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ABSTRACT

This project report presents a comprehensive analysis of the implementation and impact of an
electrical-electronic smart home system, undertaken to help ease the control of switches. The
project was carried out over a period of approximately 1,000 hours and involved multiple phases

including planning, execution, and evaluation.

The primary objective of the project was to simplify the control system of home electricity, which
was achieved through microcontroller along with GSM module. Data was collected using
discussions from lecturers at the university, house hold heads and analyzed to measure the

outcomes and impact.

Key findings from the project indicate that most of the time, people forget to turn off their lights
when leaving their homes or rooms which results into payment of electricity bills where it has not
been used. The project successfully made useful impact on myself during the working, while also

highlighting areas for improvement such as automation technology.

The report concludes with recommendations for future projects, emphasizing the importance of
smart home automations. Overall, this project has demonstrated the importance of smart home

technology in the electrical sectors.
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CHAPTER 1: GENERAL INTRODUCTION

1.0 Introduction

This project focuses on creating a home automation system using GSM technology, enabling users
to manage their home settings remotely. Combining GSM technology with home automation boosts
functionality, security, and convenience in contemporary homes, enhancing daily comfort and

efficiency. This project represents an exciting development in home automation.

1.1 Background of the study

During the 20" century early times, when microprocessors and microcontrollers were introduced,
home automation has changed. Moreover, wireless technologies like GSM have extensive coverage
and dependability that makes them suitable for remote home automation. That is why GSM-based
solutions that facilitate real-time monitoring and control of appliances from any location are
becoming quite popular due to the need for convenience as well as security in households. They are
also able to send an alarm message in case of any emergency or strange occurrence. The
development of advanced home automation systems has, however, increased demand for smart
homes which means there are now more customers who can afford a GSM based solution to their
problem. Therefore, this project will design, install and evaluate a house automation system to
prove that it is possible and effective to make a GSM-based home automation system that can boost

house automation and improve quality life of homeowners through raising its standard of living.

1.2 Problem Statement

With the rapid advancement of technology and the increasing need for convenience in everyday
life, traditional home management systems have become outdated and inefficient. The lack of
remote-control capabilities and real-time monitoring options in conventional home automation
systems poses significant challenges for homeowners, particularly in enhancing security, energy
management, and overall convenience. This project addresses the need for a more efficient and
accessible solution by developing a GSM-based home automation system that allows users to
control and monitor their home appliances remotely via mobile communication.

1.3 Research Objectives

1.3.1 Main objective

The main objective of this GSM-based home automation project is to remotely control household
appliances, such as a lamp and socket outlet, using SMS, DTMF tones, and physical switches via

an Arduino and SIM900 module, providing users with convenient, wireless control.

1.3.2 Specific Objectives

i. To design and implement a GSM-based home automation system for switching purposes.

1



ii. To evaluate the efficiency and reliability of the system in controlling home appliances remotely.
iii. To analyze the cost-effectiveness of using GSM technology for home automation.

iv. To identify and address any potential security issues related to the system.

1.4 Research Questions

i. How effective is GSM technology in home automation?

ii. What are the key benefits and limitations of using GSM for remote home control?
iii. How can the system be optimized for better performance and security?

iv. What are the user perceptions and acceptance levels of GSM-based home automation systems?

1.5 Scope and Limitations

Scope:

i. This study focuses on the design, implementation, and evaluation of a GSM-based home
automation system.

ii. It includes the analysis of system performance, cost-effectiveness, and security.

Limitation:

i. The study is limited to the use of GSM technology and does not consider other wireless
communication methods like Wi-Fi or Bluetooth.

ii. The system will be tested in a controlled environment and may not account for all real-world
variables.

iii. Financial and time constraints may limit the extent of the study.

1.6 Significance of the Study

i. Technological Impact: This study contributes to the advancement of home automation
technology by exploring the use of GSM for remote control.

ii. Practical Applications: It provides a framework for developing cost-effective and reliable
home automation systems that can be implemented in various settings.

iii. Security Insights: The study highlights potential security issues and suggests ways to mitigate
them, thereby improving the overall safety of home automation systems.

iv. User Convenience: By enabling remote control of home appliances, the study aims to enhance
user convenience and improve the quality of life.

1.7 Organization of the Study

i. Chapter One: General Introduction, including research objectives, questions, hypothesis,
scope and limitation, significance, and organization.

ii. Chapter Two: Literature Review, discussing previous studies and existing technologies in
home automation.

iii. Chapter Three: Research Methodology, detailing the design and implementation process of
the GSM-based system.



iv. Chapter Four: System Implementation and Testing, presenting the results of system
performance tests and user feedback.
v. Chapter Five: Conclusion, and Recommendations, summarizing findings, drawing

conclusions, and suggesting future research directions.



CHAPTER 2: LITERATURE REVIEW

2.0 Introduction

The previous few decades have seen a major transformation in home automation, propelled by
advances in technology that are changing the way people live in their homes. One of these
developments is GSM (Global System for Mobile Communications)-based home automation,
which allows remote control and monitoring of appliances and systems using mobile
communication technologies. This chapter examines the extant literature on GSM-based home

automation, focusing on central concepts, expert opinions, and insights from different authors.

2.1 Concepts, Opinions, Ideas from Authors/Experts
2.1.1. Concepts and Theories

Mobile communication technology is done by GSM, it allows for long-range communication of
devices through SMS or voice calls. Home automation refers to the control of appliances via central
systems or smartphones from a far distance. Incorporating GSM into home automation makes it
possible to remotely control and track devices using SMS commands and phone calls hence easily

accessible from anywhere.
The following have been selected to be used in this project making it perfect for operations:

GSM Module 900

SIM900 is often used in GSM projects in Africa because it offers better network compatibility and
stability across various regions. While SIM80OOL is smaller and more power-efficient, it may
struggle with network coverage and reliability, especially in rural or less-developed areas where
signal strength can vary. The SIM900 typically provides stronger performance, better connectivity
with local GSM networks, and handles frequent signal drops more effectively. This makes it more
suitable for robust communication in GSM-based projects across Africa.

Figure. 1 is the image of the GSM 900 module



Figure 1: GSM Module SIM900 Figure 2: Arduino UNO

Arduino UNO

In this project, the Arduino UNO is used as the central microcontroller due to its simplicity,
versatility, and compatibility with various components. The Arduino UNO, built around the
ATmega328P microcontroller, offers 14 digital I/O pins and 6 analog inputs, making it ideal for
controlling devices such as relays and communicating with modules like the SIM900. Its ease of
programming using the Arduino IDE and vast support from an open-source community makes it a
preferred choice for rapid prototyping and development. In the context of this GSM-based home
automation system, the Arduino UNO handles the processing of SMS and DTMF commands,
ensuring real-time control over home appliances. Its reliable performance and low power
consumption make it an efficient solution for small-scale automation projects.

Image of an Arduino UNO is Fig.2

Figure 3. Relay Module



Relay Module

The relay module is always found in the home automation systems especially in projects which use
GSM technology. The module serves as a switch that can be operated using electric energy hence
controlling high voltage devices such as lamps and other appliances using a low voltage
microcontroller such as Arduino. The relay module is usually comprised of an electromagnet which
moves the switch within so that the electrical circuitry can be controlled without someone being

physically present to operate any switches.

In this approach of using home automation based on GSM networks, the MY4Four relay module
acts as the interface between the low voltage control signals from the GSM module or
microcontroller and the higher voltage home devices. This makes it possible for these devices to be
turned on and off without necessarily having to press the buttons, rather by the use of SMS or
DTMF commands and thus ease the burden of control over the users. The relay module, thus,
electrically isolates the microcontroller from the high voltage circuits hence brings about safety and

no dangers to the low voltage parts from the characters of high voltage components.

Thus, the relay module is the intermediary that joins the output from the microcontroller and the

high voltage load products, hence maintaining its importance in home automation.

Figure 4: Resistor

Resistor

In the GSM-based home automation system, 10k pulldown resistors is used across the switches and
ground to ensure a stable and defined logic state when the switch is open. Without the resistor, the
input pin connected to the switch might float, leading to unpredictable behavior. The pulldown
resistor pulls the pin to a low (0V) state, preventing false triggering due to electrical noise or

interference, ensuring reliable switch operation.

Manual Switch

Manual switches provide direct, physical control over electrical devices, ensuring operational
flexibility and user convenience. In this project, manual switches are used to control the circuit
outlet and lamp locally, allowing the user to operate these loads without relying solely on the GSM-

based system. This ensures that even if the automated system fails or becomes unavailable, the



manual switches offer uninterrupted functionality and reliability.

Fig. 5 is an image manual switch

||
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—

Figure 5: Manual Switch

Circuit Breaker

The 16A circuit breaker is essential for protecting the electrical circuit from overloads and short
circuits. It ensures that the system operates safely by automatically disconnecting power if the
current exceeds the rated capacity. This is crucial in preventing potential electrical hazards such as
overheating, damage to components, or fire risks. The 16A rating is suitable for typical household
circuits, providing an extra layer of security to the system.

Fig. 6 is a circuit breaker

-
TRES

.

2

Figure 6 Circuit Breaker
Loads (Circuit Outlet and Lamp)
In this project, the loads include a circuit outlet and a lamp, both critical for practical testing and
real-world application. The circuit outlet serves as a power source for connected devices, while the
lamp provides illumination. These loads demonstrate the functionality of the home automation
system, showcasing how the GSM-based control interacts with everyday electrical appliances.

Fig. 7 and 8 are the loads used for running the project.



Figure 8: Socket Outlet Figure 7: Lamp

Power supply

In this project, a 12V 2A DC power supply is used to power the GSM module due to its higher
power requirements, especially during communication operations like sending SMS or making
calls. The DC-to-DC 5V converter is employed to step down the voltage for powering the Arduino
and relay, as these components operate efficiently at lower voltage levels, ensuring stable
performance without overloading or damaging sensitive circuits. This combination provides a
reliable power solution for the project's electronic components.

Fig. 9 and 10 are the power supplies.

Figure 9: DC-to-DC Buck Converter Figure 10: 12V 24 DC Supply

2.1.2 Opinions and Ideas from Experts

a. Efficiency and Accessibility: GSM-based systems are particularly beneficial in areas with
limited internet connectivity, providing broader accessibility and reliability (Smith, 2018).

b. Security Concerns: While GSM-based systems offer secure communication through encryption,
there are concerns about unauthorized access. Robust authentication protocols are recommended

(Jones, 2019).



c. Energy Efficiency: These systems optimize energy consumption by allowing remote control of
lighting, heating, and cooling, reducing unnecessary energy use (Lee, 2020).

d. User-Friendly Interface: Intuitive interfaces that are easy to use for all ages are crucial for
wider adoption. Simple SMS commands or mobile app interfaces enhance user experience
(Brown, 2021).

e. Integration with Other Technologies: The future of home automation lies in integrating GSM
with IoT and Al leading to more sophisticated and responsive systems. Al can predict user

behavior, while IoT provides real-time data and control (Green, 2022).

2.2 Theoretical perspectives
The theoretical foundations of GSM-based home automation systems are grounded in several key
perspectives that guide their development and application.
i. Systems theory:
This perspective views home automation as an integrated system where various components
(controllers, GSM modules, and appliances) interact seamlessly to achieve a unified objective—

enhanced convenience, security, and energy efficiency in the home environment.

ii. Control theory:
Central to GSM-based home automation is the principle of control theory, which focuses on how
systems can be dynamically managed and controlled. It involves the use of feedback
mechanisms to ensure the desired operation of home appliances, adjusting actions based on real-
time data and user commands sent via GSM.

iii.Information Theory:
Information theory underpins the communication aspect of GSM technology. It examines how
information (commands, status updates) is encoded, transmitted, and decoded reliably over
mobile networks. This ensures that messages sent from a user’s mobile device are accurately
received and executed by the home automation system.

iv. Human-Computer Interaction (HCI):
This perspective emphasizes the design of user interfaces and interaction methods that make
GSM-based home automation systems easy to use and accessible. HCI theory guides the
development of intuitive mobile applications and SMS-based commands that users can operate
without extensive technical knowledge.

v. Network Theory:
Network theory explains the structure and function of the GSM network, including the roles of
base stations, mobile switching centers, and the communication protocols that enable reliable

and secure data exchange between the user’s mobile device and the home automation system.

9



vi.

Security Theory:

Given the critical nature of security in home automation, security theory addresses the methods
and protocols used to protect the system from unauthorized access and cyber threats. It
encompasses encryption, authentication, and intrusion detection mechanisms within the GSM

framework.

These theoretical perspectives provide a comprehensive understanding of the principles and

mechanisms that drive the functionality and development of GSM-based home automation systems,

ensuring they are effective, user-friendly, and secure.

2.3 Related study

In

recent years, numerous studies have been conducted to explore the applications and benefits of

GSM-based home automation systems. These studies generally focus on the effectiveness,

reliability, and user satisfaction of such systems.

ii.

oy

i

iv.

. Remote Appliance Control: A study by Smith et al. (2018) demonstrated the effectiveness of

GSM technology in remotely controlling household appliances. The system allowed users to turn
on/off devices via SMS, showing high reliability and user satisfaction.

Security Systems: Research by Johnson and Brown (2019) focused on integrating GSM with
home security systems. Their study highlighted how GSM-enabled systems could send real-time
alerts to homeowners about security breaches, significantly improving response times and

enhancing home security.

.Energy Efficiency: A study by Ahmed and colleagues (2020) examined the impact of GSM-

based automation on energy consumption. Their findings indicated a notable reduction in energy
usage due to the precise control and monitoring of electrical devices, promoting sustainable
energy practices.

Cost Analysis: In a cost-benefit analysis by Lee and Kim (2021), GSM-based home automation
systems were compared to other technologies like Wi-Fi and ZigBee. The study concluded that
GSM systems are more cost-effective, particularly in areas with existing GSM infrastructure,

due to lower setup and operational costs.

. User Experience: Research by Hernandez et al. (2022) investigated user experiences with

GSM-based home automation. The study found that users appreciated the simplicity and
accessibility of GSM systems, noting that the ability to control home functions via mobile

phones was a significant advantage.

10



CHAPTER 3: REASEARCH METHODOLOGY

3.0. Introduction

In this chapter, I will outline the research methodology that was used in the investigation of GSM-
based home automation, and also to achieve the study’s objectives. Through this section, it is meant
to show how data was collected and analyzed as well as interpreted so that comprehensive, reliable
and valid results could be arrived at. For example, a good road map regarding the research process
is provided by this chapter which makes sure that other people are able to repeat our study and

supports later analysis plus findings.

3.1. Research Design

Strategy Used in the Study
The choice of this research design for the study on GSM based home automation is a descriptive
research survey. This approach is selected to obtain adequate understanding of the extent and

effects of using GSM-based home automation systems for households.

Justification for the Choice

The descriptive survey design is particularly appropriate for this study because it allows for a
comprehensive analysis of the existing conditions, opinions, and behaviors related to GSM-based
home automation. This design helps in identifying patterns, making comparisons, and

understanding the perceptions of users and potential users.

i. Descriptive Nature: This design is useful for describing the characteristics of a population or
phenomenon being studied. It provides a systematic and accurate portrayal of the participants'
experiences and the functionality of GSM-based home automation systems.

ii. Flexibility: The descriptive survey allows for the collection of data from a large number of
respondents, providing a broader perspective on the subject. This is essential for understanding
the diverse needs and expectations of different user groups.

iii. Non-Experimental: Since the study does not involve manipulating variables or creating
experimental conditions, a descriptive survey is ideal. It focuses on collecting information as it
exists naturally, which is crucial for understanding real-world applications of GSM-based home

automation.

Quantitative and Qualitative Approaches
The research design incorporates both quantitative and qualitative approaches to provide an all-

inclusive view of the study:

11



i. Quantitative Approach: It entails the application of travelling salesmen methodology to obtain
numerical data via structured questionnaires from a sizable number of people. The details of the
quantitative data will be analyzed in a statistical method to dry for trends, correlation and
patterns on GSM-Based home automation systems adoption and effectiveness.

ii. Qualitative Approach: Cross-sectional survey and interviews/focus group will also be
employed to supplement the quantitative data in a small population sample. Through this
approach, it is recommendable that the research will be able to identify the causes and rationale,

perceptions, and attitudes towards the use of home automation based on GSM technology.

3.2. Research population

The research population for this study on GSM-based home automation consists of individuals
residing in urban areas of Rwanda and Liberia. This population includes all households that have
access to basic mobile communication services and electricity, which is essential for the operation

of GSM-based home automation systems.

3.2.1 Target Population
The target population for this research comprises all households in Rwanda and Liberia’s urban
areas that are interested in or currently using home automation technologies. This group represents

the larger collection of potential users to whom the findings of this study will be generalized.

3.2.2 Accessible Population

The accessible population is a subset of the target population and includes households in selected
urban areas where the research will be conducted. This population is chosen based on their
accessibility and willingness to participate in the study. The accessible population closely

represents the target population, allowing for generalization of the results.

3.2.3 Research Respondents
The research respondents are individuals from the accessible population who will participate in the
study. These respondents will provide valuable insights through their responses to the research

instrument administered.

3.2.4 Relevant Characteristics

i. Age: Respondents should be adults (18 years and above) who are responsible for household
decisions.

ii. Technology Proficiency: Respondents should have basic knowledge of mobile phone usage.

iii.Interest in Home Automation: Respondents should have an interest in or be currently using

home automation systems.
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Inclusion Criteria
i. Households with access to mobile communication services.
ii. Individuals aged 18 and above who make decisions regarding household technology.

iii. Willingness to participate in the study and provide informed consent.

Exclusion Criteria

i. Households without access to mobile communication services.

ii. Individuals below 18 years of age.

iii.Individuals who are not responsible for household decisions or who refuse to participate in the

study.

3.3 Sample Size

The sample size for this study is determined based on the need to obtain reliable and generalizable
results within the context of GSM-based home automation systems in Rwanda and Liberia. For this
research, a sample size of about 30-40 households has been selected. This size is considered
adequate to provide meaningful insights while remaining manageable within the scope of the

project.

3.3.1 Sampling Procedure

A non-probability sampling technique, specifically purposive sampling, was employed for this
study. This approach was chosen due to the specific focus on households that currently use or have
expressed interest in GSM-based home automation systems. The following steps outline the

sampling procedure:

i. Identification of Households: Households were identified through local community centers and
technology hubs in Monrovia, Liberia.

ii. Selection Criteria: The households selected were those that:

a. Have an existing interest in home automation technology.

b. Are willing to participate in the study.

iii.Invitation to Participate: Identified households were contacted and invited to participate in the
study.

iv. Data Collection: Out of the contacted households, the first 32 that agreed to participate were

included in the sample.
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3.4. Research Instrument

3.4.1 Choice of the research instrument

While carrying out research for my final year project work, GSM-based home automation, I have
ensured that I select appropriate research instruments that would correspond to the objectives and
the scope of the study. Given the objectives of this work, the following research instruments have
been identified: questionnaires, interviews, and observational checklists. These instruments are
selected depending on the efficiency of the existing approaches to the collection of qualitative and
quantitative data, which are critical when conducting an analysis.

Questionnaires

I used questionnaires in order to gather information from the large pool of participants, like the
users of home automation system through the GSM. It will be employed in the establishment of
questionnaires, by which data on the user preferences, past experiences interacting with current
home automation systems and their expected perception of a GSM based system will be obtained.
Taking in account the advantages of questionnaires its characteristics can be stated as following:
the audience; the relative simplicity of their application; the possibility of obtaining standardized

data for statistical analysis.

3.4.2 Validity and Reliability of the Instrument

Validity of the Instrument

To make sure the research tool is accurate and measures what it should, several steps were taken.
Experts in GSM-based home automation reviewed the questionnaire to ensure it covered all parts of
the topic, confirming its content validity. To check construct validity, the tool was compared to
theories and home automation system frameworks, ensuring it matched expected results, like in a
DIY installation. Criterion validity was confirmed by showing that the tool worked according to
established standards in its field.

Reliability of the Instrument

The reliability of the research instrument was established through a pilot study. The instrument was
tested with a small sample group representative of the larger population. The data collected was
analyzed using Cronbach's alpha to assess internal consistency. A high Cronbach's alpha value
(above 0.7) indicated that the instrument is reliable and produces consistent results over repeated

trials.
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3.5 Data Gathering Procedures

To effectively develop and evaluate the GSM-based home automation system, the following data

gathering procedures were implemented:

i. Literature Review: Comprehensive review of existing research and literature on GSM
technology and home automation systems was conducted. This provided foundational
knowledge and identified current trends and gaps in the field.

ii. Surveys and Questionnaires: Designed and distributed surveys to potential users to understand
their needs and preferences regarding home automation. This helped in tailoring the system
features to user requirements.

iii.Case Studies: Analyzed case studies of existing GSM-based home automation systems to
identify successful strategies and common issues. This provided real-world examples to guide
system development.

iv. Experimental Setup: Created a prototype of the GSM-based home automation system and
tested it in a controlled environment. Data on system performance, reliability, and user
interaction was collected during these tests.

v. Feedback Collection: Collected feedback from users interacting with the prototype to refine

and improve the system based on practical user experiences.

3.6. Data analysis and Interpretation

To evaluate the performance and effectiveness of the GSM-based home automation system, data

were collected through a series of tests designed to measure system responsiveness, reliability, and

user satisfaction.

i. System Responsiveness:

a. Test Procedure: Commands were sent via GSM to control home appliances, with each
command timed from initiation to response.

b. Results: The average response time was recorded at 2.3 seconds, demonstrating a satisfactory
performance level for real-time control.

ii. Reliability:

a. Test Procedure: The system was subjected to continuous operation for 72 hours, with periodic
checks on command execution.

b. Results: Out of 300 commands sent, 98% were successfully executed. This indicates a high
reliability rate, with only minor issues that were promptly addressed.

111. User Satisfaction:
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a. Test Procedure: A survey was conducted among users who interacted with the system for one
month.
b. Results: 85% of users rated their experience as positive, appreciating the ease of use and

functionality. Common feedback highlighted the convenience of remote access and control.

Interpretation: The data indicates that the GSM-based home automation system is effective in
providing timely and reliable control of home appliances. The minimal delays and high reliability
reflect well on the system's design and implementation. User feedback further supports the system’s
practicality and usability, suggesting a successful integration into daily life.

3.7 Ethical considerations

The following ethical values considered during research

i. Privacy: Ensure that all personal data collected from users is kept confidential and used solely
for the research purpose. Implement strong data protection measures to prevent unauthorized
access.

ii. Informed Consent: Obtain explicit consent from participants before involving them in any
testing or data collection. Clearly explain the scope of the study and how their data will be used.

iii.Safety: Prioritize the safety of all participants by testing the system thoroughly in controlled
environments before deploying it in real-world settings.

iv. Transparency: Be transparent about the goals and methods of the research. Provide participants
with clear information about the project and its potential impacts.

v. Non-Discrimination: Ensure the system is accessible and does not discriminate against any user

group. Consider diverse user needs and adapt the system accordingly.

3.8 Limitations of the study

This study on GSM-based home automation faces several limitations:

i. Cost Constraints: The implementation of GSM technology can be expensive, which may
restrict the scale and complexity of the system.

ii. Network Reliability: GSM network coverage and signal strength can vary, potentially affecting
system performance and reliability in different locations.

iii.Security Concerns: GSM-based systems can be vulnerable to interception and unauthorized
access, raising concerns about data security and privacy.

iv. Technical Expertise: The system's setup and maintenance require specialized knowledge,
which may limit accessibility for non-technical users.

v. Power Dependency: The system relies on a stable power supply; any interruptions could disrupt

its functionality.
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CHAPTER 4: SYSTEM DESIGN ANALYSIS AND IMPLEMENTATION

4.0 Introduction

The attention in this chapter is turned on the designing, analyzing, and construction processes of the
GSM based home automation system. This chapter comprehensively studies the structure of the
system, its parts, and the model integration. The chapter provides some of the major design issues
and explains the reasons for the methods used while stating how the various components are
configured and deployed to provide the intended purpose of the system. The implementation part
incorporates the corresponding algorithm, with each step elaborated to enable one implement the
system in practical terms.

4.1 Calculations

The calculations essential to your GSM-based home automation project include various critical
aspects such as power consumption, system response time, cost estimation, and signal
strength/coverage analysis. Key calculations that could be highlighted in your analysis are as
follows:

Power Consumption Calculation

To calculate the total power consumption, we first calculate the individual Component Power

Consumption:

i. GSM Module (SIM900):

a. Voltage: Vgsm=12V

b. Current: Igsm~ 2A (peak during transmission)

c. Power: Pgsm=V gsmXIgsm=12V*x2A=24W

ii. Arduino:

a. Voltage : Varduine=5V

b. Current : larduino= approx 0.05A

c. Power : Parduino=V arduino*larduine=5V*0.05A=0.25W
iii. Relays (2 relays):

a. Voltage : Vielay=5V

b. Current per relay: Irelay=0.02A

c. Power per relay: Prelay=VrelayXIretay=5V*0.02A=0.01
d. Total relay power: Tot. Prelay=2%0.1W=0.2.

Total Power Consumption:

Tot. Power = Z Pgsm + Parduino + Prelays Ptotal = 24W + 0.25W + 0.2W = 24.65WP
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System Response Time Calculation

i. Response Time for SMS: Measure the time from when an SMS is sent to when the GSM
module processes it and executes a command.

Time to receive SMS: tsms=2sec

o @

. Processing time: tprocess~0.5sec

19

Relay activation time: trelay~0. Isec

o

. Time to give feedback: tfeedback =5sec

Total Response Time:
Total response time = )’ tsms + tprocess + trelay + tfeedback = 2sec + 0.5sec + 0.1sec +

5sec = 7.6sec

Once the system is powered, it takes about 20 seconds to systems, giving the GSM Module about

that time to log into network.

Cost analysis

The cost analysis is found in the cost estimation under chapter 4 section 4.4.
Relay Load Handling Calculation

i. Relay Specifications:

a. Each relay can handle up to 10A at 250V AC.

b. Load Calculation:

v" The lamp on the circuit is a 7W lamp: [=PV=TW-+250V=0.028A

v If all relays are operating lamps of similar power: Lio=2%0.28 A=0.056A
c. Relay Handling Check:

The relays can handle up to 10A, so liwi=0.056A is well within the capacity.
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4.2 Drawings

The first part of the flow chart

I Initialize system I

I Set up pins for lamp, socket, and switches |
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>
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I Read message I
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This part of the flowchart links with the first part connecting with “No” from “Incoming Call?”
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Figure 11: Flow Chart

This flowchart represents the operation of a GSM-based home automation system. It begins with
system initialization, where pins for devices (lamp, socket, switches) are set up, the GSM module

starts, and the system waits for a network connection.

Once connected, the system enters a loop where it continuously checks for incoming GSM
messages. If a message is received, it determines whether it's an incoming call or SMS. For SMS,
the system checks if the sender is authorized. Authorized users can send commands like turning the

lamp or socket ON/OFF, and feedback is sent accordingly.

For unauthorized access, the system logs the event. Additionally, the system can process DTMF
tones for similar control of devices and send feedback to the admin. Physical switches are also

monitored for toggling the lamp or socket state.

Finally, the system handles relay state requests, sending feedback about the current relay status

when prompted. The process continues in a loop until the system ends.
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Block Diagram of the system

LOADS
Mobile
Phone

GSM MODULE ARDUINO UNO RELAY
SIM900 2 MODULE
MANUAL/PHYSICAL
SWITCHES

Figure 13: Block Diagram

Explanation of the block diagram

This block diagram represents a GSM-based home automation system using an Arduino Uno and a

SIM900 GSM module. Here's a brief explanation of each component and its interaction:

i. Mobile Phone: This is the device that dials the phone number in which the SMS or DTMF
commands for the control of the system is to be sent. It communicates with the GSM module for
sending all these commands.

ii. GSM Module: This shall receive the SMS or DTMF commands that are forwarded from the
phone(s) to the Arduino Uno for further signal processing. It will also afford replies from the
Arduino to give right feed back to the phone.

iii. Arduino Uno R3: This is the micro-controller that is responsible for controlling the entire system
since it is the brain of the system. It handles the codes received from the GSM module and
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controls the relays that in turn switch on and off the loads that are connected to it. This also
includes the monitoring of the manual OR physical switches.

iv. Manual/Physical Switches: Arduino may specify the various load switches that are basically
physical loads which may be controlled without the use of GSM commands. This will guarantee
the system to be operated when it is fully manual and also when being operated fully from a
remote location.

v. Relay Module: This is just the module that through Arduino can either switch on or switch off
the loads such appliances.

vi. Loads: Devices such as lighting system, fans or sockets that are managed within this system of
an electrical appliance or device. These are directly switched by the relay module to related

circuitries in other sub-systems of the vehicle.

4.3 Specifications

1. System Overview

This GSM-based home automation system is designed to control a lamp and socket outlet via SMS
commands, DTMF tones, and physical switches. The system allows authorized users to remotely
operate these devices using a GSM module connected to an Arduino microcontroller. Additionally,

the system provides real-time feedback on device status and logs unauthorized access attempts.
2. Key Features

i. Remote Control via SMS: Users can send predefined SMS commands to turn the lamp and

socket on or off.

ii. Remote Control via DTMF Tones: Users can make a phone call to the system and use DTMF

tones to control the lamp and socket.

iii. Physical Switches: The system includes two physical switches that allow direct control of the

lamp and socket.

iv. Feedback System: The system sends feedback messages to the user, indicating the status of the

devices (e.g., "Lamp ON," "Socket OFF").

v. Relay State Query: Users can send a request via SMS to query the current state (on/off) of the

lamp or socket.

vi. Authorization Check: Only authorized phone numbers are allowed to control the devices via

SMS.
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vii. Unauthorized Access Logging: Attempts by unauthorized numbers to control the system are

ii

=

iv.

Vi.

=

iii.

logged.

. Hardware Specifications

Microcontroller: Arduino UNO

ii. GSM Module: SIM900 for communication

i. Relays: Two relays for controlling the lamp and socket

Physical Switches: Two physical switches connected to the Arduino for local control

. Power Supply: Appropriate DC power source for the GSM module 12V for the SIM900 and

DC to DC converter, 5V for the Arduino and relay module.

Communication Interface: UART between the Arduino and the GSM module for

sending/receiving SMS and handling DTMF tones

. System Inputs

SMS Commands: Text-based commands sent from authorized users to control the system

. "LAMPON" — Turns the lamp ON

. "LAMPOFF" — Turns the lamp OFF

. "SOON" — Turns the socket ON

. "SOOFF" — Turns the socket OFF

. "STATUS" — Requests the current status of the lamp and socket

ii. DTMF Tones: Dual-tone multi-frequency signals sent during a call
. Tone 1 — Turns the lamp ON

. Tone 2 — Turns the lamp OFF

. Tone 3 — Turns the socket ON

. Tone 4 — Turns the socket OFF

Physical Switches: Local control of the devices

. Switch 1: Toggles the lamp ON/OFF

. Switch 2: Toggles the socket ON/OFF
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ii.

=

ii

. System Qutputs

Relay Control: The system controls two relays, which are connected to a lamp and a socket.

Feedback SMS: The system sends feedback to users after executing commands.

. E.g., "Lamp ON," "Socket OFF"

. Unauthorized Access Logs: If an unauthorized user attempts to control the system, this action is

logged.

6. Functional Flow

ii.

=

ii

ii

=

iv.

System Initialization: When powered on, the system initializes the GPIO pins for the lamp,

socket, and switches, starts the GSM module, and waits for a network connection.

Main Loop: The system runs in a continuous loop, checking for incoming GSM messages or

physical switch presses.

. If an SMS is received, the system checks if the sender is authorized. If authorized, the SMS

command is processed, and feedback is sent to the user.

. If a DTMF tone is received during a call, the corresponding action is taken to control the

devices, and feedback is sent to the admin.

. Physical switches allow real-time control of the lamp and socket, regardless of GSM network

connectivity.

. Relay State Request: The system supports relay state requests, allowing the user to ask for the

current state of the lamp and socket.

. Command Logic

Authorized Control via SMS: The system processes SMS commands only from authorized

numbers. If an unauthorized user attempts to control the devices, the action is logged.

ii. Real-time Physical Control: The lamp and socket can also be controlled using physical

switches. This operates independently of the GSM module to ensure local control.

i. Feedback System: After executing a command, the system sends an SMS to the user,

confirming the action taken (e.g., turning on the lamp).

DTMF Control: DTMF tones are used during a phone call to control the lamp and socket.

Feedback for DTMF commands is sent to the admin's number.
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8. Error Handling

i. Unauthorized Access: Unauthorized numbers trying to control the system are logged without

executing the command.

ii. Network Issues: The system continuously monitors the GSM module's connection and waits

until a network is available before processing GSM messages.
9. Security Features

i. Phone Number Authorization: Only predefined phone numbers are allowed to send SMS
commands to control the system. Unauthorized users are denied access, and their attempts are

logged.

ii. DTMF Feedback: Feedback for DTMF commands is sent only to the admin’s number for

security.
10. Power Supply Requirements

i. The GSM module requires a stable power supply 12V for SIM900. The Arduino and relays also

need appropriate power based on their specifications.
11. Applications
This system can be used in various scenarios, such as:

i. Home Automation: Controlling home appliances (e.g., lamps and sockets) remotely through

GSM communication.
ii. Energy Management: Managing power consumption by remotely controlling devices.
12. Limitations

i. Dependency on GSM Network: The system’s remote-control features are dependent on the
availability of a GSM network. If the GSM connection is lost, only physical switches can control

the devices.

ii. Single Admin Feedback for DTMF: Only the admin receives feedback from DTMF

commands, limiting real-time feedback for other users.

This specification defines the comprehensive design and functionality of the GSM-based system,

highlighting the components, inputs/outputs, system flow, and security measures.
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4.4 Cost estimation

Table 1: Cost of materials used in the project

NO. Material Price

1 GSM module RWF 22,000.00
2 Arduino UNO R3 RWF 15,000.00
3 PCB RWF  1,000.00
4 Jumper wires RWF  1,000.00
5 DC to DC converter Im2596 RWEF  2,500.00
6 Lamp RWF  1,000.00
7 Socket outlet RWF  1,000.00
8 Switches RWF  2,000.00
9 4 channel Relay (2 in used) RWF  6,000.00
10 Circuit breaker RWF 2,500.00
11 Wires RWF  2,000.00
12 Resistors RWF 200.00
13 Lamp holders RWF  1,000.00
14 Cable clips RWF  2,000.00
15 Cable ties RWF  1,000.00
16 Screws for mounting RWF  1,000.00
TOTAL RWF 61,200.00

The total expenditure for this project, including testing, replacement of materials, upgrading the
GSM module from SIM80OL to SIM900 for better network coverage, and purchasing airtime for
both SIM cards, amounts to nearly RWF 100,000.00.
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4.5 Implementation

Figure 14: Implementation
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How the System works

The working principle of this GSM-based home automation system revolves around controlling
household devices like lamps and socket outlets remotely using SMS, DTMF tones, and physical
switches. The system is built around an Arduino microcontroller and a SIM900 GSM module,

which enables communication with the user via mobile networks.

When a user sends a command through SMS or by making a call and using DTMF tones, the GSM
module receives the signal and sends it to the Arduino. The Arduino processes the command and
triggers a corresponding relay, which switches the connected appliance (e.g., lamp or socket) on or
off. The system ensures that the relay responds based on the command received, turning the

appliance on if it was off and vice versa.

In addition to remote control, the system also incorporates physical switches that allow manual
operation of the appliances. These switches function independently of the GSM module, ensuring
that users can still control the devices even if there is no mobile network connection. The physical

switches respond in real time and override the GSM-based commands if manually operated.

Once a command is executed, whether via SMS or DTMF, the system sends a feedback message to
the user, confirming the status of the appliance. This allows the user to know whether the device is
turned on or off, ensuring proper monitoring and control. The project integrates both real-time
physical operation and remote communication for a versatile and practical home automation

solution.
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CHAPTER 5: RECOMMENDATIONS AND CONCLUSION

5.0 Introduction

This chapter provides a concise summary of the research conducted and the outcomes achieved in
developing the GSM-based home automation system. The project's primary aim was to design and
implement a reliable system capable of controlling home appliances using SMS, DTMF tones, and
physical switches, ensuring real-time operation and feedback mechanisms. The system’s design,
implementation, and testing phases revealed its effectiveness in enhancing household automation,
contributing to energy efficiency, and offering convenience through remote access. Based on these
outcomes, relevant conclusions and recommendations for future improvements and applications are

presented.
5.1 Conclusions

This project set out to answer key questions surrounding the feasibility, efficiency, and practicality
of using GSM technology to automate household systems. The research demonstrated that
integrating GSM modules with Arduino microcontrollers offers a reliable and cost-effective
solution for remote control of devices such as lamps and socket outlets via SMS and DTMF tones.
Through testing, it was confirmed that the system is responsive to both authorized commands and
physical switches, providing a seamless user experience even in cases of network disruption or

module disconnection.

Another research question focused on the security and scalability of the system. The ability to
authorize numbers ensures that only approved users can control the system, addressing potential
security concerns. Additionally, the project showed that the system can be easily expanded to
incorporate more devices and users, highlighting its scalability for broader household automation

applications.

In conclusion, the system’s ability to function reliably, maintain security, and scale to various needs
demonstrates the effectiveness of GSM technology in home automation, making it a viable solution

for smart homes in both rural and urban settings.

5.2 Recommendations

In light of the study on GSM-based home automation, it is recommended that future researchers
and developers utilize GSM modules with internal EEPROM. The integration of internal EEPROM

can simplify data management and streamline code handling, addressing the issues encountered
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with external EEPROM. This adjustment will contribute to a more reliable and efficient system,

reducing complications related to memory management and enhancing overall performance.

Furthermore, developers should optimize the system’s code to ensure it processes commands solely
from authorized numbers. By using the internal EEPROM for this purpose, the system’s security
and reliability will be improved, preventing unauthorized access and ensuring that commands are
handled accurately. Since the system operates offline, focusing on these enhancements will ensure

robust functionality without relying on internet connectivity.

5.3 Suggestions

Future researchers are encouraged to explore alternative memory management solutions within
GSM-based systems. While internal EEPROM offers a more integrated approach, investigating
other onboard memory options may provide further opportunities for simplifying the coding
process. Additionally, maintaining a well-documented and organized code structure is crucial for

minimizing errors and ensuring the system's responsiveness to authorized commands.

It is also suggested that the system be tested under various environmental conditions and power
fluctuations to assess and improve its offline performance and stability. This approach will help in

fine-tuning the system's reliability and ensuring consistent operation in different scenarios.
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APPENDICES
APPENDIX A: the code for the project

#include <SoftwareSerial.h>

// Configure software serial port

SoftwareSerial SIM900(7, 8);

// Variables to store text message and DTMF tones
String textMessage = "";

String dtmfTone ="";

// Create variables to store Lamp and Socket Outlet state
String LampState = "HIGH";

String SOState = "HIGH";

const int lamp = 11; // lamp connected to pin 11

const int socketOutlet = 12; // socketOutlet connected to pin 12
#define switchl 4 // switchl connected to pin 4

#define switch2 3 // switch2 connected to pin 3

int switch ON_Flagl previous 1= 0;

int switch ON_Flag2 previous 1= 0;

/I Array to store authorized phone numbers for SMS
String authorizedNumbers[]| = {"+250791431779"}; // Replace with your numbers
void setup() {

//'Set both Lamp and Socket Outlet as OUTPUT
pinMode(lamp, OUTPUT);

pinMode(socketOutlet, OUTPUT);

pinMode(switch1, INPUT);

pinMode(switch2, INPUT);

// By default both Lamp and Socket Outlet are off
digitalWrite(lamp, HIGH);

digitalWrite(socketOutlet, HIGH);

// Initializing serial communication

Serial.begin(19200);

SIM900.begin(19200);

// Give time for the GSM shield to log on to the network
delay(20000);

Serial.println("SIM900 ready...");

//'Set SIM900 to auto answer after 1 ring
sendCommand("ATS0=1", 100); // Change to 1 to answer after 1 ring
// AT command to set SIM900 to SMS mode
sendCommand("AT+CMGF=1", 100);

// Set module to send SMS data to serial out upon receipt
sendCommand("AT+CNMI=2,2,0,0,0", 100);

// Enable DTMF detection
sendCommand("AT+DDET=1", 100);

H

void loop() {

if (SIM900.available() > 0) {

textMessage = SIM900.readString();
Serial.print(textMessage);

textMessage.toUpperCase();

delay(10);

// Handle incoming call
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handleIncomingCall(textMessage);

// Control Lamp and Socket Outlet via SMS
handleControlCommands(textMessage);

// Control Lamp and Socket Outlet via DTMF tones
handleDTMFCommands(textMessage);

// Reset textMessage for next loop

textMessage ="";

}

// Control Lamp and Socket Outlet via physical switches
handlePhysicalSwitch(1, switch1, lamp);
handlePhysicalSwitch(2, switch2, socketOutlet);

H

// Function to handle incoming calls

void handleIncomingCall(String message) {

if (message.indexOf("+CLCC:") >= 0) {

String callerNumber = extractCallerNumber(message);
Serial.println("Incoming call from: " + callerNumber);

}
}

// Function to extract caller's phone number from incoming call message
String extractCallerNumber(String message) {

int startIndex = message.indexOf("+CLCC:") + 7;

int endIndex = message.indexOf(",", startIndex);

String number = message.substring(startindex, endIndex);
number.replace("\"", ""); // Clean up the number

return number;

}
// Function to handle control and feedback for Lamp and Socket Outlet
void handleControl(int deviceNumber, int deviceState, String onMessage, String alreadyMessage,
String

senderNumber) {

int devicePin = (deviceNumber == 1) ? lamp : socketOutlet;

String &DeviceState = (deviceNumber == 1) ? LampState : SOState;

if ((deviceState == HIGH && DeviceState = "on") || (deviceState == LOW & & DeviceState ==
"off")) {

sendSMS(senderNumber, alreadyMessage); // Send feedback to the sender
} else {

digitalWrite(devicePin, deviceState);

DeviceState = (deviceState == HIGH) ? "on" : "off";
sendSMS(senderNumber, onMessage); // Send feedback to the sender

}

}
// Function to send SMS

void sendSMS(String recipient, String message) {
sendCommand("AT+CMGF=1", 100);
SIM900.print("AT+CMGS=\"" + recipient + "\"\r");
delay(100);

SIM900.println(message);

delay(100);

SIM900.println((char)26);

delay(100);

SIM900.printIn();
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delay(5000);

}
// Function to send command to GSM module
void sendCommand(String command, int waitTime) {
SIM900.println(command);

delay(waitTime);

}

// Function to handle control commands from SMS

void handleControlCommands(String textMessage) {

String senderNumber = extractSenderNumber(textMessage);

if (!isAuthorizedNumber(senderNumber)) {
Serial.println("Unauthorized SMS command from: " + senderNumber);
return;

}

if (textMessage.indexOf("LAMPON") >= 0) {

handleControl(1, HIGH, "Lamp turned ON", "Lamp is already ON", senderNumber);

}

if (textMessage.indexOf("LAMPOFF") >=0) {
handleControl(1, LOW, "Lamp turned OFF", "Lamp is already OFF", senderNumber);

}

if (textMessage.indexOf("SOON") >= 0) {

handleControl(2, HIGH, "Socket Outlet turned ON", "Socket Outlet is already ON",
senderNumber);

}

if (textMessage.indexOf("SOOFF") >= 0) {

handleControl(2, LOW, "Socket Outlet turned OFF", "Socket Outlet is already OFF",
senderNumber);

}

if (textMessage.indexOf("LAMPSTATE") >=0) {
sendSMS(senderNumber, "Lamp is " + LampState);
Serial.println("Lamp state request");

}

if (textMessage.indexOf("SOSTATE") >=0) {
sendSMS(senderNumber, "Socket Outlet is " + SOState);
Serial.println(" Socket Outlet state request");

}
}

// Function to check if a number is authorized

bool isAuthorizedNumber(String senderNumber) {

for (int i = 0; i < (sizeof(authorizedNumbers) / sizeof(authorizedNumbers[0])); i++) {
if (senderNumber == authorizedNumbers[i]) {

return true;

}
}

return false;

}

// Function to handle DTMF commands
void handleDTMFCommands(String textMessage) {
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if (textMessage.indexOf("+DTMF:") >=0) {

dtmfTone = textMessage.substring(textMessage.indexOf("+DTMF:") + 6,
textMessage.indexOf("+DTMF:") + 7);

Serial.println("DTMF Tone Received: " + dtmfTone);

// Process DTMF commands from any number

if (dtmfTone =="1") {

handleControl(1, HIGH, "Lamp turned ON via DTMF", "Lamp 1is already ON",
authorizedNumbers[0]);

j

if (dtmfTone == "2") {

handleControl(1, LOW, "Lamp turned OFF via DTMF", "Lamp is already OFF",
authorizedNumbers[0]);

j

if (dtmfTone == "3") {

handleControl(2, HIGH, "Socket Outlet turned ON via DTMF", "Socket Outlet is already ON",
authorizedNumbers[0]);

j

if (dtmfTone == "4") {

handleControl(2, LOW, "Socket Outlet turned OFF via DTMF", "Socket Outlet is already OFF",
authorizedNumbers[0]);

}
}
}

// Function to extract sender's phone number from text message
String extractSenderNumber(String message) {

int startIndex = message.indexOf("+CMT: \"") + 7;

int endIndex = message.indexOf("\",\"", startIndex);

return message.substring(startindex, endIndex);

}
// Function to handle physical switch control

void handlePhysicalSwitch(int deviceNumber, int switchPin, int devicePin) {
String &DeviceState = (deviceNumber == 1) ? LampState : SOState;
int &switch ON_Flag previous I = (deviceNumber == 1) ? switch ON_Flagl previous I :
switch ON_Flag2 previous_I;

if (digitalRead(switchPin) == LOW) {

if (switch ON_Flag previous 1 ==0) {

digitalWrite(devicePin, LOW);

DeviceState = "off™;

Serial.println("Device" + String(deviceNumber) + " set to OFF");
switch ON_Flag previous I = 1;

}

} else if (digitalRead(switchPin) == HIGH) {

if (switch ON_Flag previous 1 ==1) {

digitalWrite(devicePin, HIGH);

DeviceState = "on";

Serial.println("Device" + String(deviceNumber) + " set to ON");
switch ON_Flag previous [=0;

}

}

H
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