of these
devices has emerged as a notable challenge, primarily due to the prevalent issue of limited battery life [5].This
isn't solely confined to regular occurrences; even smartphones face these challenges. With the proliferation of
power-hungry technologies such as GPS, 3G, and 3GS, the situation becomes more complex. Addressing this, a
client-server approach, devoid of intricate structures, has been adopted. Leveraging machine learning, this
approach oversees the applications in use, monitors battery consumption, and gauges contextual factors. Over a
designated time span, this system gathers pertinent information, which then fuels the machine learning process
[6].In the contemporary era, the energy consumption has surged considerably, especially with the advent of
robust technologies like GPS, 3G, and Wi-Fi. These applications, along with others such as video streaming
services like YouTube, exert a significant drain on power resources. Users frequently find that such applications
consume substantial battery power.The resolution to these challenges lies in comprehending the mechanisms
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that contribute to phone battery depletion. By doing so, viable solutions can be devised to address these issues.
A common occurrence on Android phones is the automatic initiation of numerous applications. This occurrence
is driven by two primary factors: the apps starting automatically upon certain triggers and apps being permitted
to operate in the background [7].These applications often engage in network activities, which further escalates
their power usage. While developers do so with the intention of improving the features and functionalities of
nearby applications, this practice presents certain hurdles. Determining which applications are more power-
intensive and which offer energy-efficient utility poses a significant challenge for most end-users.The
assessment of energy usage within applications on mobile phones led us to develop the Battery Viewer system.
The process entails several steps. Initially, the application is launched, followed by an evaluation of power usage
across mobile devices. This evaluation involves gathering data on application-specific power
consumption.Subsequently, the collected data is utilized to present information on the chosen application in a
tab-based format on the screen [8].The final step involves the representation of energy consumption using
graphical representations, particularly through a graph depicting application-based energy consumption over
time.The system for optimizing battery usage through location-triggered alarms is an Android application. In the
current era, mobile devices are abundant, with their prevalence attributed to the expansive nature of Android, an
open-source operating system. This Android-based application is developed with the objective of generating
alerts based on user-defined locations or set times.The application's core function lies in delivering reminders to
users, be it through specified geographical locations or scheduled times. While conventional time-based alerts
are commonplace, this system introduces a novel approach by incorporating location-based triggers. Thus, the
alarm system doesn't just rely on time factors; it also activates based on the user's geographical context [9].The
application is designed to cater to users, enabling them to input an address. Subsequently, this address undergoes
a transformation into latitude and longitude coordinates through GPS or network-based location providers.
These coordinates serve as reference points for issuing alerts when the user approaches the specified
destination.The user can define the targeted location, be it their own or another individual's. This mutual
configuration leads to reciprocal notifications. Each party receives notifications based on their defined proximity
thresholds. GPS, which stands for Global Positioning System, relies on satellite-based information to determine
the Android device's current location. Network providers also supply location data via cell towers [10].By
employing this technology, users can establish alarms that trigger as they draw near their set destinations. This
negates the need for continuous manual checks. This approach aligns with the current trend of heightened
carpooling activities. Our app is optimized for multi-user scenarios and facilitates location-based notifications
between users, especially beneficial for carpooling or coordinating major transportation services [11].The
application's foundation rests on a location-based system tailored for Android devices. It effectively retrieves the
device's current geographical coordinates using the Global Positioning System (GPS) satellite data. This occurs
within the confines of our battery-efficient application, ensuring minimal battery drain. Regardless of whether
the device is charging via a USB, AC adapter, or discharging, the application adapts its updates and background
service frequency accordingly.Wireless services are consistently expanding their reach, becoming ubiquitous
across various environments. A surge in multimedia services underscores the necessity to cater to diverse
quality-of-service (QoS) requirements. QoS signifies the ability to deliver service in accordance with network
capacity, while quality of experience (QOE) gauges users' perceptual satisfaction [12].This entails meeting
specified service levels while the service is active, ensuring usability and quality of service. More precisely,
usability pertains to user satisfaction based on factors like access, service retention, and integrity. Mobile phone
users might encounter performance inadequacies due to factors such as limited bandwidth or fluctuations caused
by movement during multimedia transmissions.Android stands at the forefront of mobile operating systems,
embodying the latest trends in this domain. It offers a comprehensive environment for developers to create
applications, encompassing middleware, a phone application stack, and a Linux kernel that is both feature-rich
and versatile [13].Despite these extensive features, Android tackles limitations at the kernel level, particularly
concerning energy management for specific Android instances. It endeavours to address these limitations by
actively engaging in the Linux ecosystem and formulating potential solutions. The objective is to overcome
challenges in energy efficiency, with a focus on continuous power management. Solutions developed include
proposing suitable governor algorithms and modifying their parameters, as well as implementing daemon
processes that regulate voltage and frequency scaling [14].To enhance the energy efficiency of Android
applications, techniques are presented for application developers to improve their software. The research
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articulates the project's objectives and implements these strategies, using OMAP3530-based low-power
techniques as a foundation for experimentation. These techniques are put to the test in a variety of scenarios,
including 2D/3D rendering, movie playback, and data decompression. The results are evaluated based on
performance metrics such as execution time, total current, waiting time, and battery life [15].

2. MATERIALS AND METHOD

2.1. Screen Brightness & Colour Scheme:Adaptive Brightness: Android devices often include an adaptive
brightness feature that automatically adjusts screen brightness based on ambient lighting conditions. Enabling
this can help save power by reducing brightness in well-lit environments. Dark Mode: Many modern Android
versions offer a dark mode option, which uses darker colours for the user interface. Dark mode can be easier on
the eyes and also save power, especially on devices with OLED displays.

2.2. CPU Frequency:CPU Governors: Android devices use CPU governors to manage the CPU frequency
dynamically. Performance governors can increase the CPU speed when needed, but they consume more power.
Power-saving governors aim to keep the CPU frequency lower when the device is idle or under light usage.
CPU Throttling: Throttling the CPU during less demanding tasks can help save power. Techniques like dynamic
voltage and frequency scaling (DVFS) adjust the CPU frequency based on workload.

2.3. Network:Network Type: Different network types (2G, 3G, 4G, 5G) consume varying amounts of power.
Switching to a lower network type when high-speed data isn't necessary can save battery life.

Background Data: Restricting background data usage for apps can prevent unnecessary network activity when
the device is not in use.

2.4. Low Power Localization: Passive Location:Using passive location updates instead of actively polling for
location can reduce power consumption. Passive location relies on location data provided by other apps or
services. Geofencing: Instead of continuous GPS usage, geofencing allows apps to be notified when a device
enters or exits a predefined geographical area.

2.5. Wi-Fi: Wi-Fi Scanning: Disable Wi-Fi scanning when not needed. Scanning for Wi-Fi networks in the
background can consume power. Wi-Fi Sleep Policy: Adjust the Wi-Fi sleep policy to disconnect from Wi-Fi
when the screen is off or when the device is idle.

2.6. Method: The DEMATEL method quickly separates the complex set of factors into a sender organization and
a receiving institution, and then translates that information into the appropriate strategy for selecting a
management tool. Also, the ZOGP model enables businesses to fully utilize their limited funds for planning to
develop ideal management systems by combining different configurations with Explicit Priorities [16].
DEMATEL methods. This impact and causality can be attributed to affected group barricades. Therefore, to
effectively implement electronic waste management, barriers belonging to a causally Influential subgroup
should be given special consideration. Decision-makers must therefore identify hurdles in order to reduce their
impact or influence, guarantee that the legal is strong, and ensure that appropriate barriers are in place [17].
Therefore, der methods ISM and DEMATEL methods, the results are somewhat consistent results grated ISM
DEMATEL results for e-was determination constraints determine not only the structure of fire but also the
structure of the interactions DEMATEL research, specific applications for DEMATEL. as for which DEMATEL
is only. categories: factors or only relationships between criteria the first type of clarification is: and causal
Group barriers pro or Source for affected group barriers can be considered due. Therefore, in order to effectively
implement electronic waste management, barriers belonging to a causal or an influential group should be
considered on a priority basis [18]. Therefore, decision makers need to determine obstacles the legal framework
is strong make sure there is controllable in order to minimize impact or influence barriers. Therefore, derived
structure of the interactions between these barriers is determined by the integrated ISM DEMATEL results for e-
waste management constraints [19]. DEMATEL research, specific applications for DEMATEL. categories:
factors or only relationships between criteria the first type of clarification involves identifying the main factors
in terms of causal relationships and interrelationship size, while the second involves identifying the criteria for
relationship and impact level analysis. DEMATEL method. As a result, the preliminary disadvantage (cluster
one) was about topics such as the comparative weights of selection makers in the DEMATEL approach, which
now does not take into account linking to team decision-making [20]. Obviously, in a group decision-making
hassle, regular decision-makers can always trust their point of view and count on it to be prevalent among other
selection-makers. This way, the very last evaluation guides must be close to their judgments, and if the very last
assessment effects are close to their critiques, the choice maker is willing to simply accept it; otherwise, they
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may deny it. It is believed that methods based on unstructured comparisons, such as DEMATEL, play a
significant role in the aforementioned discrepancies [21]. DEMATEL is widely accepted for analyzing the
overall relationship of factors and classifying factors into cause-and-effect types. Therefore, this article
considers each source as a criterion in decision-making. To deal with a mixture of conflicting evidence, the
significance and level of significance of each piece of evidence can be determined using DEMATEL; however,
expanding the DEMATEL method with the source theory is required for better conclusions [22].

3. RESULT AND DISCUSSION

TABLE 1.Android-based power-saving framework

Screen brightness & | CPU Network Low power |\ e sum
colour scheme frequency localization
Screen brightness
& colour scheme 0 19 17 15 18 69
CPU frequency 9 0 5 17 15 46
Network 19 15 0 14 15 63
Low power
localization 17 13 12 0 11 53
Wi-Fi 13 15 11 19 0 58

Table 1 shows that DEMATEL Decision making trail and evaluation laboratory in Android-based power-saving
frameworkScreen brightness & colour scheme: 69, CPU frequency: 46, Network: 63, Low power localization:
53, Wi-Fi: 58 it is also Sum of values.

Android-based power-saving framework

x 19
e O . B R B W ___

SCREEN CPU FREQUENCY NETWORK LOW POWER WI-FI
BRIGHTNESS & LOCALIZATION
COLOUR SCHEME

Screen brightness & colour scheme = CPU frequency
Network

® \Wi-Fi

m | ow power localization

FIGURE 1.Android-based power-saving framework
Figure 1 shows that DEMATEL Decision making trail and evaluation laboratory in Android-based power-saving
framework Screen brightness & colour scheme: 69, CPU frequency: 46, Network: 63, Low power localization:
53, Wi-Fi: 58 it is also Sum of values.
TABLE 2. Normalization of direct relation matrix

Screen brightness & CPU Network Low power Wi-Fi
colour scheme frequency localization
Screen brightness &
colour scheme 0 0.275362319 | 0.246376812 | 0.217391304 | 0.260869565
CPU frequency 0.130434783 0 0.072463768 | 0.246376812 | 0.217391304
Network 0.275362319 0.217391304 0 0.202898551 | 0.217391304
Low power
localization 0.246376812 0.188405797 | 0.173913043 0 0.15942029
Wi-Fi 0.188405797 0.217391304 | 0.15942029 | 0.275362319 0
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Table 2 shows that the Normalizing of the direct relation matrix in Android-based power-saving framework is
Screen brightness & colour scheme, CPU frequency, Network, Low power localization Wi-Fi the diagonal value
of all the data set is zero.

Normalisation of direct relation
matrix

Wi-Fi
P
T
T

Low power localization
Network
CPU frequency

Screen brightness & colour scheme
0 01 02 03 04 05 06 07 08 09 1

Screen brightness & colour scheme ® CPU frequency
= Network
Wi-Fi

® | ow power localization

FIGURE 2.Normalization of direct relation matrix
Figure 2 shows that the Normalizing of the direct relation matrix in Android-based power-saving framework is
Screen brightness & colour scheme, CPU frequency, Network, Low power localization Wi-Fi the diagonal value
of all the data set is zero.
TABLE 3. Calculate the Total Relation Matrix

Screen brightness CPU Network Low_povx_/er Wi-Fi

& colour scheme frequency localization
Screen brightness &
colour scheme 0 0.275362319 | 0.246376812 | 0.217391304 | 0.260869565
CPU frequency 0.130434783 0 0.072463768 | 0.246376812 | 0.217391304
Network 0.275362319 0.217391304 0 0.202898551 | 0.217391304
Low power
localization 0.246376812 0.188405797 | 0.173913043 0 0.15942029
Wi-Fi 0.188405797 0.217391304 | 0.15942029 | 0.275362319 0

Table 3 Shows the Calculate the total relation matrix in Android-based power-saving framework with Screen
brightness & colour scheme, CPU frequency, Network, Low power localization Wi-Fi is Calculate the Value.
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Calculate the total relation matrix

0.3
ENINTIIRL
Screen CPU frequency Network Low power Wi-Fi
brightness & localization

colour scheme

m Screen brightness & colour scheme ® CPU frequency
Network
B \Wi-Fi

Low power localization

FIGURES. Calculate the total relation matrix

Figure 3 Shows the Calculate the total relation matrix in Android-based power-saving framework with Screen
brightness & colour scheme, CPU frequency, Network, Low power localization Wi-Fi is Calculate the Value.

FABLE 4. T= Y(I-Y)- 1, I= Identity matrix

1 |
1 0 0 0 0
0 1 0 0 0
0 0 1 0 0
0 0 0 1 0
0 0 0 0 1

Table 4 Shows the T= Y(I-Y)-1, I= Identity matrix in Android-based power-saving framework is Screen
brightness & colour scheme, CPU frequency, Network, Low power localization Wi-Fi is the common Value.

TABLE 5. Y Value

Y
0 0.2753623 0.2463768 | 0.2173913 | 0.2608696
0.1304348 0 0.0724638 | 0.2463768 | 0.2173913
02753623 | 0.2173913 0 0.2028986 | 0.2173913
02463768 | 0.1884058 0.173913 4] 0.1594203
0.1884058 | 0.2173913 0.1594203 | 0.2753623 Q

Table 5 Shows the Y Value in Android-based power-saving framework is Screen brightness & colour scheme,
CPU frequency, Network, Low power localization Wi-Fi is Calculate the total relation matrix Value and Y Value
is the same value.

TABLE 6_1-Y Value
LY

1

-0.275362319

-0.246376812

-0.217391304

-0.260869565

-0.130434783

1

-0.072463768

-0.246376812

-0.217391304

-0.275362319

-0.217391304

1

-0.202898551

-0.217391304

-0.246376812

-0.188405757

-0.173913043

1

-0.15942029

-0.188405797

-0.217391304

-0.15942029

-0.275362319

1

Table 6 Shows the I-Y Value in Android-based power-saving framework is Screen brightness & colour scheme,
CPU frequency, Network, Low power localization Wi-Fi table 4 T=Y(I-Y)-1, I= Identity matrix and table 5 Y

Value Subtraction Value.

-+

TABLE 7. (I-Y)-1 Value

(I-Y)1
1.984256264 | 1268368455 | 0.99706193 | 1.280519894 | 1.214257788
0.807115864 | 1.73529332 | 0.634510675 | 0.974347333 | 0.88105748
1.143771056 | 1.167613903 | 1.754906269 | 1.202271871 | 1.125372061
1.000412351 | 1.014964848 | 0.802150678 | 1.894085469 | 0.957957904
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Table 7 shows the (I-Y)-1Value in Android-based power-saving framework is Screen brightness & colour
scheme, CPU frequency, Network, Low power localization Wi-Fi Table 6 shows the Minverse shows used.

TABLE 8. Total Relation matrix (T)

Screen brightness & colour

scheme 0.984256264 | 1.2683685 | 0.9970619 | 1.2805199 | 1.2142578
CPU frequency 0.807115864 | 0.7352933 | 0.6345107 | 0.9743473 | 0.8810575
Network 1.143771056 | 1.1676139 | 0.7549063 | 1.2022719 | 1.1253721
Low power localization 1.000412351 | 1.0149648 | 0.8021507 | 0.8940855 | 0.9579579
Wi-Fi 1.007121531 | 1.0818301 | 0.8264391 | 1.1662983 | 0.8635001

Table 8 shows the Total Relation Matrix (T) the direct relation matrix is multiplied by the inverse of the value
that the direct relation matrix is subtracted from the identity matrix.

Total Relation matrix (T)

P51

B36

3771056 p2 ’- 35 37

761998
caoBedkaonooza i1 .oTnSEAS R b il o
b A sdszoerfies [ 1 07 O P 240 76ree3n00
N W 2 ( U6 5 o

.634510675

m Screen brightness & colour scheme = CPU frequency m Network ® Low power localization ® Wi-Fi

FIGURE 4. Total Relation matrix (T)
Figure 4 shows the Total Relation Matrix (T) the direct relation matrix is multiplied with the inverse of the value
that the direct relation matrix is subtracted from the identity matrix.
TABLE 9.Android-based power-saving framework Ri& Ci Value

Ri Ci
Screen brightness & colour scheme | 57444643 | 4.9426771
CPU frequency 4.0323247 | 5.2680706
Network 5.3939352 | 4.0150686
Low power localization 4.6695712 | 5.5175229
Wi-Fi 49451891 | 5.0421453

Table 9 shows the Android-based power-saving framework Ri& Ci Value Android-based power-saving in Screen
brightness & colour scheme, CPU frequency, Network, Low power localization and Wi-Fi in Android-based
power-saving framework in Screen brightness & colour scheme is showing the Highest Value for Ri and CPU
frequency is showing the lowest value. Low power localization is showing the Highest Value for Ci and
Network is showing the lowest value.
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TOTAL RELATION MATRIX (T) RI, CI

VALUE
= Seriesl Series2
8
6 = s
4 T T
2
0
Screen CPU frequency  Network Low power
brightness & localization

colour scheme

FIGURE 5. Total Relation Matrix (T) Ri, Ci Value

Figure 5 shows the Android-based power-saving framework Ri& Ci Value Android-based power-saving in
Screen brightness & colour scheme, CPU frequency, Network, Low power localization and Wi-Fi in Android-
based power-saving framework in Screen brightness & colour scheme is showing the Highest Value for Ri and
CPU frequency is showing the lowest value. Low power localization is showing the Highest Value for Ci and

Network is showing the lowest value.

Wi-Fi

TABLE 10. Calculation of Ri+Ci and Ri-Ci to Get the Cause and Effect

Ri+Ci Ri-Ci Rank | Identity
Screen brightness & colour scheme 10.68714139 | 0.8017873 1 | cause
CPU frequency 9.300395265 | -1.2357459 5 | effect
Network 9.409003799 | 1.3788665 4 | cause
Low power localization 10.18709412 | -0.8479516 2 | effect
Wi-Fi 9.987334407 | -0.0969562 3 | effect

Table 10 shows the Calculation of Ri+Ci and Ri-Ci to Get the Cause and Effect. Android-based power-saving
framework, Screen brightness & colour scheme, CPU frequency, Network, Low power localization and Wi-Fi
Android-based power-saving frameworkinScreen brightness & colour scheme,Networkis Showing the highest
Value of cause. Android-based power-saving framework in CPU frequency, Low power localization and Wi-Fiis

showing the lowest Value of effect.

TABLE 11.T matrix value

T matrix
0.984256264 | 1.268368 0.997062 1.28052 1.214258
0.807115864 | 0.7352933 | 0.6345107 | 0.9743473 | 0.8810575
1.143771056 | 1.167614 0.7549063 | 1.202272 1.125372
1.000412351 | 1.014965 0.8021507 | 0.8940855 | 0.9579579
1.007121531 | 1.08183 0.8264391 | 1.166298 0.8635001
Table 11. Shows the T matrix calculate the average of the matrix and

0.99141938 If the T matrix value is greater than threshold value then bold it.

its threshold value (alpha) Alpha
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Rank

5
4
2
Screen brightness &  CPU frequency Network Low power Wi-Fi
colour scheme localization

FIGURE 6. Shown the Rank

Figure 6 shows the Rank using the DEMATEL for Android-based power-saving framework in Screen brightness
& colour scheme is got the first rank whereas is the CPU frequency is having the Lowest rank.

4. CONCLUSION

Android-based power-saving framework™ that is universally recognized. However, | can provide you with
information about power-saving techniques and strategies commonly used in Android development up to that
point. Keep in mind that developments might have occurred after September 2021. Android devices are known
for their versatility and feature-rich environment, but this can come at the cost of increased power consumption.
To mitigate this issue, developers and device manufacturers have employed various power-saving techniques
and frameworks. Here are some common strategies and frameworks: Doze Mode and App Standby: Android
introduced Doze Mode, which helps conserve battery life by delaying background CPU and network activity
when a device is idle. App Standby takes this further by putting apps into a low-power state when they aren't
actively used, reducing their impact on battery life. Background Execution Limits: Android limits background
execution of apps to prevent unnecessary battery drain. Apps can only run background tasks within specific
restrictions, ensuring that they don't continuously consume resources. Job Scheduler: This framework allows
apps to schedule tasks at optimal times, which can help consolidate tasks and reduce the frequency of waking up
the device, thus saving power. Battery Optimization: Android provides a battery optimization feature that allows
users to prioritize apps and restrict background activity for specific apps, helping to save power. Location
Services: Managing location updates efficiently can significantly impact battery life. Using lower accuracy
settings or batching location updates can reduce the power consumed by location services. Wake locks and
Alarms: Developerscanusewake locks and alarms to keep the device awake for specific tasks.To enhance the
energy efficiency of Android applications, techniques are presented for application developers to improve their
software. The research articulates the project's objectives and implements these strategies, using OMAP3530-
based low-power techniques as a foundation for experimentation. These techniques are put to the test in a
variety of scenarios, including 2D/3D rendering, movie playback, and data decompression. The results are
evaluated based on performance metrics such as execution time, total current, waiting time, and battery life. the
DEMATEL for Android-based power-saving framework in Screen brightness & colour scheme is got the first
rank whereas is the CPU frequency is having the Lowest rank.
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