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ABSTRACT 

 
This research improved aged care technology by developing a real-time tracking system to 

detect falls and track elderly people. This was accomplished using Raspberry Pi and GPS 

technologies. It prioritized the safety, well-being and autonomy of elderly especially those 

living alone or in assisted living facilities. The initiative attempted to address common issues 

like falls, wandering and confusion among senior persons with conditions like dementia or 

reduced mobility. A Raspberry Pi controlled the system together with a GPS module for 

accurate location monitoring and fall sensors. A thorough analysis of aged care needs and 

challenges is used. We designed and developed hardware and software throughout the analysis. 

These solutions have user-friendly carers interfaces and rapid alerts and notifications and were 

extensively tested in real life. The project combined accurate real-time tracking and fall 

detection, allowing caretakers to quickly respond to occurrences and improve elderly safety. 

To ensure efficiency, precision and security, the system was validated. Thus, it has become an 

affordable and unique elderly care technology option. This project is notable for using 

Raspberry Pi, GPS and advanced fall detection algorithms for accurate tracking. Software was 

developed using the Geany IDE for versatility and seamless integration in numerous care 

scenarios. This initiative provided an innovative way to improve elderly adults' safety, 

autonomy and involvement in care environments.  
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Chapter 1 

Introduction 

 

The elderly population experienced notable expansion, contributing to a significant shift in 

global demography. This demographic change had profound impacts on healthcare systems, 

economies and cultures worldwide. The aging population necessitated special attention, care 

and innovative solutions to address the challenges encountered as they aged. 

 

The safety, well-being and independence of senior individuals were primary concerns in 

light of this demographic shift. Older individuals often faced numerous challenges that could 

diminish their quality of life due to age-related alterations in physical and cognitive well-being. 

One of the most prominent concerns was the heightened risk of accidents with everyday tasks 

potentially transforming into hazards leading to falls and accidents. 

 

Occurrences of wandering posed a significant worry, especially for individuals with 

cognitive impairments such as dementia. Older individuals could become disoriented and stray 

from their residences or care facilities, putting their safety at risk. Movement limitations 

exacerbated these challenges, with elderly individuals struggling to engage with their 

surroundings as they experienced a decline in autonomy and mobility. This decrease in 

autonomy, resulting from social isolation could have a detrimental effect on their overall quality 

of life. 

 

Given these circumstances, GPS technology emerged as a potentially groundbreaking 

substitute. The GPS or Global Positioning System was distinctive because it utilized a network 

of satellites to accurately determine a user's position, velocity, and time synchronization data 

from any location on Earth. When integrated with falling detection capabilities, this technology 

could address issues by facilitating the creation of a comprehensive system that could precisely 

monitor elderly citizens in real-time, swiftly alert carers of their whereabouts and identify falls. 

The aim was to provide care facilities and carers with a solution that seamlessly combined 

falling detection techniques with GPS technology to improve safety while preserving the 

privacy and independence of older individuals. 
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This project aimed to utilize the capabilities of GPS to create a system that accurately 

tracked elderly individuals in real-time and immediately informed carers of their location. The 

goal was to provide care institutions and carers with a solution that enhanced security while 

preserving the independence and privacy of older adults through the seamless integration of 

GPS technology. 

 

1.1  Problem Statement  

1.1.1    Safety and Wellbeing Concerns for the Elderly 

As the world's population ages, it is more crucial than ever to ensure the safety and well-being 

of the elderly. A significant portion of the elderly population whether they live alone or in 

assisted living facilities is susceptible to accidents, disorientation and other safety-related 

problems. Traditional caregiving approaches often do not allow for real-time monitoring and 

fast responses which are essential for reducing these threats. Delays in interventions can result 

from a lack of continuous oversight, increasing the chance of harm. Therefore, an all-

encompassing system that prioritizes the safety and general welfare of older adults while 

offering continuous, real-time monitoring and prompt alarm systems is urgently needed. 

 

1.1.2   Challenges in Real Time Location Monitoring 

The requirement for precise and dependable real-time location monitoring especially, for those 

who are prone to wandering or becoming disoriented is one of the biggest challenges in 

providing care for the elderly. To protect the safety of the elderly, families, caregivers and care 

facilities need the most recent information regarding their whereabouts. But current 

technologies frequently fall short of providing accurate real-time data which causes responses 

to be delayed and may even pose a safety concern. There may be significant delays in 

identifying and helping older people in need as a result of this lack of precision and promptness. 

A system that makes use of fall detection features and cutting-edge GPS technology is required 

to solve this problem. This will allow for accurate real-time tracking and prompt reporting of 

senior citizens' whereabouts reducing the risk to their safety. 

 

1.1.3    Inadequate Monitoring and Risk of Falls in Elder Care Facilities 

Monitoring the movement of elderly patients in care facilities is essential to reducing the risk 

of falls which are a prevalent and serious issue in elder care. The existing methods which 

include manually tracking data using Excel sheets and other technologies are time-consuming, 
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prone to human error and limit the effective, customized care that caregivers can provide. It 

can be difficult to respond swiftly to potential threats when manual techniques are used since 

there is often a lack of real-time awareness regarding the movement and well-being of the 

people. It goes without saying that we need an automated system that can monitor the 

movement of elderly people on a constant basis, reduce their risk of falling by providing 

tailored assistance and give caregivers access to the most recent data. 

 

1.2   Motivation 

This project was motivated by a strong concern for the safety, well-being and self-worth of 

the senior population, particularly those living independently or in care facilities. The 

challenges associated with aging, such as wandering, accidents, disorientation and the risk of 

falling, were magnified by the global population's increasing age. Traditional caregiving 

approaches often fell short in providing elders with the real-time monitoring and immediate 

responses they needed to feel secure. 

 

Creating environments that promote safety and well-being was deemed essential due to the 

vulnerabilities associated with aging, including dementia, wandering tendencies and a higher 

risk of falling. The goal was to provide solutions that delivered precise, up-to-date information 

to care facilities, families and carers to ensure the safety and welfare of elderly people. This 

was to be achieved by leveraging advanced technology such as falling detection and GPS 

tracking. 

 

Providing support to individuals caring for the elderly, whether they were professional 

carers or family members was deemed crucial. By equipping them with the necessary tools, 

materials and support, stress could be reduced and their caregiving skills could be enhanced. 

Integrating real-time data, insights and reaction mechanisms into caregiving practices was seen 

as a means to enhance the quality of care and outcomes for elderly persons. 

 

In conclusion, the mission of this project was driven by a commitment to utilizing 

technology, creativity and empathy to address the complex issues related to aging. The aim was 

to establish a society where aging was met with security, well-being and a profound sense of 

fulfillment for all elderly individuals through integrated strategies that fostered safety, respect 

and dignity. 
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1.3     Research Objectives 

1.3.1  To ensure Safety and Wellbeing 

Establish a comprehensive system to enhance the safety and wellbeing of elderly people 

especially those living independently or in assisted living facilities. Essential issues like 

accidents, wandering behaviour, fall hazards and disorientation become increasingly 

significant as the world's population ages. This system takes into account these issues. By 

merging advanced GPS technology with fall detection capabilities, the system provides real 

time monitoring to provide dependable and timely information about the elderly people in their 

care to caregivers, families and care facilities. This approach makes it feasible to provide care 

more effectively overall to address potential issues early on and to respond to emergencies 

more quickly. The system's objective is to let senior individuals maintain their freedom while 

safeguarding their health and their dignity. Through proactive monitoring and timely alerts, the 

system will help manage and mitigate risks, ultimately enhancing the quality of care and life 

for older adults. 

 

1.3.2 To Develop Real Time Location Tracking with GPS Technology 

The second goal was to develop a real-time location tracking system for older individuals using 

GPS technology. This system aimed to overcome the shortcomings of existing monitoring 

systems that often yielded inaccurate real-time data, leading to delayed responses and 

significant safety concerns. The goal was to enhance the safety and security of elderly 

individuals by integrating GPS technology for precise location tracking and incorporating fall 

detection features. This would provide carers, families, and care institutions with prompt and 

reliable information, minimizing response times and ensuring the well-being of the elderly 

across different environments. This technology enabled carers to track whereabouts in real-

time, enabling them to promptly address wandering incidents, offer immediate assistance to 

elderly individuals and enhance safety and security in care facilities. 

 

1.3.3 To Advance Monitoring Practices in Care Facilities 

The final goal underscored the importance of continuous monitoring of the mobility of elderly 

individuals in senior daycare centers. Traditional monitoring techniques such as Excel sheets 

were often labor-intensive and prone to errors, limiting access to timely information about 

residents' behaviors and preferences. The aim was to develop an advanced automated system 
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that would revolutionize monitoring practices in healthcare facilities. By digitizing movement 

data and interactions, carers could readily access information to devise personalized care plans, 

optimize activity scheduling and enhance engagement. Ultimately, achieving this objective 

aimed to streamline monitoring procedures, foster greater involvement and elevate the overall 

well-being and satisfaction of elderly individuals in daycare centers. The goal was to cultivate 

an environment that promoted safety, dignity and excellence through the integration of GPS 

technology and fall detection capabilities. 

 

1.4  Project Scope and Direction 

1.4.1 Project Scope 

 
This project focused on the development of a state-of-the-art real-time location monitoring 

system tailored to meet the unique needs of the elderly. The primary goal was to create a 

monitoring solution that addresses the multifaceted challenges encountered by older adults in 

diverse care environments by integrating modern GPS technology and fall detection 

capabilities. 

 

The proposed solution centered around the creation of a comprehensive system comprising 

both hardware and software components. On the hardware side, discreet GPS tags with 

integrated fall detection sensors were utilized. These tags were specially designed to be 

inconspicuous and comfortable for older individuals to wear, minimizing disruption to their 

daily routines while prioritizing their safety and security. Leveraging the high accuracy and 

reliability of GPS technology, the system aimed to provide precise real time tracking 

capabilities, thereby enhancing its efficacy in ensuring the safety and well-being of the elderly. 

 

In addition to the hardware, the software component played a crucial role in facilitating 

seamless interaction with carers, families and nursing homes. A sophisticated monitoring 

system was developed to provide carers and institutions with immediate access to critical real-

time data such as precise location information and fall detection alerts. This integration aimed 

to improve communication and coordination among stakeholders, enabling them to swiftly 

address emerging challenges or emergencies and enhance the quality of care for elderly adults. 

 

The project commenced with a comprehensive analysis of the specific needs and challenges 

in the aged care sector. While direct engagement with carers, elderly individuals and care 
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institutions was preferred, internet research methods were also employed to gain valuable 

insights and understanding. Academic studies, publications and online discussions were 

thoroughly examined to identify factors impacting the safety and well-being of senior adults, 

laying the groundwork for the development of a tailored and effective solution. 

 

Central to the project's success was the seamless integration of GPS technology and fall 

detection functionality into the tracking system. An extensive exploration of GPS technology's 

technological intricacies was conducted to ensure a robust and efficient integration. This 

encompassed the development of hardware components such as discreet GPS tags with fall 

detection sensors as well as software systems to deliver a comprehensive and reliable tracking 

solution tailored to meet the diverse needs of older residents in various care environments. 

 

Throughout the project lifecycle, rigorous testing and validation were conducted to ensure 

the accuracy, reliability and responsiveness of the tracking system in real-world scenarios. 

Simulation scenarios and implementation in actual care institutions and independent living 

spaces enabled comprehensive evaluations across different environments and conditions. The 

initiative aimed to instill confidence in the system's reliability and effectiveness among carers 

and elderly individuals through thorough performance testing. 

 

Efficient communication with carer interfaces was deemed essential for the project's 

success, facilitating proactive monitoring and rapid responses to potential risks or emergencies. 

Integration with carer tools and platforms enabled the delivery of real-time information and 

fall detection warnings, empowering carers to promptly address the safety and well-being of 

senior individuals. 

 

The project concluded with a comprehensive assessment of the system's performance, 

evaluating its utility, effectiveness and usability in practical environments. Detailed 

performance assessments aimed to confirm the solution's effectiveness in meeting the 

requirements and expectations of elderly individuals and carers, ultimately enhancing aged care 

practices. 

 

Overall, the project aimed to develop a cutting-edge tracking system that enhances the 

safety, independence and overall well-being of the elderly while promoting a technologically 

advanced and compassionate approach to elderly care. By combining advanced GPS 
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technology and fall detection features, the project sought to create a comprehensive solution 

for elderly individuals in care settings, ultimately enhancing their quality of life and 

satisfaction. 

 

1.4.2  Direction and Background Information 

 
Given the aging global population, there was a growing urgency for creative solutions to 

assist the elderly and ensure their safety and welfare. The project aimed to provide a real-time 

location tracking system tailored to meet the specific needs of elderly individuals. Advanced 

technologies like GPS and motion tracking devices were utilized with the Raspberry Pi 

microcontroller platform to develop a tool for monitoring and ensuring the safety of elderly 

individuals, particularly those living independently or in care facilities. 

 

In the past, eldercare had relied on manual monitoring techniques that were laborious, time-

consuming and prone to errors. However, advancements in technology especially in 

microcontrollers, GPS tracking and motion sensing had led to a shift towards more advanced 

and reliable monitoring systems. These systems utilized technology to offer real time data and 

insights, enabling caretakers to promptly address issues and ensure the safety of older folks. 

 

The main elements of the project involved the Raspberry Pi microcontroller platform, 

renowned for its versatility, affordability and user-friendly nature. The MPU6050 motion 

tracking device, integrating a 3-axis accelerometer with a 3-axis gyroscope was employed for 

precise detection of movements and falls. Additionally, the NEO GPS module provided 

accurate position data, enabling real-time tracking of the device's location. 

 

Understanding the features and capabilities of these components was crucial for effectively 

implementing the tracking system. Readers, particularly those new to microcontroller 

programming and sensor technologies are needed to understand the importance of GPS 

technology for precise location data, the principles of motion sensing with accelerometers and 

gyroscopes and the significance of fall detection in elderly care. 
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1.5   Contributions 

This project represented a significant advancement in the field of aged care, with the 

objective of enhancing the safety, well-being and independence of senior individuals, 

particularly those residing independently or in nursing homes. The project aimed to develop a 

real-time tracking system for the elderly, integrating GPS technology and falling detection 

capabilities to mitigate injuries and enhance security. 

 

A key innovation of the project was the incorporation of GPS technology, enabling precise 

and immediate tracking of the movements of elderly individuals. Widely utilized in navigation 

and location-based services, GPS technology provided caregivers, family members and care 

facilities with accurate and timely information regarding the whereabouts of elderly 

individuals. This facilitated proactive measures in emergencies, reducing the risk of harm and 

ensuring the safety of the elderly. 

 

In addition to GPS monitoring, the project integrated falling detection functionality, a 

critical safety feature for seniors who are particularly susceptible to falls. Utilizing sensors 

capable of detecting sudden movements or changes in posture, the system swiftly identified 

falls or accidents. Caregivers could then promptly respond, offering assistance to those in need. 

This proactive approach not only minimized the potential consequences of falls but also 

provided peace of mind to caregivers and family members. 

 

A core focus of the project was to preserve the autonomy and independence of elderly adults 

by empowering them to make decisions and interact with their environment. By furnishing 

precise and reliable tracking information, the system empowered elderly individuals to 

maintain autonomy while ensuring their safety and security. Tailored activities and treatments, 

taking into account individual preferences and needs, further promoted autonomy and 

enhanced the quality of life for aging adults. 

 

Through the incorporation of falling detection functionality and GPS tracking, the project 

exemplified a commitment to providing comprehensive solutions to the challenges faced by 

the elderly. By addressing critical safety concerns and enabling the preservation of 

independence, the initiative aimed to improve the well-being and quality of life of senior adults. 
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The utilization of advanced technologies like GPS showcased how recent innovations could 

revolutionize aged care, offering new avenues for enhancing the lives of older individuals. 

 

1.6   Report Organization 

This report is a total of six chapters, which are the introduction, literature review, proposed 

method, system implementation, result and discussion and finally the conclusion.     

 

In Chapter 1, it is mainly discussed about the general introduction of the real time 

monitoring system for the elderly, the problem statement, motivation, contributions and the 

objectives. Three reviews of the literature are considered in Chapter 2. Chapter 3 discusses 

every piece of hardware and software that is proposed for this project. In this chapter, every 

specification and feature will be covered. The implementation of the system's hardware and 

software is covered in detail in Chapter 4. For example, the pin connection for hardware. 

Chapter 5 will cover the project's complete results, including the output of the program and the 

division of the code. The project's conclusion is found in Chapter 6. 
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Chapter 2 

Literature Review  

 

2.1  Previous Works on Realtime Location Tracking System and Falling Detection 

2.1.1  Covid-19 Patient Health Monitoring System Using IoT 

In the study conducted by Mohamad Adib Akmal Norazman, titled "Health Monitoring 

System for Covid-19 Patients Using IoT," an advanced and customizable system was presented 

to remotely monitor the health condition of individuals diagnosed with COVID-19. The 

effectiveness of the system relied heavily on its robust hardware design, meticulously chosen 

to ensure precise and reliable data collection, essential for managing patients throughout the 

pandemic. 

 

At the heart of the system lay the Biosensor Module MAX3100, a pivotal component 

responsible for sensing blood saturation levels and heart rates. This module employed 

sophisticated sensor technology, incorporating two light-emitting diodes (LEDs), a 

photodetector, improved optics and analogue signal processing with reduced noise. These 

features enabled accurate and swift assessments of crucial cardiovascular indicators, allowing 

healthcare practitioners to promptly detect signs of respiratory distress or cardiovascular 

impairment, thus enhancing patient outcomes. 

 

Additionally, the device integrated the DS18B20 body temperature sensor alongside its 

cardiovascular monitoring capabilities. Renowned for its precision in measuring body 

temperature, the sensor boasted a temperature range from -55ÁC to +125ÁC while maintaining 

an accuracy of 0.5ÁC. Its 1-Wire Interface enabled wireless communication with the Arduino, 

facilitating continuous data transmission through a single digital pin. With adjustable resolution 

settings and high accuracy, the DS18B20 could detect subtle changes in body temperature, 

providing early indications of fever, a common symptom of COVID-19. 

 

Furthermore, the system incorporated a DHT11 sensor to measure temperature and 

humidity, complementing its physiological monitoring features. Offering reliable and precise 

data, the DHT11 sensor covered a humidity range of 20% to 90% and a temperature range of 

0ÁC to 50ÁC. Monitoring humidity levels provided insights into the patient's immediate 
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surroundings, aiding in the evaluation of environmental risk factors and potential sources of 

infection particularly relevant for respiratory diseases like COVID-19. 

 

To ensure seamless integration and dependable performance, the hardware architecture was 

meticulously designed. The ESP32 Arduino served as the primary CPU for data collection, 

processing and transmission, equipped with dual 2.4GHz Wi-Fi and Bluetooth functionalities 

for diverse networking options. Enhanced signal quality and reliability were achieved through 

integrated power amplifiers, low-noise amplifiers, filters and antenna switch. 

 

Moreover, the system's architectural design included an ESP32 web server, acting as the 

interface for healthcare providers to remotely access patient data. Through a secure and user-

friendly web interface, physicians could monitor real-time vital signs, analyze historical 

patterns and set personalized alarm thresholds. This user-friendly dashboard enhanced the 

system's usability, enabling healthcare professionals to make well-informed decisions 

promptly. 

 

In summary, the study presented a meticulously chosen hardware configuration aimed at 

ensuring precise, real-time and comprehensive monitoring of individuals affected by COVID-

19. Incorporating sophisticated sensors and leveraging the processing capabilities of the ESP32 

Arduino and ESP32 web server, the system offered a dependable, user-friendly and scalable 

solution for remote patient monitoring during the pandemic. 

 

Strength 

1. Real Time Data Transmission: 

-  ESP32 Arduino as CPU to deliver real time updates regarding the health status of the 

patients. 

- Enable healthcare professionals to promptly implement interventions and make 

informed judgements. 

 

2. Remote Accessibility and User-Friendly Interface:  

- User-friendly interface that can be accessed by smartphones or PCs. 

- Medical professionals can access the web server from a distance and observe detailed 

dashboards that present patient data in real-time.  
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- Enable healthcare practitioners to engage in continuous monitoring without the 

requirement of physical presence, hence providing them with increased flexibility and 

convenience. 

 

3. Enhanced Patient Safety and Care: 

- Offer a comprehensive approach to patient monitoring, combining essential health data 

such as blood saturation, heart rate, pulse rate, body temperature, room temperature and 

humidity levels. 

- Improve patient safety and delivers high-quality care. 

- Minimize physical encounters with infected persons serves to mitigate the risk of 

exposure for healthcare personnel. 

- Capable to identify first indicators of declining. 

 

4. Optimal Allocation of Resources: 

- Enhance healthcare resource utilization by enabling simultaneous monitoring of several 

patients. 

- Remote monitoring and management of a larger patient population by healthcare 

personnel is facilitated, resulting in decreased staffing demands. 

 

Weakness 

1. Risk of Data Privacy and Security Breaches: 

- The system's dependence on web servers and remote accessibility through smartphones 

or personal computers gives rise to apprehensions over the privacy and security of data.  

- The transmission of patient health data over the internet poses a potential risk of 

breaches or unauthorized access.  

 

2. Limited Compatibility with Older Devices: 

- Older smartphone or PC devices that lack support for the system's web-based interface 

may experience compatibility issues.  

- The utilization of outdated devices by patients or healthcare practitioners may present 

difficulties in terms of accessing and comprehending the real time health data offered 

by the system. 

 

 



13 
 

3. Limited Battery Life of Sensor Devices: 

- Extended monitoring scenarios may arise from the battery life of sensor devices. 

- Continuous patient monitoring may experience disruptions due to the need for frequent 

battery replacements or recharging. 

 

4. Cost of Implementation and Maintenance: 

- The successful execution and upkeep of the system need financial resources, specifically 

for the procurement of essential hardware components and the establishment of the web 

server infrastructure.  

- The expense could hinder the implementation of this technology in healthcare facilities that 

have limited financial resources, particularly in settings with restricted resources. 

 

2.1.2  Patient health monitoring system using IoT 

The system employed a mobile app and GSM technology to wirelessly transmit patients' 

vital signs. Its primary objective was to establish a reliable patient management system using 

Internet of Things (IoT) technology to remotely monitor patients in hospitals or at home. The 

integrated healthcare system monitored temperature, heart rate, ECG, blood pressure and 

systolic blood pressure with sensors while a Wi-Fi module sent patient data to the cloud for 

instantaneous online updates. 

 

Wireless technology, particularly the Internet of Things (IoT), had been adopted by many 

industries, including healthcare. IoT technology had transformed hospital and individual 

healthcare monitoring, offering insights into healthcare system power consumption, cost 

reduction and efficiency improvement. 

 

Traditional healthcare checkups had involved registration, consultation and observation 

which could delay or deter people especially those with busy schedules. The suggested IoT 

system optimized this procedure, reducing health monitoring time. Tireless research and 

innovation by medical scientists had enabled these advancements, facilitating the timely 

detection of chronic diseases by analyzing vital indicators like body temperature, heart rate, 

blood pressure and respiration rate. 

 

The proposed system had used Bluetooth and Wi-Fi to connect to a server, comprising a 

Smartphone, portable terminal and remote server. It had monitored body temperature, crucial 
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for elderly or disabled people at risk of strokes. The integration of IoT and wireless sensor 

technology had allowed continuous temperature monitoring and prompt notifications to carers 

or healthcare professionals of irregularities. 

 

The proposed IoT-based health monitoring system had relied on specialized sensors for 

patient care. The LM35 temperature sensor had provided vital health data by monitoring body 

temperature within a range. The AD8232 ECG sensor had captured cardiac electrical impulses 

to ensure heart rate monitoring accuracy. The MAX30100 pulse oximeter had estimated oxygen 

saturation and heart rate, offering cardiovascular health data. The blood pressure sensor had 

used oculometry to accurately measure systolic and diastolic blood pressure, simplifying 

hypertension management. These sensors had formed a comprehensive system for real-time 

monitoring, enabling prompt interventions and improving patient outcomes. 

 

The system had also included a GSM device that had sent notifications to mobile numbers 

when monitored parameters had exceeded threshold values. ThingSpeak and other cloud-based 

platforms had allowed real-time data visualization, analysis and storage to ensure patient 

monitoring and access. 

 

This IoT-enabled health monitoring system had enabled healthcare providers to remotely 

monitor and intervene on patients. Sensors, wireless technology and cloud computing in a 

cohesive system had improved patient care and provided a user-friendly interface for patients 

and healthcare professionals. Through ongoing surveillance and prompt notifications, this 

system had been capable of saving lives and improving healthcare. 

 

In conclusion, the proposed IoT-based health monitoring system advanced healthcare 

technology by providing a resilient framework for remote patient management. Self-

interpretation algorithms for electrocardiogram (ECG) signals could have improved the 

system's ability to detect anomalies and notify users. This study had examined the system's 

design, sensor capabilities, communication protocols and potential effects on healthcare 

delivery, focusing on its relevance to modern healthcare methods. 

 

 

 

 



15 
 

Strength 

1. Thorough Surveillance of Essential Factors: 

- The system included the sensor to detect body temperature, ECG sensor, heart rate, oxygen 

saturation and blood pressure. 

- Offer real-time cardiovascular and respiratory health information. 

- Allow healthcare providers enhance patient care and management with immediate and 

specific approaches. 

 

2. Real Time Data Transmission and Update: 

- Send sensor data to a cloud platform via Wi-Fi 

- Give healthcare professionals real-time updates on patients' vital parameters regardless of 

location. 

- Allow quick decisions and interventions based on current data. 

 

3. User-Friendly Interface: 

- Include a healthcare professional mobile app.  

- Make viewing and analysing patient data easy, enable quick access to vital information and 

informed medical decisions. 

- Feature a monitoring device that can be easily used at home for patients. 

- Allow patients to monitor their vital signs regularly without the need for frequent visits to 

healthcare facilities. 

 

Weakness 

1. Technology and Connectivity Dependence: 

- Internet connectivity and sensor, Wi-Fi module and GSM device reliability are crucial to 

the system's success.  

- Disruptions in these technologies could cause data loss or alert misses, compromising 

system reliability. 

 

2. Calibration and Sensor Accuracy: 

- Proper patient monitoring relies heavily on the precision of sensor measurements. 

- Necessary to periodically calibrate sensors to uphold their precision. 

- The presence of inaccurate readings has the potential to result in erroneous health 

assessments and unwarranted warnings. 
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3. Expense and Availability: 

- Initial setup and maintenance expenses associated with various components.  

- The accessibility of this may be restricted to specific demographic groups or places that 

have low resources. 

 

4. Potential for False Alarm and Notifications: 

- Imperative to precisely establish the threshold values for alerts within the system to prevent 

superfluous alarms.  

- The occurrence of false alarms has the potential to induce heightened levels of anxiety 

among both patients and healthcare workers while also potentially causing desensitization 

to vital alerts. 

 

2.1.3  Real-time monitoring system for elderly people in detecting falling movement 

using accelerometer and gyroscope 

The increasing trend of an ageing population posed distinct concerns, particularly regarding 

the safety and welfare of older adults. One of the main risks they faced was the possibility of 

experiencing falls often stemming from age-related deterioration in physical capabilities such 

as leg weakness. The occurrence of falls could result in significant injuries and problems, 

underscoring the importance of prompt assistance. 

 

Researchers had focused on creating real-time monitoring and fall detection systems 

designed exclusively for senior folks to address this difficulty. These solutions sought to bridge 

the gap between insufficient physical oversight and the need for immediate aid during instances 

of falling. 

 

Recent research had placed significant emphasis on the utilization of accelerometer and 

gyroscope sensors which provided accurate monitoring and analysis of movements. These 

sensors were strategically positioned on the waist of older individuals to detect different angles 

of falls and differentiate between accidental falls and deliberate actions such as bending or 

lying down. 

 

By incorporating GPS technology such as the NEO-6M GPS module, carers or family 

members could precisely track the old person's whereabouts, enabling real-time monitoring of 
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their movements. Furthermore, the utilization of SIM800L facilitated uninterrupted data 

transfer, guaranteeing timely notifications in the occurrence of a fall. 

 

Previous research initiatives had also prioritized the advancement of intricate algorithms 

for the identification of falls, utilizing variables such as slope angles and the duration of 

motions. The utilization of these algorithms was of utmost importance in the precise detection 

of fall incidents and the subsequent activation of notifications to carers or family members. 

 

Additionally, the creation of a web-based monitoring program utilizing PHP provided a 

user-friendly interface for carers to observe the actions of older individuals and receive real-

time notifications. The purpose of this application was to function as a centralized platform for 

accessing crucial information and facilitating timely reactions to incidences of falls. 

 

In general, the progress made in sensor technology, integration of GPS and development 

of algorithms highlighted the dedication to improving the safety and welfare of older adults. 

The present study expanded upon these fundamental principles by introducing a comprehensive 

framework for the real-time monitoring and identification of falling movements. The primary 

objective was to offer reassurance to carers and enhance the overall well-being of older 

individuals. 

 

Strength 

1. Accurate Sensor Technology: 

- Strategically positioned on the waist of the elderly, the system employs accelerometer and 

gyroscope sensors.  

- Provide accurate measurement and analysis of movements, enabling the identification of 

different approaches to falling and differentiating between deliberate moves and accidental 

falls. 

 

2. GPS Integration for Location Tracking: 

- NEO-6M GPS module allows for precise and immediate monitoring of the old individual's 

whereabouts.  

- Improve the system's capacity to offer prompt aid by precisely identifying the precise 

location of a fall incident. 
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3. Sophisticated Fall Detection Algorithms: 

- Utilize sophisticated algorithms that rely on variables such as slope angles and duration of 

movement in order to precisely detect instances of falling.  

- Enhance the system's dependability in identifying instances of falling and reducing the 

occurrence of false alarms. 

 

Weakness 

1. Reliance on SMS Alerts: 

- Depend on SMS notifications as the predominant mode of communication. 

- SMS may impose constraints in relation to financial implications, message duration, and 

user involvement.  

- The utilization of SMS alerts necessitates users to incur charges for each transmitted or 

received message, hence potentially resulting in significant financial burdens. 

- Character limit imposed on SMS messages can impose limitations on the quantity of 

information that can be communicated which may result in carers receiving notifications 

that are partial or ambiguous. 

 

2. Limited Redundancy in Communication: 

- Lack of redundancy in the event of network failures or technical challenges with SMS 

delivery. 

-  Failure in communication has the potential to lead to the omission of alerts or potential 

delays in addressing fall events.  

 

3. Sensitivity and Calibration Challenges: 

- The process of calibrating these sensors to differentiate between deliberate actions and 

genuine instances of falling can present difficulties.  

- Incorrect sensitivity configurations can result in overlooked fall detections or a higher 

occurrence of false alarms, hence affecting the overall efficacy of the system. 

 

4. Reliance on External Connectivity: 

- Dependent on the presence of reliable external connectivity, including cellular network 

coverage for SMS notifications and GPS signal reception for the purpose of tracking 

location.  
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- In regions characterized by inadequate network coverage or instances of network outages, 

the efficacy of the system may be impaired, resulting in potential delays or failures in the 

transmission of alerts to carers. 

 

2.2  Comparison Between Previous Works and Proposed Work 

 

Table 2.1 Comparison Between Previous Works and Proposed Work 

 

 

 

 

 

 

 

 

 

 

 

 

 

Research 

Works 

(Abdullah 

et al., 2022) 

(Sangeethalakshmi 

et al., 2021) 

(Siregar et al., 

2018) 

Proposed 

work 

Microcontroller 
Arduino and 

ESP32 
Arduino and ESP32 Arduino Uno Raspberry Pi 

Mobility 
Not 

Wearable 
Not Wearable Wearable Portable 

Size Big Big Medium Small 

Time Taken to 

Update Data 
Short Long Real Time Real Time 

Platform 
ESP32 web 

server 
ThinkSpeak SMS 

Email, 

Telegram 

Other 

Components 

MAX30100, 

DS18B20, 

DHT11 

MAX30100, 

AD8232, LM35 

MPU6050, 

SIM600L, NEO-

6M GPS Module 

MPU6050, 

NEO-6M GPS 

Module 
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Chapter 3 

Proposed Method/ Approach 
 

 

Figure 3.1 Hardware Design of The System 

 

 

Figure 3.1 General Architecture of The System 

 

The pioneering elderly monitoring system utilized hardware designed to be adaptable and 

reliable. A fall detection and real-time tracking system was created using the MPU6050 IMU 

sensor, Raspberry Pi and NEO-6M GPS module. This system relied on the MEMS MPU6050 

IMU sensor, which precisely detected position and movement with its 3-axis accelerometer 

and gyroscope, allowing for quick and accurate detection of falls to protect the elderly. 
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The central processing unit, the Raspberry Pi, worked in conjunction with the MPU6050. 

When a fall was detected, the Raspberry Pi examined MPU6050 data in real time to make quick 

decisions. It was chosen for its small size and low power consumption, making it suitable for 

integration into monitoring equipment. 

 

The system utilized the NEO-6M GPS module for location monitoring and emergency 

alerting. This module provided 56 channels for 10Hz position updates for real-time geriatric 

tracking. After a fall, the NEO-6M GPS module rapidly communicated location data to the 

system, enabling caretakers to locate the person who fell. 

 

The combination of these hardware components created an effective system that detected 

falls and alerted immediately. This system instantly warned caretakers and family members via 

Telegram and Email when a fall occurred, providing aid and peace of mind. These hardware 

combinations aimed to redefine aged care by providing a proactive and dependable monitoring 

system that promoted safety and well-being. 

 

3.1  Hardware 

3.1.1  Raspberry Pi 3B 

The February 2016 release of the Raspberry Pi 3 Model B marked a significant milestone 

in the evolution of the Raspberry Pi range. Featuring 1GB RAM and a Quad-Core 1.2GHz 

Broadcom CPU, it offered enhanced multitasking capabilities and processing power. The 

inclusion of built-in wireless LAN, Bluetooth and various connectivity options like Ethernet, 

USB, HDMI and camera to display interfaces made it a versatile platform for a wide range of 

applications. Its compact size, Micro SD expansion capability and robust community-driven 

support made it the preferred choice for professionals, educators and do-it-yourself enthusiasts. 

This Raspberry Pi board served as the central processing unit for the system, facilitating the 

connection of all sensors. 
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Table 3.1 The Comparison Between Raspberry Pi Models 

 
Raspberry Pi 

Model A+ 

Raspberry Pi 

Model B+ 

Raspberry Pi 2 

Model B 

Raspberry Pi 3 

Model B 

CPU BCM2835 BCM2835 BCM2836 BCM2837 

CPU Cores 1 1 4 4 

CPU Speed 700 MHz 700 MHz 900 MHz 1.2 GHz 

RAM 512MB 512MB 1GB 1GB 

WI-FI No No No 2.4 GHz 802.11n 

Ethernet No Yes Yes Yes 

Bluetooth No No No 4.1 

Bluetooth 

Low Energy 
No No No Yes 

HDMI Yes Yes Yes Yes 

SD Socket microSD microSD microSD microSD 

USB Ports 1 4 4 4 

Weight 23g 42g 42g 42g 

Size 2.5òx2.2òx0.47ò 3.35òx2.2òx0.8ò 3.35òx2.2òx0.8ò 3.35òx2.2òx0.8ò 
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Figure 2.3 The description of Raspberry Pi 3B 

 

 

Figure 3.3 The GPIO pinouts of Raspberry Pi 

 

 
 
 
 



24 
 

3.1.2  MPU6050 

The MPU6050 is a versatile Inertial Measurement Unit (IMU) sensor, belonging to the 

Micro-Electro-Mechanical Systems (MEMS) family. A thorough motion tracking capability is 

achieved through the integration of a 3-axis accelerometer and a 3-axis gyroscope. 

Furthermore, the MPU6050 module had the capability to operate as a magnetometer sensor. 

The MPU6050 is a highly important device for applications that necessitate accurate motion 

tracking due to its ability to detect acceleration in three dimensions (X, Y and Z) and measure 

angular velocity along these axes. Orientation detection, motion sensing and angular velocity 

measurement are often employed applications. A customized circuitry has been incorporated 

into the MPU6050 sensor to provide smooth interfacing with microcontrollers or other devices. 

 

The device's small dimensions and sophisticated functionalities render it well-suited for a 

diverse array of applications in robotics, drones, virtual reality and other fields. The MPU6050 

is widely utilized in various industries, including consumer electronics, automotive, aerospace 

and healthcare due to its precise motion and orientation tracking capabilities. In this system, it 

will be used to detect the falling of the elderly and send alert messages to caretakers.  

 

 

Figure 3.5 MPU6050 Module Parts 
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Figure 3.6 MPU6050 Pinout 

 

3.1.3 NEO-6M GPS 

The Ublox NEO 6M GPS Module, a component of the NEO 7 series, provided precise 

location updates at 10Hz with 56 channels. Its accuracy and reliability made it suitable for 

various applications particularly aerial and mobile ones. The module is featuring a protective 

plastic cover, seamlessly connected to the Raspberry Pi, offering precise GPS data. Equipped 

with Ublox Neo 6M technology, the module ensured accurate positioning and dependable 

connectivity through external GPS antennas and UART TTL interfaces. Rechargeable lithium-

ion batteries facilitated rapid hot starts and GPS lockups while its sensitivity made it suitable 

for indoor usage. Configuration settings stored in EEPROM ensured consistency and it output 

binary data with exceptional precision. 

 

With its UFL connector for antenna connection and ceramic antenna for enhanced satellite 

search, the module was ideal for car and mobile GPS applications. Real-time power and signal 

indicators further enhanced its usability in various scenarios. Additionally, the device featured 

a data backup battery for power outages, making it reliable even in adverse conditions. Its 3mm 

mounting holes made it perfect for airplane setups, ensuring stable flight, autonomous 

homecoming and waypoint navigation. 

 

Furthermore, the module could be seamlessly integrated into intelligent robot vehicles for 

autonomous navigation to predefined areas, adding complexity to their functionalities. In the 

system, it played a crucial role in detecting the real-time location of the elderly.  
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Figure 3.7 NEO-6M GPS Module Parts 

 

 
Figure 3.8 NEO-6M GPS Pinout 

 

3.1.4  UPS Lite V1.2 

The UPS Lite v1.2 is required for supporting the dependability of the real-time monitoring 

system since it gives the Raspberry Pi 3B a constant power source. In order to avoid system 

disruptions and data loss, it provides uninterrupted functioning during power outages or 

fluctuations. Complementing the Raspberry Pi 3B the UPS Lite v1.2 boasts a small form factor 

and a rechargeable battery that comes in automatically in the event of main power outage.  

 

  This UPS model protects the Raspberry Pi and the UPS from electrical problems with its 

over-voltage and over-current protection features. Additionally, it features LED indicators for 
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battery and power status which allowing for a prompt determination of the UPS's working 

status. 

 

The UPS Lite v1.2 is directly linked to the Raspberry Pi's power input to offer a reliable 

power source and make integration simple. It is an efficient way to guarantee that the 

monitoring system stays operational and increase its durability and dependability in 

applications related to senior care because of its easy installation and configuration. 

 

Table 3.2 UPS Lite v1.2 Performance Specifications 

Parameter Value Details 

Charging Current Max 400mA @5V Maximum charging current when 

the UPS is being charged. 

Output Current (Battery 

Only) 

Max 1.3 A @ 5V Maximum output current when 

powered solely by the battery. 

Output Current (With 

External Power Supply) 

Max 2 A @ 5V Maximum output current when an 

external power supply is connected. 

Battery Measurement 

Accuracy 

± 2% Error in the percentage of battery 

State of Charge (SOC). 

Battery Voltage 

Measurement Accuracy 

± 3 mV Measurement error for battery 

voltages. 

 

 

 

Figure 3.9 UPS v1.2 Parts 
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3.2   Software 

3.2.1  Telegram 

Telegram is renowned for its privacy and security features, provided a secure messaging 

platform for transmitting conversations, photos, videos and data with end-to-end encryption. 

Its support for bots, autonomous accounts capable of various activities and services was a 

notable feature. Programmable bots could respond to commands, deliver notifications, provide 

information and interact with other users. 

 

In this system, Telegram and Telegram bots facilitated easy reception of alerts and 

notifications. A Telegram bot promptly alerted caretakers or family members upon detection of 

a fall by the monitoring system, facilitating quick response and enhancing elderly safety and 

well-being. 

 

The Raspberry Pi, a small and adaptable single-board computer, served as the bridge 

between Telegram and the monitoring system. Running the system's software and scripts, the 

Raspberry Pi detected falls and interacted with the Telegram bot. Upon detection of a fall by 

the Raspberry Pi's MPU6050 sensor, a Python application sent a Telegram Bot API message 

containing the fall details for swift response. 

 

The integration of Telegram and its bots with the stability of the Raspberry Pi streamlined 

warning and emergency response processes. This integration improved the efficiency of the 

fall detection and real time tracking system, enhancing emergency communication reliability 

and effectiveness. 

 

3.2.2 Email 

Email connectivity is important for ensuring immediate interaction and safety in this real 

time monitoring system for elder care. A fast email alert is sent by the system to caretakers, 

family members or specified contacts whenever the MPU6050 sensor which is attached to the 

Raspberry Pi notices unusual movement patterns or considerable motion that might be signs of 

a fall. The real time notice improves the safety and wellbeing of the people being watched by 

enabling quick response to possible situations. 

 

The email alert system operates in conjunction with other notification methods such as 

Telegram to establish a comprehensive and reliable safety network. Urgent notifications are 
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guaranteed to be received using this multi-channel technique even in the event that one 

communication channel is down. Important details are usually included in the emails like the 

degree of the motion that was detected and the person's location so that the receivers can 

respond promptly to evaluate the situation and take necessary action. 

 

Email works also efficient as a notification mechanism in this case because of its broad 

usability and lack of reliance on particular programs or technology, appealing to a wide range 

of users. Emails can also be stored and retrieved at a later time which is offering a recorded 

account of the incident that may be important for further reporting or treatment. Email is 

integrated into the monitoring system to guarantee that notifications are sent out on a regular 

basis even in situations when other communication channels can be compromised by technical 

malfunctions or connectivity problems. 

 

The solution strengthens the overall safety measures in place by integrating email alerts 

into the real time monitoring system to provide families and caregivers with increased certainty 

of immediate action. This feature makes the system an efficient and comprehensive tool for 

aged care by potentially eliminating additional dangers and speeding up reaction times in 

emergencies. 

 

3.2.3 Geany IDE 

Geany served as an Integrated Development Environment (IDE) renowned for its ease of 

use and adaptability, making it highly suitable for software development across various 

programming languages. Engineered for high speed, simplicity and user-friendliness, Geany 

catered to developers of all skill levels, offering a range of functionalities to streamline the 

coding process. 

 

Its ability to operate seamlessly across multiple platforms including Windows, macOS and 

Linux, made Geany a flexible option for developers working on different operating systems. 

Its interface boasted a polished and intuitive design, featuring a familiar layout with a text 

editor, project navigation sidebar and message window for compiler output and error warnings. 

 

The text editor within Geany provided syntax highlighting for numerous programming 

languages, enhancing code readability. Additionally, features such as auto-completion and code 

folding improved coding efficiency and productivity. The integrated file browser facilitated 
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easy navigation within project files while the integrated terminal provided convenient 

command-line access without exiting the IDE. 

 

Geany offered robust project management functionality, allowing developers to organize 

files into projects for seamless navigation and efficient management. Integration with version 

control systems like Git enabled developers to monitor changes and collaborate effectively with 

others. 

 

In the system described, Geany served as the primary IDE for programming the software 

components running on the Raspberry Pi. Within the Geany environment, developers worked 

on the fall detection algorithm, real-time tracking system and integration with services like 

Telegram and Blynk. The Raspberry Pi's lightweight yet powerful design optimized resource 

utilization, providing essential tools for efficient software development. 

 

Overall, Geany was recognized as a dependable and effective IDE, offering a wide range 

of functionalities to support software development across multiple programming languages. Its 

simplicity, speed and versatility made it well-suited for developing apps and systems where 

user-friendliness and optimal performance were paramount. 

 

3.2.3.1 Raspberry Pi OS 

The operating system used on the Raspberry Pi 3B for the real time monitoring system is 

called Raspberry Pi OS which was formerly known as Raspbian. Raspberry Pi OS, a Debian-

based Linux system is methodically built for the Raspberry Pi's hardware to ensure a reliable 

and effective running environment for the project's unique Python scripts and apps. 

 

 Compatibility with the many software packages and libraries required for the operation of 

the monitoring system depends heavily on the operating system. It provides tools for managing 

GPIO (General Purpose Input/Output) activities, handling data processing and facilitating 

communication between components. Python support is essential for developing the system's 

code. A graphical user interface (GUI) is another feature of Raspberry Pi OS that makes it 

easier to view system status and real-time data in an understandable and user-friendly way. 

 

 Additionally, by providing the required drivers and network configurations, Raspberry Pi 

OS is important for the integration of peripheral devices. The GPS module and communication 
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systems which are used to send email alerts and Telegram messages depend on this connection 

to function properly. The operating system makes sure the Raspberry Pi 3B runs smoothly, 

supporting the software and hardware parts of the surveillance system and providing 

dependable and efficient performance. 

 

 

Figure 3.10 Raspberry Pi OS 
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Chapter 4  

System Implementation 

 
4.1    Hardware Setup 

The system hardware is contained in a white container that is intended to be both useful 

and portable. The Raspberry Pi 3B, UPS Lite v1.2, MPU6050 sensor and GPS module are 

among the electronic parts that are shielded from the elements by this container which also acts 

as a barrier against dust, moisture and unintentional collisions. 

 

Since the container is designed with the needs of senior users in mind, portability is one of 

its primary features. Its lightweight and portable design makes it simple to move and set up in 

different spaces such as a house or assisted living facility.  

 

The white container which is easy for senior users to handle and move while offering strong 

protection for the hardware to assure that the real time monitoring system is both practical and 

functional overall. 

 

 

Figure 4.1 The Overview of Hardware 
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Figure 4.2 Overview of Hardware in Container 

 

4.1.1    Raspberry Pi 3B 

The Raspberry Pi 3B is installed inside a specially made white container that was selected for 

its mobility and user-friendliness. The device is protected by this container which also makes 

ports and connectors easily accessible. The elderly can easily transport or place the container 

in their living places without being noticed because of its small size. The UPS Lite v1.2 is 

linked to the Raspberry Pi to provide a continuous power supply even in the event of an 

outage hence enhancing the system's dependability and resistance. 

 

4.1.2    MPU 6050 

The MPU6050 sensor is used to give gyroscope and acceleration data in addition to motion 

detection. Effective communication between the devices is made possible by the I2C interface 

that connects this sensor to the Raspberry Pi. The sensor tracks movement continually which 

enables the system to identify potential emergencies such as falls or unusual motion patterns. 

The Raspberry Pi processes the real-time data gathered by the MPU6050 and if needed, 

initiates warnings and notifications. 

 

It connects the VCC pin from the sensor to the 3.3V DC power on the Raspberry Piôs pin, 

GND pin to Raspberry Piôs GND, SCL pin to Raspberry Piôs GPIO03 and SDA pin to 

Raspberry Piôs GPIO02. 

 



34 
 

 

Figure 4.3 The Connection of MPU6050 with Raspberry Pi 

 

4.1.3     NEO-6M GPS  

The system has an embedded GPS module that tracks the user's location. Through a serial 

link, the module sends precise geographic coordinates to the Raspberry Pi. In an emergency, 

this information is crucial for locating the user so that responders can get to them fast. The 

system's graphical user interface (GUI) shows the data from the GPS module as well 

to give users real-time location updates. 

 

Installation involved connecting the VCC pin on the module to the 5V DC Power on the 

Raspberry Pi, the RX pin on the module to the Raspberry Piôs TX pin, the TX pin on the module 

to the RX pin on the Raspberry Piôs TX pin, and the GND to the GND on the Raspberry Pi 

board. 

 

Figure 4.4 The Connection of NEO-6M GPS Module with Raspberry Pi 
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4.1.4    UPS Lite 1.2 

One important part that keeps the system running in the event of a power outage is the UPS 

Lite v1.2. The Raspberry Pi and other linked devices may draw up to 1.3A of output current 

when using battery power alone and up to 2A when using external power due to the UPS Lite's 

maximum charging current of 400mA at 5V and its output current capabilities. Furthermore, 

with a battery state of charge (SOC) accuracy of ±2% and voltage measurement errors of 

±3mV, the UPS Lite offers real-time battery status monitoring. This increases the system's 

dependability by enabling it to monitor power levels and alert users when recharge is required. 

 

For the installation of the UPS Lite v1.2 onto the Raspberry Pi 3B, soldering was not 

utilized. Instead, the installation process consisted of aligning the Raspberry Pi's four mounting 

holes with the UPS Lite's corresponding screws. The corresponding nuts were tightened to seal 

the connection after it had been aligned. Pogo pins and pins were used to establish the interface 

between the Raspberry Pi and the UPS Lite to ensure a secure and reliable setup without the 

need for soldering.  

 

4.2   Software 

The purpose of the software implementation is to create an organized and effective system 

that can analyze data, send out alerts, and give users real-time updates. Python is the main 

programming language used because of its ease of use, adaptability and wide library 

support which make it perfect for creating the system's numerous features. 

 

4.2.1    Python  

The main programming language used by the system is Python. It makes the creation of the 

real time monitoring system easier and allows for the simple integration of various parts like 

communication modules and sensors. Python is a suitable choice for speedy development and 

debugging because of its readability and simplicity of usage. As the figure below shows, all 

the source code is saved as .py file. 
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Figure 4.5 Overview of Source Code using Python 

 

4.2.2    Smbus 

The MPU6050 sensor uses the I2C protocol and communication with it is facilitated via 

the smbus Python package. Through the use of this module, the system is able to read sensor 

data including information on motion detection and process it in order to decide whether to 

trigger an alert.  

 

read_byte(adr): On the MPU6050, this function reads a single byte from a given register 

address. 

read_word(adr): Generates a 16-bit word by concatenating two consecutive bytes. 

read_word_2c(adr): This function reads a 16-bit word and uses the 2's complement format to 

convert it to a signed integer. 
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Figure 4.6 Coding for smBus 

 

4.2.3     Serial 

The purpose of the serial module is to manage serial port communication with the GPS 

module. The GPS module and serial module communicate serially via the serial module. 

Through a serial port, it enables the Raspberry Pi to receive location data. This information is 

processed in conjunction with sensor data to offer thorough monitoring and is essential for 

tracking the user's location. 

 

 

Figure 4.7 Coding for Serial 
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4.2.4    Pynmea2 

GPS data is often written in NMEA sentences which are parsed using the pynmea2 library. 

With the use of this library, accurate tracking and integration with the monitoring system are 

made achievable by the extraction of latitude and longitude data from the GPS module's data. 

 

 

Figure 4.8 Coding for Pynmea2 

 

4.2.5     Smtplib and Email 

The smtplib and email modules work in tandem to send email alerts when specific 

conditions are met, such as detecting motion via the MPU6050 sensor. The system uses email 

to create an email message, then uses smtplib to send it using the Simple Mail Transfer Protocol 

(SMTP). 

 

Figure 4.9 Coding for Smtplib 
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4.2.6    Tkinter  

The system's graphical user interface (GUI) is constructed using tkinter. Users can connect 

with the system more easily. GPS coordinates and the state of the motion detection are among 

the real-time data displayed by this interface. Tkinter offers an easy-to-use interface for 

interacting with the system and viewing its outputs. 

 

 

Figure 4.10 Coding for Tkinter 

 

4.2.7     Telepot 

The systemôs integration of Telegram alerts is handled by the telepot library in conjunction 

with the Telegram Bot API. The system immediately notifies the userôs Telegram account 

when motion is detected or significant incidents take place. This part offers a way to 

communicate with users in real time via Telegram, allowing for quick system status updates. 

 

Figure 4.11 Coding for Telepot 

 



40 
 

4.2.8   CSV 

The CSV module is used to record information into CSV files including location with date, 

time and platform, as well as motion detection events. This makes keeping records and 

subsequent analysis more efficient. 

 

 

Figure 4.12 Coding for CSV 

 

4.2.9    Datetime  

The datetime module provides current date and time information. It is used to timestamp 

log entries and events, enhancing the systemôs ability to track when specific actions or alerts 

occurred. 

 

 

Figure 4.13 Coding for datetime in GUI 

 

4.2.10     os module 

The os module is used for interacting with the operating system such as checking the 

existence of files and handling file operations. 

 

 

Figure 4.14 Coding for os module 
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4.2.11    Telegram Bot API 

Real time alerts are sent to the user's Telegram account using the system's integration of 

the Telegram Bot API. Users are assured to receive real time system status updates due to this 

service. 

 

 

Figure 4.15 Overview of Telegram Bot 

 

4.2.12     Email STMP Server 

Email alerts generated by the system are set up to be sent via the Gmail SMTP server. It 

offers an accurate and safe method for sending alerts via the internet. When motion is detected, 

alert email will send to usersô email with the level of motion detected and the location. 
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Figure 4.16 Coding for Email STMP Server 

 

4.2.13      Geany IDE 

The development environment used to write and debug Python scripts is called Geany IDE. 

It is the ideal choice for this project because of its lightweight architecture and wide range of 

module support which allow for effective code management and execution. 

 

4.2.14      Raspberry Pi OS 

The operating system that powers the Raspberry Pi 3B is called Raspberry Pi OS. It offers 

the environment required to run Python scripts, control hardware, and communicate with other 

devices. 
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Chapter 5 

System Evaluation and Discussion 
 

The several interrelated parts of the real time monitoring system for elderly indicated 

significant functionality and efficacy. The system's primary component was a user-

friendly Graphical User Interface (GUI) that split observed motion levels into three categories: 

Level 1, Level 2 and Level 3. The GUI offered quick and clear feedback on detected motion 

levels. With the help of this user-friendly graphical user interface (GUI), caregivers or users 

were able to promptly comprehend and analyse the motion detection statuses, enabling them 

to take suitable action in accordance with the degree of motion observed. 

   

5.1  Code Segmentation 

 

Figure 5.1 Coding for Telegramôs Alert Message 

 

  The real time alerts made feasible by the system's interface with Telegram improved its 

alerting capabilities. Telegram commands allow users or caregivers to handle alerts and retrieve 

information from the system. Several features were introduced in the Telegram integration. 

Users may refer to the current time by using the /time command which showed it. A welcome 

message was displayed using the /hi command to ensure user interaction with the system. Users 
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can reset the alert system by using the /reset command which enabled notifications again after 

they had been temporarily stopped to prevent spamming. 

 

The system uses Telegram to send warnings based on the detected motion's severity when 

it was detected. Levels of severity were used to characterize the alert messages: 

 

- Level 3: The system sent an emergency alert with a message stating, "Emergency!!! Serious 

Fall Detected! Immediate Response Required!!" This message signalled a serious situation 

requiring immediate attention. 

 

- Level 2: The system issued a critical alert with the message, "Critical! ! Immediate 

Attention Required!! Action Needed Now!" indicating that urgent action was necessary. 

 

- Level 1: A less severe alert was sent with the message, "Alert! Possible Fall Detected! 

Please Verify!" suggesting that the situation should be verified. 

 

 

Figure 5.2 Coding for Close Program in GUI 

 

This code was used for the GUI. When the user clicked the close button, a message box 

would pop up to ask if the user really wanted to close the program. If the user chose "yes," the 

program closed and returned to the GUI. If "no" was chosen, the program remained active. 
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Figure 5.3 Coding for Telegram Components 

 

This code handled the Telegram component. When input was received from Telegram, it 

displayed the output in the Telegram bot. At that time, it only included functions to display the 

current time and a welcome screen. When "/hi" was received, it displayed the welcome screen 

and when "/time" was received, it displayed the current time. 

 

 

Figure 5.4 Coding for Motion Detection 
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  This code segment controlled the motion detection part. It categorized motion detection 

into three levels: level 1, level 2 and level 3. The GUI text color changed dynamically based 

on the detected motion level: green when no motion was detected, yellow for level 1, orange 

for level 2 and red for level 3. 

 

 

Figure 5.5 Coding for GUI 

 

This code segment governed the Graphical User Interface (GUI) of the real time monitoring 

system for the elderly. The window title was set as "Real Time Monitoring System for Elderly". 

Within the GUI, it displayed information about motion, its current status, time, date and the 

real time location. 
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Figure 5.6 Coding for GPS 

 

The real-time monitoring system's GPS data management is handled by this code segment. 

It reads data continuously from the serial port which is where GPS data is sent. The NMEA 

phrase parsing method used by the programs to process this data focuses on extracting latitude 

and longitude information. Real time location updates are then provided by formatting and 

displaying these coordinates on the GUI. To ensure that the system stays functional and 

dependable, the segment also has strong error handling to handle potential difficulties like data 

parsing failures and serial communication issues. 
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Figure 5.7 Coding for Email Alert Message 

 

This code segment manages the process of sending email alerts based on the detected level 

of motion and the location of the elderly. It first determines the appropriate email subject and 

body based on the severity of the motion detected, categorized into levels 1, 2 and 3. The email 

text is customized for every level, take into consider the elderlyôs location and degree of 

urgency. Based on the location of the old person and the detected motion level, the algorithm 

creates and sends an email alert. It formats the email using the MIMEMultipart class and sends 

the message by interacting with an SMTP server. The code logs the alert information such as 

the location, alert type and timestamp to a CSV file for documentation purposes after delivering 

the email. Errors that arise throughout this process are notified so that they can be fixed. 

 

 

Figure 5.8 Coding to Store Data into CSV File 

 

The code segment handles logging alert information into a CSV file. The logging of alert 

data into a CSV file is handled by the code section. It initially verifies that the file is there 
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before writing the header row which includes column names like "Timestamp," "Alert Type," 

"Level," "Location," and "Date." The supplied alert details such as the timestamp, alert type, 

motion level, location and date are then written to a new row. This ensures a continuous log of 

all alerts for analysis and future reference. 

 

5.2  Real Time System Performance Analysis 

Table 4.1 Motion Alerts Recorded for Location 1 

 

 

 

Figure 5.9 Motion Alerts Recorded by in CSV File for Location 1 

No Date Time Telegram Email Alert Type Motion Level Location

1 31/8/2024 11:21 AM 11:21 AM 11:21 AM Attention 1 4.71295, 101.10649

2 31/8/2024 11:22 AM 11:22 AM 11:22 AM Alert 2 4.71293, 101.10649

3 31/8/2024 11:23 AM 11:23 AM 11:23 AM Emergency 3 4.71295, 101.10649

4 31/8/2024 11:24 AM 11:24 AM 11:24 AM Alert 2 4.71291, 101.10649

5 31/8/2024 11:25 AM 11:25 AM 11:25 AM Attention 1 4.71265, 101.10654

6 31/8/2024 11:26 AM 11:26 AM 11:26 AM Attention 1 4.71288, 101.10642

7 31/8/2024 11:27 AM 11:27 AM 11:27 AM Emergency 3 4.71310, 101.10655

8 31/8/2024 11:28 AM 11:28 AM 11:28 AM Attention 1 4.71287, 101.10651

9 31/8/2024 11:29 AM 11:29 AM 11:29 AM Alert 2 4.71290, 101.10647

10 31/8/2024 11:30 AM 11:30 AM 11:30 AM Emergency 3 4.71294, 101.10648

11 31/8/2024 11:31 AM 11:31 AM 11:31 AM Alert 2 4.71295, 101.10650

12 31/8/2024 11:32 AM 11:32 AM 11:32 AM Emergency 3 4.71296, 101.10650

13 31/8/2024 11:33 AM 11:33 AM 11:33 AM Attention 1 4.71300, 101.10653

14 31/8/2024 11:34 AM 11:34 AM 11:34 AM Emergency 3 4.71332, 101.10652

15 31/8/2024 11:35 AM 11:35 AM 11:35 AM Alert 2 4.71299, 101.10654

16 31/8/2024 11:36 AM 11:36 AM 11:36 AM Alert 2 4.71314, 101.10650

17 31/8/2024 11:37 AM 11:37 AM 11:37 AM Attention 1 4.71283, 101.10650

18 31/8/2024 11:38 AM 11:38 AM 11:38 AM Attention 1 4.71302, 101.10647

19 31/8/2024 11:40 AM 11:40 AM 11:40 AM Emergency 3 4.71299, 101.10645

20 31/8/2024 11:41 AM 11:41 AM 11:41 AM Alert 2 4.71295, 101.10644
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Table 5.2 Motion Alerts Recorded for Location 2 

 

 

 

Figure 5.10 Motion Alerts Recorded by in CSV File for Location 2 

 

The table provided demonstrates the real time capabilities of the monitoring system by 

showcasing its response to detected motion over a series of timestamps. Each entry in the table 

No Date Time Telegram Email Alert Type Motion Level Location

21 2/9/2024 2:56 AM 2:56 AM 2:56 AM Emergency 3 4.70808, 101.11001

22 2/9/2024 2:57 AM 2:57 AM 2:57 AM Alert 2 4.70819, 101.10990

23 2/9/2024 2:58 AM 2:58 AM 2:58 AM Emergency 3 4.70827, 101.10982

24 2/9/2024 2:59 AM 2:59 AM 2:59 AM Emergency 3 4.70826, 101.10982

25 2/9/2024 3:00 AM 3:00 AM 3:00 AM Attention 1 4.70825, 101.10983

26 2/9/2024 3:01 AM 3:01 AM 3:01 AM Attention 1 4.70825, 101.10986

27 2/9/2024 3:02 AM 3:02 AM 3:02 AM Alert 2 4.70823, 101.10989

28 2/9/2024 3:03 AM 3:03 AM 3:03 AM Attention 1 4.70821, 101.10996

29 2/9/2024 3:04 AM 3:04 AM 3:04 AM Emergency 3 4.70821, 101.10994

30 2/9/2024 3:05 AM 3:05 AM 3:05 AM Alert 2 4.70822, 101.10986

31 2/9/2024 3:06 AM 3:06 AM 3:06 AM Attention 1 4.70839, 101.10969

32 2/9/2024 3:07 AM 3:07 AM 3:07 AM Attention 1 4.70822, 101.10986

33 2/9/2024 3:08 AM 3:08 AM 3:08 AM Alert 2 4.70818, 101.10984

34 2/9/2024 3:09 AM 3:09 AM 3:09 AM Alert 2 4.70828, 101.10973

35 2/9/2024 3:10 AM 3:10 AM 3:10 AM Attention 1 4.70824, 101.10984

36 2/9/2024 3:11 AM 3:11 AM 3:11 AM Attention 1 4.70828, 101.10995

37 2/9/2024 3:12 AM 3:12 AM 3:12 AM Emergency 3 4.70823, 101.10982

38 2/9/2024 3:13 AM 3:13 AM 3:13 AM Emergency 3 4.70815, 101.10975

39 2/9/2024 3:14 AM 3:14 AM 3:14 AM Alert 2 4.70814, 101.10973

40 2/9/2024 3:15 AM 3:15 AM 3:15 AM Attention 1 4.70823, 101.10981
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details the alert type, motion level and location at specific times to illustrate how the system 

accurately detects and categorizes motion events as they occur. 

 

 The data reveals that the system is highly responsive, with alerts being generated and 

categorized almost instantaneously. This can prove by the alert log written in the .csv file and 

attached above. Time stamps are applied to each entry to show that alerts are sent out and 

recorded quickly. The system's ability to quickly adjust its alert based on the detected motion 

level is demonstrated. For example, by the "Attention" alert that was generated by a motion 

event identified at 11:21 AM. This was followed by alerts of different levels, such as "Alert" at 

11:22 AM and "Emergency" at 11:23 AM. 

 

 The immediate receiving of alerts via email and Telegram upon motion detection served as 

additional confirmation of the system's functionality. Testing validates that the system not only 

recognizes motion in real time but also makes sure that alerts are promptly sent out 

to give timely warnings for any motion that is identified. 

 

 By collecting data at regular one-minute intervals, 20 data for each location, it is evident 

that the system operates effectively in real time, maintaining prompt responsiveness and 

accurate alerting. Applications requiring instant awareness and response to motion events 

depend on this real time capability. 

 

5.3  Output of System 

 

Figure 5.11 Output When No Motion Is Detected. 
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Figure 5.12 Output When Level 1 Motion Is Detected. 

 

 
Figure 5.13 Output When Level 2 Motion Is Detected. 

 

 

Figure 5.14 Output When Level 3 Motion Is Detected. 
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Figure 5.15 GUI When Close The System. 

 

 

Figure 5.16 Output From Terminal When Input From Telegram. 
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Figure 5.17 Output in Telegram. 

 

 
Figure 5.18 The Alert Email Received in Gmail 
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Figure 5.19 The Alert Email for Level 1 Motion Detected 

 

 
Figure 5.20 The Alert Email for Level 2 Motion Detected 

 
 
 



56 
 

 
Figure 5.21 The Alert Email for Level 3 Motion Detected 

 

 
Figure 5.22 The Location For 4.71324, 101.10644 in GPS Coordinator 
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Figure 5.23 The Location For 4.70876, 101.10566 in GPS Coordinator 

 

 
Figure 5.24 The Location For 4.71295, 101.10649 in GPS Coordinator 

 

 
Figure 5.25 The Location For 4.713, 101.10653 in GPS Coordinator 
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Figure 5.26 The Location For 4.71283, 101.1065 in GPS Coordinator 

 

 

 
Figure 5.27 Data Recorded in Raspberry Pi's CSV File 
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Figure 5.28 Data Recorded in Raspberry Pi's CSV File 
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Chapter 6 

Conclusion 

 

6.1  Conclusion 

The development of the real-time monitoring system for the elderly represents a significant 

advancement in elder care technology. All of the main goals of the project are accomplished 

by this system, which combines GPS tracking, email and Telegram alert messaging and alert 

logging in LibreOffice on a Raspberry Pi. The older population's safety and well-being have 

been significantly improved by the effective application of these components. 

 

The GPS component of the device allows for accurate real-time location tracking, allowing 

family members and caregivers to keep a close eye on senior citizens' whereabouts. Caretakers 

are guaranteed to receive timely notifications about potential emergencies through email and 

Telegram, which allows for prompt intervention and lowers the possibility of unfavourable 

consequences. Furthermore, LibreOffice's alert recording system enables thorough record-

keeping which facilitates the study of past data and enhances future care plans. 

 

The system exhibits its efficacy in tackling crucial concerns associated with senior care like 

fall detection, roaming and emergency response by fulfilling all project objectives. The 

Raspberry Pi is used to ensure that the system performs well and stays affordable. This 

achievement highlights how technology can promote older people's independence and improve 

the quality of care they get.    

 

To keep the technology dependable and adaptable to the changing needs of senior care, it 

will be crucial to concentrate on improving system components and resolving any issues as the 

project moves forward. 
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6.2   Recommendation 

A number of calculated enhancements are suggested in order to further boost the senior 

real-time monitoring system's dependability and efficacy. It is imperative to tackle the issues 

pertaining to email communication in order to guarantee the timely and constant delivery of 

alert alerts. This includes fixing problems with connectivity and strengthening the email alert 

system's resilience. Furthermore, improving the accuracy of the fall detection algorithms would 

aid in lowering false positives and negatives, boosting user confidence and the system's 

dependability. 

 

Another crucial suggestion is to increase the system's capacity for health monitoring. 

Including more sensors to monitor vital signs, activity levels and general health metrics will 

give a more complete picture of an elderly's health. This method will assist a proactive care 

plan and enable early intervention.  

 

  It is recommended to create an integrated web interface in order to facilitate real-time 

monitoring, historical data analysis and remote management. The availability of a companion 

mobile app would improve user accessibility even more by enabling caregivers and family 

members to keep an eye on the system's status from their tablets or smartphones. Convenient 

and quick access to vital information would result from this, improving system monitoring and 

administration. 

 

Adding machine learning algorithms and advanced analytics may improve the system's 

performance. Proactive alarms and enhanced fall prevention techniques can be made possible 

by predictive analytics which can provide insightful information about movement patterns and 

possible hazards. Furthermore, by adding programmable notifications and configurable visual 

or audio alerts to the alert systems, caregivers will be able to respond quickly to situations and 

important information will be transmitted efficiently.  

 

  All in all, these suggestions are meant to enhance the monitoring system even further, 

making it more dependable, approachable and equipped to provide all-encompassing care. 

By creating a mobile app, the system will keep enhancing the lives of senior citizens by 

promoting their independence and safety in a variety of care environments. 
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