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ABSTRACT 

 

 With an aging population and the increasing acceptance of community-based care, there is a 

growing need for electronic assistive technology to support independent living, particularly among the 

elderly and persons with special needs. The voice controlled lighting system is a voice recognition 

system that aims to use of the language of English to control the lighting system of a specific room. It 

presents an automated approach of controlling the lights in a household that could ease the task of 

using the traditional method of the switch. It therefore uses the voice recognition google APIs to 

articulate the voice of the person speaking and effectively come up with the command that would 

enable it to control the lighting system of the house. Throughout the project design and 

Implementation, the use of the Arduino mega programing tool is of much importance while at the same 

time incorporating the Google Application Program Interfaces (APIs) and libraries in the ultimate design 

of the software.The connection between the microcontroller and the android application is established 

via Bluetooth module, a widespread wireless technology used for sharing data.A very important 

consideration is the vocabulary template that include specific words and phonemes. 

 In the process of design, creation of a user aspect of the voice recognition system is significant 

to control the lighting of the house by acting as a switch.The relay board and the optoisolator systemis 

used to provide the required control of the lighting circuit. Therefore, by using the system, the elderly 

and disabled people can easily control the lighting system with their voice from the place that they are 

without the need to maneuver through obstacles in the room.The objectives of using voice commands 

to control the lighting system using the relay and employing Bluetooth technology to send and receive 

commands 

were achieved and proved to be a more convenient and cheap means of switching home lighting 

system. The study recommends that a clear set of libraries be set in the android application to enable 

diversification to Kiswahili and other local languages.Also, it suggests that Google Cloud Messaging be 

integrated to control our lighting system from the Internet as well as introducing security sensitive 

functionality on the voice application. 
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CHAPTER ONE: INTRODUCTION 

 
 

1.0 INTRODUCTION 

 

1.1 Background 

 

 In general, electric circuit systems have modernized our world in ways never thought possible 

before the discovery of electricity. 20th century inventors such as Thomas Edison and Nikola Tesla can be 

thought of as the figureheads that have pushed us to this era and it is easy to see that their hard work 

will have a ripple effect for generations to come. Before the invention of electricity, little could be done 

after the sun came down and the light sources that were there, though they sufficed for a time, were 

unreliable in their safety and such like things. Electricity did not just bring light to homes; it also 

powered most machines that lead to the now famous industrial revolution, thereby revolutionizing the 

way people lived. A very important facet of the industrial revolution is the lighting of the houses and 

various rooms. For purposes of home wiring, automation has often proved to provide the essential 

requirement of enabling lighting prospects for the various working environments.  

 In the various home environments, nowadays, there is demand for voice controlled switch 

systems, through which, one can easily manage the different electric appliances by the use of the 

voice.Initially, voice enabled lighting system was designed for the people seeking luxury and 

sophisticated home(Rodden &Benford, 2010). But there was always a need to develop voice controlled 

lighting system for the people with special needs like elderly and disabled. According to the report 

published by the WHO, around 785 million people of 15 years and older live with disability, of these, the 

world health survey reports that 110million people have significant difficulties in function.In order to 

assist the old people and the people with disability, automation technologies are adopting voice-

controlled or voice recognition systems (Cook & Das, 2011). The main idea is to control and monitor 

home lighting by using speech recognition. Currently, the voice controlled products are only limited to 

the use sophisticated instruments. As a result, the motivation to build a simple system that can control 

the on and off properties of various lights of the room becomes of essence.  

 It is impossible for any users to understand the instructions or algorithm of programming. What 

they can do is control the elements with human languages and signal of body. Therefore, the users 

require the system to identify the human languages instead of machine instructions or other 



2 

programming languages. The main goal of the project is to bring the right kind of convenience to the 

living space of the individuals and in the process, provide the interaction with the home living 

environment. In that accord, it is quite clear that the people living with disabilities have a hard time 

maneuvering in the house for purposes of lighting the various lighting switches. Thus, the purpose of the 

design is to change the lighting conditions of the house in accordance with the mood of the people in 

the house who live with disabilities. The project therefore considers the use of voice in the various 

homes of residence. For use with computers, analog audio must be converted into digital signals. This 

requires analog to digital conversion. For a computer to decipher the signal, it must have a digital 

database, or vocabulary, of words or syllables, and a speedy means of comparing this data with signals. 

The speech patterns are stored on the hard drive and loaded into memory when the program is run. A 

comparator checks these stored patterns against the output of the A/D converter. 

 In practice, the size of a voice-recognition program's effective vocabulary is directly related to 

the random access memory capacity of the computer in which it is installed. A voice-recognition 

program runs many times faster if the entire vocabulary can be loaded into RAM, as compared with 

searching the hard drive for some of the matches. Processing speed is critical as well, because it affects 

how fast the computer can search the RAM for matches. 

 All voice-recognition systems or programs make errors. Screaming children, barking dogs, and 

loud external conversations can produce false input. Much of this can be avoided only by using the 

system in a quiet room. There is also a problem with words that sound alike but are spelled differently 

and have different meanings -- for example, "hear" and "here." This problem might someday be largely 

overcome using stored contextual information. However, this will require more RAM and faster 

processors than are currently available in personal computers. Through, the use of the voice therefore, 

many of the projects related to automation can be achieved easily to bring about easier life projects.   

 

1.2 Problem Statement 

 

 However, traditional (manual) method of switching is limited to only physically fit persons. 

Through a report of the how many Kenyans are faced with different forms of disabilities, it becomes 

quite important to come up with a system that can effectively provide for easier home and work 

experience. Thus, the objectives of this project. Considerably, a very important point of disability that 

has for a long time been confirmed is that of the older people. This type of disability makes the people 

affected not to work on their tasks effectively hence the lack of agility and mobility for the various 
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working experiences. Moreover, with the rising levels of lifestyle diseases, it is quite significant to note 

that most of the people above the age of twenty are constantly reporting mobility related issues. Out of 

all these adults, others are born with the inability to effectively walk or coordinate within various room 

environments. Of all these, others do not really get the chance to get the most effective gain out of the 

available technology. There is, therefore, need to have a voice controlled lighting system for the elderly 

and persons with special needs.  

 

1.3 Proposed Solution/Hypothesis 
 

 Thevoice controlled lighting systemuses voice recognition APIs based on google to articulate the 

voice of the person speaking and effectively come up with the command to enable the person control 

the lighting system effectively. Throughout the project design and implementation, it would be crucial to 

make use of the Arduinoprogramming language of C programming language while at the same time 

integrating the google APIs and libraries in the ultimate design of the required software. Of essence is 

the use of the various vocabulary templates that would include specific words and phonemes. In the 

end, there would be a user aspect of the voice recognition system that would control the lighting of the 

house by the manipulating of the relay board. Through the use of the relay board, the control of the 

various lights of the house would be easier. 

 Through the android application we can instruct the microcontroller to switch on/off the lighting 

system. After getting the instruction through the Bluetooth module the microcontroller gives the signal 

to the relay board. The relay then turns the lights on/off depending on the voice commands from the 

user. When a low voltage signal is given to the relay, the lights are turned off and when a high voltage 

signal is given it is turned on.  

 

1.4 Aims 

 

1.4.1 System Aims 

 

The complete voice controlled lighting system should be able to turn the lights ON/OFF in a room 

according to the voice commands from the user.  
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1.4.2 System Objectives 

 

The complete system should be able; 

i. to implement the voice user as an input to microcontroller to control the lighting system at all 

times. 

ii. to use Bluetooth connection to control the lights via a phone from anywhere in a room. 

iii. to use a relay board to control the switching on and off of specific bulbs. 

 

1.5 Block Diagram 

 

 

  

Figure 1.1 – Block Diagram for Voice Controlled Lighting System 
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Microcontroller:  It wirelessly receives speech commands as the input from the Android device’s speech 

recognition application and activates the relay according to the command. It is the brain of the lighting 

control system. 

Bluetooth: It is a protocol that sends the voice commands wirelessly form the cell phone to 

microcontroller. It makes wireless communication between Android device and relays possible. 

Relay board: A network of actuators that switches the lights connected to it on or off.It performs the 

switching of the lighting system depending on the voice command.  

Android application: It records the voice commands, process it and send it to microcontroller. It uses 

Google Application Program Interfaces (APIs) to recognize the voice from the user. 

 

1.6 Specifications 

 

The roomin the study is rectangular and of dimensions: 

Length = 8 m 

Width = 6 m 

Height = 6 m 

The maximum distance from the android device (user) to the controller in the study needs to be 10 

metres. 

The system in the study can be mounted adjacent to local distribution boards and the components 

operate under the following environmental conditions: 

1. Temperature: 32 – 104 ºF (0 – 40 ºC). 

2. Relative humidity: 10 – 90%, noncondensing. 
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CHAPTER TWO: SYSTEM ANALYSIS AND LITERATURE REVIEW 

 

2.0 SYSTEM ANALYSIS AND LITERATURE REVIEW 

 

 This chapter discusses a review regarding the voice recognition concept and the existing 

solutions that has been applied to lighting control system. It also highlights briefly about the working 

principle of the system components such microcontroller, relay and Bluetooth module. 

 
2.1 Review on Voice-Controlled Lighting Systems 
 
2.1.1History of Voice Recognition 
 

 In the 2000s, DARPA sponsored two speech recognition programs: Effective Affordable Reusable 

Speech-to-Text (EARS) in 2002 and Global Autonomous Language Exploitation (GALE) [3]. Four teams 

participated in the EARS program: IBM, a team led by BBN with LIMSI and Univ. of Pittsburgh, Cambridge 

University, and a team composed of ISCI, SRI and University of Washington. The GALE program focused 

on Arabic and Mandarin broadcast news speech. Google's first effort at speech recognition came in 2007 

after hiring some researchers from Nuance. The first product was GOOG-411, a telephone-based 

directory service. The recordings from GOOG-411 produced valuable data that helped Google improve 

their recognition systems. Google voice search is now supported in over 30 languages. 

 In the United States, the National Security Agency has made use of a type of speech recognition 

for keyword spotting since at least 2006. This technology allows analysts to search through large 

volumes of recorded conversations and isolate mentions of keywords. Recordings can be indexed and 

analysts can run queries over the database to find conversations of interest. Some government research 

programs focused on intelligence applications of speech recognition, e.g. DARPA's EARS's program and 

IARPA's Babel program. 

 In the early 2000s, speech recognition was still dominated by traditional approaches such as 

Hidden Markov Models combined with feedforward artificial neural networks (Furui, 2010). Today, 

however, many aspects of speech recognition have been taken over by a deep learning method called 

Long short-term memory (LSTM), a recurrent neural network published by Sepp Hochreiter& Jürgen 

Schmidhuber in 1997. LSTM RNNs avoid the vanishing gradient problem and can learn "Very Deep 

Learning" tasks that require memories of events that happened thousands of discrete time steps ago, 
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which is important for speech. Around 2007, LSTM trained by Connectionist Temporal Classification 

(CTC) started to outperform traditional speech recognition in certain applications. In 2015, Google's 

speech recognition reportedly experienced a dramatic performance jump of 49% through CTC-trained 

LSTM, which is now available through Google Voice to all smartphone users.   

 The use of deep feedforward (non-recurrent) networks for acoustic modeling was introduced 

during later part of 2009 by Geoffrey Hinton and his students at University of Toronto and by Li Deng 

and colleagues at Microsoft Research, initially in the collaborative work between Microsoft and 

University of Toronto which was subsequently expanded to include IBM and Google (hence "The shared 

views of four research groups" subtitle in their 2012 review paper) 

(Hinton et al., 2012). A Microsoft research executive called this innovation "the most dramatic change in 

accuracy since 1979." In contrast to the steady incremental improvements of the past few decades, the 

application of deep learning decreased word error rate by 30%. This innovation was quickly adopted 

across the field. Researchers have begun to use deep learning techniques for language modeling as well. 

 In the long history of speech recognition, both shallow form and deep form (e.g. recurrent nets) 

of artificial neural networks had been explored for many years during 1980s, 1990s and a few years into 

the 2000s. But these methods never won over the non-uniform internal-handcrafting Gaussian mixture 

model/Hidden Markov model (GMM-HMM) technology based on generative models of speech trained 

discriminatively. A number of key difficulties had been methodologically analyzed in the 1990s, including 

gradient diminishing and weak temporal correlation structure in the neural predictive models(Hinton et 

al., 2012). All these difficulties were in addition to the lack of big training data and big computing power 

in these early days. Most speech recognition researchers who understood such barriers hence 

subsequently moved away from neural nets to pursue generative modeling approaches until the recent 

resurgence of deep learning starting around 2009-2010 that had overcome all these difficulties.  

 

2.1.2 Application to People with Special Needs and the Elderly 
 

 People with special needs and the elderly can benefit from speech recognition programs. For 

individuals that are Deaf or Hard of Hearing, speech recognition software is used to automatically 

generate a closed-captioning of conversations such as discussions in conference rooms, classroom 

lectures, and/or religious services (Roberts &Stodden, 2015). 

 Speech recognition is also very useful for people who have difficulty using their hands, ranging 

from mild repetitive stress injuries to involve disabilities that preclude using conventional computer 



8 

input devices. In fact, people who used the keyboard a lot and developed RSI became an urgent early 

market for speech recognition (Roberts &Stodden, 2015). Speech recognition is used in deaf telephony, 

such as voicemail to text, relay services, and captioned telephone. Individuals with learning disabilities 

who have problems with thought-to-paper communication (essentially, they think of an idea but it is 

processed incorrectly causing it to end up differently on paper) can possibly benefit from the software 

but the technology is not bug proof. Also, the whole idea of speak to text can be hard for intellectually 

disabled person's due to the fact that it is rare that anyone tries to learn the technology to teach the 

person with the disability or the elderly. 

 This type of technology can help those with dyslexia but other disabilities are still in question. 

The effectiveness of the product is the problem that is hindering it being effective. Although a kid may 

be able to say a word depending on how clear they say it the technology may think they are saying 

another word and input the wrong one. Giving them more work to fix, causing them to have to take 

more time with fixing the wrong word. 

 

2.2 Existing Solutions 

 

The following are existing solutions that has been implemented in lighting control system: 

 

2.2.1Occupancy Sensor Controls 

 

 Occupancy sensors detect indoor activity within a certain area. They provide convenience by 

turning lights on automatically when someone enters a room and save energy by turning lights off soon 

after the last occupant has left the room (Balasubramanian & Morton, 2018). Occupancy sensors must 

be located where they will detect occupants or occupant activity in all parts of the room. Three different 

technologies are used to detect the presence of people within a space: passive infrared (PIR), ultrasonic, 

and acoustic. 

 

Passive infrared (PIR) 

 

 A PIR sensor detects heat changes. Heat sources include people, animals, air conditioning wind 

currents, windows (during the day) and incandescent lamps. A passive infrared sensor detects heat only 

within its line of sight. It cannot detect the heat through walls or other obstacles.They detect motion 
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within a fan shaped pattern. The sensor’s ability to detect motion also depends on the distance between 

the sensor and the location of the motion.The PIR sensor uses a Fresnel lens to divide the room into 

segments. Large Fresnel lenses made from moulded plastic are used for occupancy and alarm 

sensors(Balasubramanian & Morton, 2018). 

 

Ultrasonic (US) sensors 

 

 These emit a high-frequency sound and listen for the reflected sound – a moving object will 

introduce a frequency change (Balasubramanian & Morton, 2018). This effect is known as the Doppler 

Effect. Occupancy sensors using the Doppler Effect are more sensitive to movement towards or away 

from the sensor than across it. Because they emit a signal instead of receiving passively, US sensors can 

cover larger areas than PIR sensors and are noticeably more sensitive. Ultrasonic sensors, however, are 

more prone to false triggering. Air motion can trigger a poorly located or maladjusted sensor. US sensors 

can also be triggered by curtains, shades or blinds that move with air currents.Ultrasonic sensors can 

detect motion at any point within the contour lines. Infrared sensors see only in the wedge-shaped 

zones, and they don’t generally see as far as ultrasonic units do. 

 Ultrasonic sensors are not as limited to line-of-sight motion detection as infrared sensors are. 

They have limited sensitivity around obstacles such as walls or cubicles 

 

Acoustic sensors 

 

 Acoustic sensors detect noise made by people, and mechanical noise related to human activity, 

such as keyboard tapping or paper shuffling (Balasubramanian & Morton, 2018). Unfortunately, these 

sensors also respond to sounds that have nothing to do with occupancy, such as slammed doors and 

street noise, and they require relatively high sound levels to activate. Few if any sensors use acoustic 

technology only, but some sensors combine PIR with acoustics to increase reliability. 

 

Strengths  

 

i. Passive infrared (PIR) sensors are very resistant to false triggering. They employ passive 

detection whereby no energy is radiated into the room. PIR technology is mature and these 

sensors have been used in alarm and lighting systems for many years. 
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ii. Ultrasonic sensors have no blind spots as a continuous “bubble” of energy envelops the room. 

They can also see “around” some furnishings, which means they are not limited to line of sight. 

They are also highly sensitive, more so than PIR sensors. 

iii. Employing the use of occupational sensors is one of the foremost ways of creating an energy 

efficient environment. They will contribute to the overall efficiency of the building. The fact that 

once one exits the room, the light is turned off will reduce energy consumption, saving the 

planet and one’s pocket. 

iv. The versatility of occupancy sensors is sometimes overlooked. The control they offer over 

lighting in either the home or commercial premises, allows the occupant to illuminate only 

sections of the room. 

 

Weaknesses  

 

i. Detection using PIR sensors depends on Fresnel surface areas and small sensors can have 

limited detection ranges. They are sensitive to wind currents, which can cause false triggers if 

mounted too close to air conditioners or draughty corridors. 

ii. Ultrasonic sensors are usually more expensive than PIRs and they are more prone to false 

triggering than PIR sensors. 

iii.  PIR sensors are radially insensitive, which means that they are more sensitive to movement 

across their path than towards or away from it. 

iv. Occupancy sensors can be more expensive (for small area applications) and may require more 

adjustments since sensors contain more than one sensing unit. 

 

2.2.2Photosensor Controls 

 

 Photosensors are base around a light-sensitive photocell that is usually made of silicon. This 

photocell produces electric current in proportion to the amount of light that strikes it (Bellia, Fragliasso& 

Riccio, 2018). The photosensor also includes some types of lens to collect and focus light and internal 

electronics to convert the output from the photocell into a control signal. While photosensors in 

commercial buildings are often used to automatically dim lights when adequate daylighting is available 

(daylight harvesting), photosensors in residences are used to simply turn on outdoor lights at dusk and 

turn them off at dawn.  
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Strengths  

 

i. Photosensors are easy to integrate with lighting system such as automatic lighting system.  

ii. They are used for energy consumption or energy management by automatic control of ON/OFF 

of street lights based on ambient light intensity.  

iii. They need small voltage and power for its operation. 

  

Weakness 

 

Photosensors are highly inaccurate with high response time (about 10s or 100s of milliseconds).  

 

2.2.3 Digital Addressable Lighting Interface (DALI) 

 

 DALI is a communication protocol that controls lights. It communicates between lighting 

applications, such as electronic ballasts, brightness sensors, presence detectors or DALI controllers (Wei 

et al., 2018). DALI is used in building automation to control individual lights and groups of lights. In 

functional building and utility construction today, the vast majority of dimmable lights are already 

equipped with DALI components. 

 A DALI network consists of a controller, a power supply (which may be built into the controller) 

and one or more slave devices (e.g. electrical ballasts, LED drivers and dimmers) that have DALI 

interfaces. The controller can monitor and control each device by means of a bi-directional data 

exchange. The DALI protocol permits devices to be individually addressed and it also allows multiple 

devices to be addressed simultaneously via multicast and broadcast messages.Each device is assigned a 

unique static address in the numeric range 0 to 63, making possible up to 64 devices in a basic system. 

Addresses may be arbitrarily assigned and need not be contiguous. DALI gateways can be used to 

implement systems that have more than 64 devices. Data is transferred between controller and devices 

by means of an asynchronous, half-duplex, serial protocol over a two-wire bus, with a fixed data transfer 

rate of 1200 bit/s.A single pair of wires comprise the bus used for communication to all devices on a 

DALI network. The network can be arranged in a bus or star topology, or a combination of these. DALI is 

not classified as SELV (Separated Extra Low Voltage) and therefore its wiring may be run next to mains 

cables or within a multi-core cable which includes mains power. Data is transmitted using high voltages 

https://en.wikipedia.org/wiki/Dimmer
https://en.wikipedia.org/wiki/Multicast
https://en.wikipedia.org/wiki/Gateway_(telecommunications)
https://en.wikipedia.org/wiki/Bit_rate
https://en.wikipedia.org/wiki/Network_topology
https://en.wikipedia.org/wiki/SELV
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(0±4.5 V for "0" and 16±6.5 V for "1") enabling reliable communications in the presence of significant 

electrical noise(Wei et al., 2018).  

Strengths 

 

i. Simple wiring of control lines (no group formation, no polarity). 

ii. Control of individual units (individual addressing) or groups (group addressing) is possible. 

iii. A simultaneous control of all units is possible at any time (built-in initial operation function) 

through broadcast addressing). 

iv. No interference of data communication is to be expected due to the simple data structure. 

v. Control device status messages (lamp fault, ....), (report options: all / by group / by unit). 

 

Weaknesses 

 

i. DALI has a relatively slow baud rate of 1200 baud that results in obvious delay when individually 

addressing a large number of ballasts creating a Mexican wave effect. However, this can be 

avoided by using DALI group addressing and/or DALI broadcast addressing. 

ii. DALI ballasts and devices require enumeration to create a DALI address. Re-enumeration must 

be performed when replacing a ballast or device.  

iii. The DALI protocol does not allow for communication between different universes. However, 

sites requiring more than 64 devices are implemented by having multiple separate DALI 

universes. These separate networks are linked together with DALI gateways and a data 

backbone running another protocol such as KNX. 

 

2.3 Process 

 

 This study implements a way of switching the lighting systems of a room by use of voice 

commands. The user will speak to an android application that captures the voice commands and send 

them to the microcontroller. Google APIs and libraries are integrated into the application to aid in voice 

recognition. Bluetooth technology is used to transfer the voice commands to the microcontroller. The 

microcontroller is programmed in C language such that it receives commands from the android 

application and activates the relay thereby controlling the bulbs in the room. 
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2.4 Microcontroller Systems 

 

 Microcontrollers aresystems which are a complete micro-computer on a single chip(Morton, 

2010). Micro-controllers are designed to control an application in an embedded system. A micro-

controller is a highly integrated chip, including on a single chip, all or most of the parts needed for a 

controller. A controller is a device used to control some process. A Microcontroller typically includes the 

following components: 

i. Central Processing Unit (CPU) 

ii. Random Access Memory(RAM) 

iii. EPROM/ PROM/ ROM- Read only memory (Erasable/Programmable) 

iv. I/O(Input/Output)-Serial and parallel 

v. Timers 

vi. Interrupt controller 

vii. Analog to Digital Converters (ADC) and Digital to Analog converters (DAC) 

All of the above components are included in a single chip as shown in the block diagram below. 

Figure 2.1 – GeneralBlock Diagram of aMicrocontroller 

 A Central Processing Unit (CPU) built in a single chip is called a microprocessor. The CPU is the 

brain of the computer system. It administers all of the activity of the system and performs all the 

operations on the data. The CPU continuously performs two activities, which are fetching and executing 

instructions. 
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 As mentioned in (Morton, 2010), the Central processing unit contains the following key 

components: 

 The Arithmetic Logic Unit (ALU) which performs computation. 

 Registers needed for the basic operation of the CPU, such as Program Counter (PC), stack 

pointer (SP) and status Register (SR). 

 Further registers to hold temporary results. 

 Instruction decoder and other logic to control the CPU and to handle resets and interrupts. 

 The CPU understands and executes instructions based on a set of binary codes called the 

instruction set. Other than the CPU, the other key components of the microcontroller have their 

functions briefly described below: 

Memory for the program: This is non-volatile type of memory also known as read-onlymemory (ROM), 

meaning that it retains its contents even when the power is unavailable (it is not powered). 

Memory for data: This is volatile type of memory also known as random-access memory(RAM). It holds 

the temporary data for the program. 

Input and output ports: These provide communication with the outside world 

Clock: These serve to keep the whole system synchronized. It may be generated internally orobtained 

from an external source. 

Timers: most microcontrollers incorporate at least one timer. This is because timers servethe following 

functions 

 Recording the time at which transitions occur in an input. 

 Enabling driving on and off outputs at a specified frequency. This is used in pulse width 

modulation, for instance, to control the speed of a motor. 

 Enable the scheduling of tasks in a program. 

Communication interfaces: These are important as they serve as a way to exchangeinformation with 

another IC or system. They include serial peripheral interface (SPI). Inter-integrated circuit (IIC), 

asynchronous (such as RS232), universal serial bus (USB), Controller area network (CAN), Ethernet, etc. 

Non-volatile memory for data: this is used to store data whose value must be retained evenwhen 

power is removed. Such data include serial numbers for identification and network addresses. 

Flash Memory: This can be both programmed and erased electrically and is now the mostcommon type 

of memory used in microcontrollers. It has largely superseded the electrically erasable programmable 

ROM (EEPROM). Most MSP430 devices use flash memory. 
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According to Morton (2010), the two types of memories, volatile and non-volatile, can betreated as 

either having: 

 Harvard architecture 

 Von-Neumann architecture 

Harvard Architecture 

 In this architecture. The volatile (data) and non-volatile (program) memories are treated as 

separate systems each with its own address and data bus. This is as illustrated in the figure below. 

 

 

 

 

Figure2.2 – Illustration of the Harvard Architecture 

 Many microcontrollers use this architecture including Microchip PICs, Intel 8051 and 

descendants, ARM9. The Harvard architecture has the following advantages: 

i. It allows simultaneous access to program and data memories. Hence the CPU can access the 

program memory and the data memory at the same time. 

ii. The two systems can be separately optimized. 

 However, the architecture has the limitation that constant data (often lookup tables) must be 

stored in the program memory because it is non-volatile, hence, constant cannot be read the same way 

as volatile values from the data memory. 

Von- Neumann Architecture 

 In this architecture, there is only one single memory and hence one set of addresses 

coversboththe volatile and non-volatile memories.This is as illustrated in the figure below. 

 

 

 

 

Figure 2.3 – Von-Neumann Architecture 

 

 Microcontrollers with a Von-Neumann architecture include the MSP430, the Freescale HC508 

and the ARM7. The architecture offers various advantages: 

i. The system is simpler. 
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ii. There is no difference between access to a constant and variable data. 

 However, the architecture suffers from the limitation that it is intrinsically less efficient because 

several memory cycles may be needed to extract a full instruction from memory. 

 

2.4.1 Atmega32u4 Microcontroller 

 

 The low-power Microchip 8-bit AVR RISC-based microcontroller featuring 32KB self-

programming flash program memory, 2.5KB SRAM, 1KB EEPROM, USB 2.0 full-speed/low speed device, 

12-channel 10-bit A/D-converter, and JTAG interface for on-chip-debug. The device achieves up to 16 

MIPS throughput at 16 MHz. 2.7 - 5.5 Volt operations.  

By executing powerful instructions in a single clock cycle, the device achieves throughputs approaching 1 

MIPS per MHz, allowing you to optimize power consumption versus processing speed (Morton, 2010). 

 

 

 

 

Figure 2.4 - Atmega 32U4 Microcontroller 

 

Features 

 

 Complies fully with Universal Serial Bus Specification Rev 2.0 

 Supports data transfer rates up to 12Mbit/s and 1.5Mbit/s 

 Endpoint 0 for Control Transfers: up to 64-bytes 

 Six Programmable Endpoints with IN or Out Directions and with Bulk, Interrupt or Isochronous 

Transfers 

 Configurable Endpoints size up to 256 bytes in double bank mode 
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 Fully independent 832 bytes USB DPRAM for endpoint memory allocation 

 Suspend/Resume Interrupts 

 CPU Reset possible on USB Bus Reset detection 

 48MHz from PLL for Full-speed Bus Operation 

 USB Bus Connection/Disconnection on Microcontroller Request 

 Crystal-less operation for Low Speed mode. 

 

2.4.2 Atmega 328 Microcontroller 

 

 The high-performance Microchip 8-bit AVR RISC-based microcontroller combines 32KB ISP flash 

memory with read-while-write capabilities, 1KB EEPROM, 2KB SRAM, 23 general purpose I/O lines, 32 

general purpose working registers, three flexible timer/counters with compare modes, internal and 

external interrupts, serial programmable USART, a byte-oriented 2-wire serial interface, SPI serial port, 

6-channel 10-bit A/D converter (8-channels in TQFP and QFN/MLF packages), programmable watchdog 

timer with internal oscillator, and five software selectable power saving modes. The device operates 

between 1.8-5.5 volts (Morton, 2010).  

 

Figure 2.5 - Atmega 328 Microcontroller 

 

Features 

 

 28-pin AVR Microcontroller 

 Flash Program Memory: 32 Kbytes 

 EEPROM Data Memory: 1 Kbytes 

 SRAM Data Memory: 2 Kbytes 

 I/O Pins: 23 
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 Timers: Two 8-bit / One 16-bit 

 A/D Converter: 10-bit Six Channel 

 PWM: Six Channels 

 RTC: Yes, with Separate Oscillator 

 MSSP: SPI and I²C Master and Slave Support 

 External Oscillator: up to 20MHz 

 

 Microcontrollers provide great benefits in automation of processes because of the following 

reasons: 

i. Since all of the functional blocks of the micro-controller are contained within a single Integrated 

Circuit (IC), this results in a reduced size of the control board. 

ii. Micro-controllers tend to have low power consumption. 

iii. They tend to provide more flexibility and ease of integration within an application design. 

iv. The micro-controller not only reduces the cost of automation, but also provides the designer 

with more flexibility. 

v. The designer is relieved from the complex interfacing of external peripherals like ADC/DAC etc. 

and can concentrate on applications and development aspects. 

 

2.5 Relay Board  

 

 A relay is an electrically operated switch (Yan & Shi,2013). Many relays 

usean electromagnet tomechanically operate a switch, but other operating principles are also used, such 

as solid-state relays. Relays are used where it is necessary to control a circuit by a separate low-power 

signal, or where several circuits must be controlled by one signal. The first relays were used in long 

distance telegraph circuits as amplifiers: they repeated the signal coming in from one circuit and re-

transmitted it on another circuit. Relays were used extensively in telephone exchanges and early 

computers to perform logical operations. A type of relay that can handle the high power required to 

directly control an electric motor or other loads is called a contactor. Solid-state relays control power 

circuits with no moving parts, instead using a semiconductor device to perform switching. Relays with 

calibrated operating characteristics and sometimes multiple operating coils are used to protect electrical 

circuits from overload or faults; in modern electric power systems these functions are performed by 

digital instruments still called "protective relays".Magnetic latching relays require one pulse of coil 

https://en.wikipedia.org/wiki/Electric
https://en.wikipedia.org/wiki/Switch
https://en.wikipedia.org/wiki/Electromagnet
https://en.wikipedia.org/wiki/Solid-state_relay
https://en.wikipedia.org/wiki/Electrical_telegraph
https://en.wikipedia.org/wiki/Contactor
https://en.wikipedia.org/wiki/Solid-state_relay
https://en.wikipedia.org/wiki/Moving_parts
https://en.wikipedia.org/wiki/Protective_relay
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power to move their contacts in one direction, and another, redirected pulse to move them back. 

Repeated pulses from the same input have no effect. Magnetic latching relays are useful in applications 

where interrupted power should not be able to transition the contacts. 

 

Figure 2.6 –4-Channel Relay Board 

 

2.6 Bluetooth Module 

 

 Bluetooth is a wireless technology standard for exchanging data over short distances (using 

short-wavelength UHF radio waves in the ISM band from 2.4 to 2.485 GHz) from fixed and mobile 

devices and building personal area networks (PANs) (Harada, Brother Industries Ltd., 2016). The 

Bluetooth module allows us to transmit and receive signals. It receives the text from the Android phone 

and transmits it to the serial port of the Arduino Uno. 

 The Bluetooth module being used here is the HC‐05 module. It is an easy to use Bluetooth SPP 

(Serial Port Protocol) module, designed for transparent wireless serial connection setup. Serial port 

Bluetooth module is fully qualified Bluetooth V2.0+EDR (Enhanced Data Rate) 3Mbps Modulation with 

complete 2.4GHz radio transceiver and baseband. It uses CSR Bluecore 04‐External single chip Bluetooth 

system with CMOS technology and with AFH (Adaptive Frequency Hopping Feature). It has a slave 

default Baud rate of 9600. It auto connects to the last device on power as default. The connection can 

be point-to-point or multi-point where the maximum range is 10 meters. The transfer rate of the data is 

1Mbps. 
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Figure 2.7 – BluetoothModule HC-05 

 

2.7 Android Based Phone 

 

 Android is a mobile operating system (OS) based on the Linux kernel and currently developed by 

Google. With a user interface based on direct manipulation, the OS uses touch inputs that loosely 

correspond to real-world actions, like swiping, tapping, pinching, and reverse pinching to manipulate on-

screen objects, and a virtual keyboard. Android platform is widely used because of its huge market 

globally and it’s easy to use user interface [11]. Applications on the Android phones extend the 

functionality of devices and are written primarily in the Java programming language using the Android 

software development kit (SDK). The voice recognizer which is an in-built feature of Android phones is 

used to build an application which the user can operate to automate the house, like controlling lighting 

systems.  
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CHAPTER THREE: SYSTEM DESIGN 

 

3.0 SYSTEM DESIGN 

 

 This section discusses the design of the project through the combination of various blocks in the 

block diagram. The block diagram of the system is shown in figure 1.1. The Bluetooth module and the 

relay board are connected to the Atmega328p-pu microcontroller. The microcontroller receives the 

voice commands from the android application via Bluetooth technology. The application contains 

specific words and phonemes that the user says. 

 

3.1 Power Supply 
 

 In this study we needed a power supply for converting mains AC voltage to a regulated DC 

voltage. For making a power supply designing of each and every component is essential. Therefore, we 

designed a regulated 5V Power Supplyusing the following steps: 

 

3.1.1 Transformer 

 

 

 

Figure 3.1 – 220:12V Step-Down Transformer 

 

 We used 220v/12v step-down converter/ transformerfor converting the high voltage into low 

voltage. The converter with output voltage less than the input voltage is called as a step-down 

converter. 220V AC is converted into 12V AC using a step-down transformer. 12V output of stepdown 

transformer is an RMS value and its peak value is given by the product of square root of two with RMS 

value, which is approximately 13V. 
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RMS Value (Vs) = 12v 

Vs(pk) = √2VS …………………………………………………………………(3.1) 

Peak Value = Vs (pk) = 12√2=17v 

 

3.1.2 Rectifier 

 

 220V AC power is converted into 17V AC (12V RMS value wherein the peak value is around 17V), 

but the required power is 5V DC; for this purpose, 17V AC power must be primarily converted into DC 

power then it can be stepped down to the 5V DC. A bridge rectifier is used to convert AC into DC power. 

 

 

 

Figure 3.2 – Bridge Rectifier Circuit 

 

 Bridge rectifier consists of four diodes of type 1N007 which are connected in the form of a 

bridge. We know that the diode is an uncontrolled rectifier which will conduct only forward bias and will 

not conduct during the reverse bias. If the diode anode voltage is greater than the cathode voltage then 

the diode is said to be in forward bias. During positive half cycle, diodes D1 and D3 will conduct and 

during negative half cycle diodes D2 and D4 will conduct. Thus, AC is converted into DC; here the 

obtained is not a pure DC as it consists of pulses. Hence, it is called as pulsating DC power.  

Voltage Drop across the diodes 

2 x 0.7 = 1.4V 
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Peak voltage at the output of the rectifier 

17 – 1.4 = 15.6V  

= Approx. 16V 

 

3.1.3 Filter Circuit 

 

 12V DC can be regulated into 5V DC using a step-down converter, but before this, it is required 

to obtain pure DC power. The output of the diode bridge is a DC consisting of ripples also called as 

pulsating DC. This pulsating DC can be filtered by smoothing to remove ripples.  

 

 

Figure 3.3 – Filter 

 Capacitor is an energy storing element. In the circuit, capacitor stores energy while the input 

increases from zero to a peak value and, while the supply voltage decreases from peak value to zero, 

capacitor starts discharging. This charging and discharging of the capacitor will make the pulsating DC 

into pure DC, as shown in figure above. 

 A capacitor-filter circuit is provided at the input of the regulator to cut off the ripples from the 

incomingvoltage.The value of the capacitor used is obtained as follows. The route mean square value of 

ripple for a full wave rectifier is equal to 0.483 and is given by; 

 

 

γ =
1

4 √3fCRL
..……………………………………………………………… (3.2) 

Where: f is the supply frequency 

               C is the capacitance of capacitor  

               RL the load resistance.  

 

The load resistance is given by 
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RL  =
VL

IL
………………………………………………………………………… (3.3) 

Hence, 

RL =
17√2

500(10−3)
= 48.08Ω 

Capacitance value of the capacitor is determined from equation (3.2) as follows 

C =
1

4√3fγRL

 

C =
1

4√3 × 50 × 0.483 × 48.09
  ≅ 646µF 

Capacitor of 646 µFis not available in the market and so we chose a capacitor with a higher value 

1000µF to avoid damaging it. 

Standard value C=1000µFis chosen. 

 

Figure 3.4 – Power Supply Circuit 

 

3.1.4 IC7805 Voltage Regulator 

 

 12V DC voltage can be stepped down to 5V DC voltage using a DC step-down converter called 

as voltage regulator.IC7805 is used in this study. The first two digits ‘78’ of IC7805 voltage regulator 

represent positive series voltage regulators and the last two digits ‘05’ represents the output voltage of 

the voltage regulator.  
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7805 IC Rating: 

 Input voltage range 7V- 35V 

 Current rating Ic = 1A 

 Output voltage range   VMax=5.2v ,VMin=4.8v 

 

 

12V 

5V  

 

 

 

 

 

Figure 3.5 – 5VVoltage Regulator Circuit 

 

3.2 Microcontroller 

 

 The microcontroller selected for this project is Atmega 328p. According to its datasheet, this 

microcontroller has the following technical specifications [9]: 

 The microcontroller is housed in a 28pin Dual-Inline Package. 

 Operating voltage: 5VDC 

 Range of operating temperature: -40 to 85 degrees Celsius 

 Clock frequency – 16MHz. The datasheet recommends a crystal oscillator with 18-22pf ceramic 

capacitors connected across the oscillator pins. 

 The microcontroller is programmed using Arduino, a programming language developed from C 

program. 
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Figure 3.6– Atmega 328p-pu Circuit 

 

3.3 Bluetooth Module 

 

 Bluetooth module HC-05 is used in this study. It establishes connection between the 

microcontroller and the android device. The following are its specifications[11]: 

 Bluetooth protocol: Bluetooth Specification v2.0+EDR. 

 Frequency: 2.4GHz ISM band. 

 Modulation: GFSK (Gaussian Frequency Shift Keying). 

 Emission power: ≤4dBm, Class 2. 

 Sensitivity: ≤-84dBm at 0.1% BER. 

 Speed: Asynchronous: 2.1Mbps (Max) / 160 kbps, Synchronous: 1Mbps/1Mbps. 

 Security: Authentication and encryption. 

 Profiles: Bluetooth serial port. 

 Operating Voltage:+5VDC 30mA. 

 Working temperature: -20 ~ +75Centigrade. 

 Dimension: 26.9mm x 13mm x 2.2 mm. 
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For the HC-05 RX pin (data in) we need to convert the microcontroller’s 5V to 3.3V since the TX/RX pins 

work at 3.3V. This is done by using a voltage divider made from a couple of resistors. In this study, we 

used 1k ohm and 2k ohm resistors.  

1k + 2k = 3k 

1k is a third of 3k so it reduces the voltage by a third. One third of 5V IS 1.66V. 

5-1.66 = 3.33V 

 

Figure3.7 – Bluetooth Connection 
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3.4 LM2596 DC-DC Buck Converter Module 

 

 LM2596 DC-DC buck converter module is used in this study to supply VCC(5V) to the 4-channel 

relay. It has high-precision potentiometer, capable of driving a load up to 3A with high efficiency. The 

following are its specifications: 

 Input voltage: 4V-35V. 

 Output voltage: 1.25-30V. 

 Output current: 3A (MAX). 

 Size: 53mm * 26mm approx 

 Input mode: IN+ input positive IN- input negative. 

 Output mode: OUT+ output positive OUT- output negative. 
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3.4Relay Board 

 

 In this study, a 4-channel relay board is used to switch the bulbs used in the lighting system. The 

relay has the following features and specifications [10]: 

 Input supply 12 VDC at 170 mA. 

 Output four SPDT relay. 

 Relay specification 5 A at 230 VAC. 

 Trigger level 2 ~ 5 VDC. 

 Berg pins for connecting power and trigger voltage. 

 LED on each channel indicates relay status. 

 Power Battery Terminal (PBT) for easy relay output and aux power connection. 

 

Figure 3.8 – Opto-isolated Relay Board Circuit Diagram 
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3.5 Flowchart 

 

 

Figure 3.9 – System Flowchart 
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CHAPTER FOUR: SYSTEM CONSTRUCTION AND TESTING 

 

4.0 SYSTEM CONSTRUCTION AND TESTING 

 

 In this section, the account of the construction process is given in details. Voice controlled 

lighting system comprises of connection of Bluetooth module HC-05 and 4-Channel Relay to the Atmega 

328p-pu microcontroller to control the lighting system of a house according to the voice commands 

given to the microcontroller via the android application.  

 

4.1 List of Components 

 

Hardware components 

 220:12v Step-down transformer 

 Atmega328p Microcontroller 

 Bluetooth Module HC-05 

 4-Channel Relay 

 IC7805 Voltage Regulator 

 LM2596 DC-DC Buck Converter Module 

 Strip board  

 Resistors  

 Diodes  

 Capacitors  

 Arduino (For Programming Atmega328p Microcontroller) 

 Bulbs 

Software(s) 

 Arduino IDE (Integrated Development Environment) 

 AMR (Android Meets Robot) Voice Application 

 Proteus 8 Professional 
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4.2 Circuit Diagram 

 

 

 

Figure 4.1 – Voice Controlled Lighting System Circuit Diagram 
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4.3 Account of the Construction 

 

4.3.1 Breadboard Construction 

 

 

Figure 4.2 – Breadboard Construction 

4.3.1 PCB construction 

4.3.1.1Power Supply 

 

 The power supply unit comprised of one 220:12v transformer. The 12V output of the 

transformer was converted to 12V DC using a bridge rectifier containing four 1N007 diodes and 1000uF 

capacitor. A 7805-voltage regulator was used to step down further 12V DC to 5V DC for powering up the 

microcontroller and a DC-DC Buck Converter was connected to the 12V Dc to provide 5V DC for 

powering the 4-Channel Relay. This set up is shown in the figure below: 
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Figure 4.3 – Construction of Power Supply 

 

4.3.1.2 Atmega 328p-pu 

 

 Atmega328p Dual Inline Package (DIP) socket was used to hold the microcontroller on the strip 

board. The microcontroller is housed in a 28 pin DIP. The table below provides a summary of power and 

oscillator connection to the microcontroller.  

Table 4.1 Atmega328p-pu Pin Connections 

Pin Description 

Pin 7 VCC 

Pin 8 GND 

Pin 9 Oscillator 1 

Pin 10 Oscillator 2 
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Figure 4.4 – Microcontroller Soldering to Strip Board 

 

4.3.1.2 Bluetooth Module Interfacing 

 

 The TX and RX pins of the Bluetooth Module HC-05 were connected to the RX and TX (pin 0 and 

1) of the Atmega328p microcontroller respectively to facilitate smooth communication between the 

two. VCC pin of HC-O5 was connected to 5V DC and GND to the ground. The setup is as shownbelow: 

 

Figure 4.5 – Interfacing Bluetooth Module 
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4.3.1.3 4-Channel Relay Interfacing 

 

 The relay pins (IN 1, IN2, IN3, IN4) were connected to the Atmega328p-pu pins 9,10,11,12 

respectively. The relay received its supply from the DC-DC Buck Converter which supplies 5V DC 3Amp 

necessary to drive the relay. The setup is as shown below: 

 

Figure 4.6 – Interfacing 4-Channel Relay 

 

4.3.1.4 Connection of the Relay to the Bulbs 

 

 The common (COM) terminal for the relay was connected to 240V supply and looped to the 

other four relays. Normally open terminal was connected to one terminal of the bulbs while the other 

connected to the Neutral from the supply. The set up below shows the connection between the relay 

and the bulbs: 
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Figure 4.7 – Connection of the Relay to the Bulbs 

 

4.4 AMR Voice Application Interface 

 

 AMR Voice application lets us command the microcontroller using an Android smart phone and 

a HC-05 Bluetooth module. 
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Figure 4.8 – AMR Voice Application Interface 
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4.6 Complete Construction 

 

 The complete assembly of all the components that make up the Voice Controlled Lighting 

System is as shown in the figure below: 

 

 

Figure 4.9 – Complete System Assembly 
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4.7 TestingTechniques 

 

The system was tested using test point testing technique. 

4.7.1 Test Point Testing 

 

Table 4.2 - Result of Test Points 

 

Test Points Expected value Actual value Comment 

Input AC voltage from mains 240 V 228V AC voltage is not 
stable and keeps 
on fluctuating 

Line to line Voltage across the 
transformer 

24.0V 26.6V Transformer 
voltage not exact 
due to light loads 

Line to center tapped Voltage across 
transformer 

12.0V 13.3V Transformer 
voltage not exact 
due to light loads 

Dc voltage of the bridge(1N4007) 12.0V 12.6V Almost equal to 
the expected 
value only that it 
fluctuated 
around the max 
value 

Terminal voltage at the regulator 5.0V 5.03V Almost equal to 
the expected 
value only that it 
fluctuated 
around the max 
value 

Current from the transformer 5A 5.21A Almost equal to 
the expected 
value only that it 
fluctuated 
around the max 
value 

Current from the DC-DC LM 2596 
Converter 

3A 2.8A Almost equal to 
the expected 
value only that it 
fluctuated 
around the max 
value 

 
Proteus software was used to simulate the power supply circuit before implementing on the strip board. 
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4.7.2 System Testing 

 

 The input to the system was the voice commands as taken from AMR voice application that is 

supported by android phones. The test results showing the number of successful times in which the 

people who tested the workability of the voice applicationwere recorded in the table below. 

Table 4.3 – System Testing for the Switching System 

Command Test Persons (Out of 4 times) 

 A B C D 

Turn on/off room     

Turn on/off table     

Turn on/off bedroom     

Turn on/off security     

Turn on/off all     
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CHAPTER FIVE: RESULTS AND DISCUSSION 

 

5.0 RESULTS AND DISCUSSION 

  

 This chapter provides the results of the Voice Controlled Lighting System testswhich was tested 

using different methods. The discussion attempts to highlight the results, the benefits and shortcomings 

of the results obtained, and the implications of those results towards performance of the system. 

 

5.1 Results 
 

 Four persons with different accents and from different age groups were used to test the 

effectiveness of the voice (speech) recognition application and the switching mechanism. Each person 

said the controlling command for switching the specific lighting point four times (twice ON, twice OFF). 

The result of the test carried out on the implemented voice controlled lighting system is displayed in 

Table 5.1. Table 5.1 highlights the speech commands that were programmed to work with the voice 

recognition system. The commands correspond to the various lighting points that can be turned on or 

off by using voice. To give the command that switches on or off any particular lighting point, the point’s 

name is called and the word “On” or “Off” is spoken immediately after. This can be seen from the way 

the items (speech commands) are written under the ‘command’ column. The other columns, namely, A, 

B, C, D, tracks the number of times out of four (4), that the corresponding lighting being controlled 

responded (by switching on or off). Table 5.2 showsthe result obtained from Table 5.1. The “all on” voice 

command, switches on all the lighting points connected to the relay whereas the “all off” voice 

command switches off all the lighting points. 

 

Table 5.1 – Test Result for the Switching System 

Command Test Persons (Out of 4 times) 

 A B C D 

Turn on/off room 3 2 3 4 

Turn on/off table 4 3 3 3 

Turn on/off bedroom 4 4 2 3 

Turn on/off security 3 3 4 4 

Turn on/off all 4 4 4 4 
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Table 5.2 – Overview of the Test Result 

Lighting Point Command 

 On Off Total 

Room 7 5 12 

Table 7 6 13 

Bedroom 8 5 13 

Security 7 7 14 

All 8 8 16 

 

 

 During system testing, the lighting points were turned on/off according to the voice commands 

given to Atmega 328p-pu microcontroller. Below are the results of practical workability of the system: 

 

 

Figure 5.1 – Room On and Table On Bulbs 
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Figure 5.2 – Bedroom On and Security On Bulbs;All On Bulbs 
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5.2 Discussion 

 

 The study was successfully designed and tested. The results, displayed in Table 5.1and Table 5.2 

gives the number of times of successful detection of controlling voice commands. Four people with four 

different accents were involved in the tests (A, B, C, D). The purpose of having these people to test the 

software was to see how well the system performs or responds to differences in accents and pitches 

when voice commands are issued to it. The optimum distance of the user should stay from the 

microphone (phone) when issuing speech commands is 18 inches. When the voice commands were 

issued for the first time, it was discovered that it was very vital for users to speak slowly. In all, the 

success rate was 95%. This was gotten from expressing the successful commands as a ratio of the total 

number of commands issued across all persons who carried out the tests. This ratio was then expressed 

as a percentage. 

 During system testing, when it comes to processing time, the Google Speech Recognition Engine 

seemed to take a while to deal with the voice requests. In addition, there were a few instances that the 

user voice could not be recognized.Under the noisy condition out of five trials only four were correctly 

recognized thus the accuracy of the voice recognition module under noisy condition is 80%. 

Nevertheless, the system reached the expectations, by demonstrating a relevant flexibility in adapting to 

different scenarios and ascents while properly responding to the user voice requests. 

 

5.3 Benefits 

 

 From the results obtained above, it is evident that the system can simplify controlling of lighting 

system in aa home by the use of our voice. The user need not to have an immense knowledge over the 

language of English. Just by saying the lighting point name and the corresponding command assigned to 

that particular point, and telling it to turn on or off will enable the user to have complete control over 

the lighting system without any effort.This system, though primarily aimed to reduce human effort, will 

be of much importance to the elderly and persons with disabilities. It will enable them to control their 

lighting system with ease, without going through much pressure or stress of moving about. 

 Android applications are very simple and user friendly allowing the user to understand its 

functionalities in very little time. Hence, the use of android application in this system allows a user to 

easily learn the process and get accustomed to the functions. Moreover, the entire system is very 

flexible and scalable. Any number of lighting points can be added as and when required. Henceforward, 
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the systems find use not only in houses but also in many offices where appliances such as fans or lights 

on multiple floors can be controlled by a person on any of the floors, saving manual labour and human 

effort to switch on or off the electronic appliances, thereby saving time.Due to the inexpensive materials 

used in the construction and further cost optimization if the device is taken to the market, it finds 

application in a wide area. Scalability of the project would be considerably easier as the device can be 

used in every building using electrical appliances and devices. 

 

5.4 Challenges  

 

 There were a few challenges that we faced during this project’s implementation. While speaking 

to the voice application, it produced wrong voice commands in response to environmental noise, and it 

was noted that absolute silence and solitude could enable it work properly. Also, there was a delay 

between the transmission and reception of the voice command.  
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CHAPTER SIX:CONCLUSION 

 

 The following conclusion is a commentary of what extent the objectives were achieved. 

 

Conclusion 1:The first objective of the study was to implement the voice user as an input to 

microcontroller to control the lighting system at all times. From the results, the AMR voice application 

was used successfully to capture the voice commands. The voice recognition APIs in the application 

could identify the specific commands used except for a few instances. The commands were used to 

activate the respective relays thereby controlling the lighting system.  

 

Conclusion 2:The second objective was to use Bluetooth connection to control the lights via a phone 

from anywhere in a room. Bluetooth technology was effectively used to send the voice commands to 

the microcontroller. Based on the results, it is evident that the Bluetooth module was able to connect to 

the phone and transmit the voice input to the microcontroller successfully.  

 

Conclusion 3:The third objective of the study was to use a relay board to control the switching on and 

off of specific bulbs. The 4-channel relay used in the project controlled the four lighting points according 

to the voice commands efficiently. From the results, the lighting points, that is, room, table, bedroom, 

and security, was turned on and off respectively as per the user input hence this objective was achieved. 

 Generally, the Voice Controlled Lighting System was built and implemented successfully. The 

system is specially designed for the persons with special needs and the elderly. The use of voice 

commands eliminates the need to use remote controllers and other electronic device, such as the 

manual switch, and makes it easy to interact with the system to perform automation and control of the 

lighting system. The system is highly flexible and scalable since it can use other means of wireless 

transfer to the microcontroller other than Bluetooth and can be designed to switch as many lighting 

points and appliances as desired. From an engineering perspective, the project has seen concepts 

acquired through the electrical engineering study period being practically applied. The electric circuit 

analysis knowledge was used during design and fabrication of the individual modules; Electromagnetic 

fields analysis used in the wireless transmission between microcontrollers and Software programming 

used during programming of the microcontrollers to come up with a final finished circuit system. 
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CHAPTER SEVEN: RECOMMENDATIONS 

 

1. For the system to be effective to the native people of the country of Kenya, there needs 

to be clear set of libraries in the android application to enable diversification to Kiswahili 

and other local languages. 

2. There is a need of thorough research on the availability and stable use of the voice 

sequence on an offline platform. Also, we can easily integrate Google’s latest offering, 

Google Cloud Messaging to control our lighting system from the Internet, thus making it 

possible to monitor our system from anywhere in the world. 

3. Expanding the project with security sensitive functionality on the voice application 

would introduce the need for some type of user authentication. Only a specific user 

should be able to issue voice commands. One way to implement this security would be 

to use speaker identification which is the process of determining the identity of a 

speaker. This process would give the system the capability of blocking access to the 

voice commands from unauthorized users. 
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APPENDECIES 

APPENDIX A – Costing 

 

ITEM QUANTITY PRICE PER UNIT TOTAL PRICE 

Diode  1 30 30 

Switch on/off 1 80 80 

Capacitors 5 40 200 

7805 IC 1 70 70 

Atmega328p 

Microcontroller 

1 450 450 

220:12v Step-down 

transformer 

1 300 300 

4-Channel Relay 1 600 600 

Bluetooth Module 

HC-05 

1 600 600 

LM2596 DC-DC Buck 

Converter Module 

1 200 200 

Arduino UNO 1 1300 1300 

Bulbs 4 120 480 

Resistors  3 20 60 

IC sockets 1 70 70 

Strip board 1 100 100 

Solder wire 3 Meters 40 120 

Connector wires 4 Meters 35 140 

Casing 1 200 200 

TOTAL   5,000 
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APPENDIX B – Atmega 328p-pu Datasheet 

 

Pin Descriptions 

P7- VCC- Digital supply voltage. 

P8- GND- Ground. 

Port B (PB [7:0]) XTAL1/XTAL2/TOSC1/TOSC2- Port B is an 8-bit bi-directional I/O port with internal pull-

up resistors (selected for each bit). The Port Boutput buffers have symmetrical drive characteristics with 

both high sink and source capability. As inputs,Port B pins that are externally pulled low will source 

current if the pull-up resistors are activated. The PortB pins are tri-stated when a reset condition 

becomes active, even if the clock is not running. 

Depending on the clock selection fuse settings, PB6 can be used as input to the inverting Oscillator 

amplifier and input to the internal clock operating circuit. 

Depending on the clock selection fuse settings, PB7 can be used as output from the inverting 

Oscillatoramplifier. 

If the Internal Calibrated RC Oscillator is used as chip clock source, PB[7:6] is used as TOSC[2:1] input 

for the Asynchronous Timer/Counter2 if the AS2 bit in ASSR is set. 
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Port C (PC[5:0])- Port C is a 7-bit bi-directional I/O port with internal pull-up resistors (selected for each 

bit). The PC[5:0]output buffers have symmetrical drive characteristics with both high sink and source 

capability. As inputs,Port C pins that are externally pulled low will source current if the pull-up resistors 

are activated. The PortC pins are tri-stated when a reset condition becomes active, even if the clock is 

not running. 

PC6/RESET- If the RSTDISBL Fuse is programmed, PC6 is used as an I/O pin. Note that the electrical 

characteristicsof PC6 differ from those of the other pins of Port C.If the RSTDISBL Fuse is 

unprogrammed, PC6 is used as a Reset input. A low level on this pin for longerthan the minimum pulse 

length will generate a Reset, even if the clock is not running. Shorter pulses arenot guaranteed to 

generate a Reset.The various special features of Port Care elaborated in the Alternate Functions of Port 

C section. 

Port D (PD[7:0])- Port D is an 8-bit bi-directional I/O port with internal pull-up resistors (selected for 

each bit). The Port Doutput buffers have symmetrical drive characteristics with both high sink and 

source capability. As inputs,Port D pins that are externally pulled low will source current if the pull-up 

resistors are activated. The PortD pins are tri-stated when a reset condition becomes active, even if the 

clock is not running. 

AVCC- AVCC is the supply voltage pin for the A/D Converter, PC[3:0], and PE[3:2]. It should be 

externallyconnected to VCC, even if the ADC is not used. If the ADC is used, it should be connected to 

VCC througha low-pass filter. Note that PC[6:4] use digital supply voltage, VCC. 

AREF- AREF is the analog reference pin for the A/D Converter. 

ADC[7:6] (TQFP and VFQFN Package Only)- In the TQFP and VFQFN package, ADC[7:6] serve as analog 

inputs to the A/D converter. These pins arepowered from the analog supply and serve as 10-bit ADC 

channels. 
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APPENDIX C – Bluetooth Module HC-05 Pin Description 
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APPENDIXD – Code in Atmega 328p-pu Microcontroller 

 

#include <SoftwareSerial.h> 

 

const int rxPin = 0; 

const int txPin = 1;                

SoftwareSerialmySerial(rxPin, txPin); 

 

int room=9;//Connect RELAY 1(room light) To Pin #9 

int table=10;//Connect RELAY 2(table light) To Pin #10 

int bedroom=11;//Connect RELAY 3(bedroom light) To Pin #11 

int security=12;//Connect RELAY 4(security light) To Pin #12 

String data; 

 

void setup()  

{ 

Serial.begin(9600); 

mySerial.begin(9600); 

 

pinMode(room, OUTPUT); 

pinMode(table, OUTPUT); 

pinMode(bedroom, OUTPUT); 

pinMode(security, OUTPUT); 

 

digitalWrite(room, LOW); 

digitalWrite(table, LOW); 

digitalWrite(bedroom, LOW); 

digitalWrite(security, LOW); 

} 
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void loop()  

{ 

    int i=0; 

    char ch=0; 

    data=""; 

while(1) 

    {  

while(mySerial.available()<=0);//Check if there is an available byte to read 

ch = mySerial.read();//Conduct a serial read 

      if(ch=='#')//Exit the loop when the # is detected after the word 

      break; 

      data+=ch; 

    } 

Serial.println(data); 

    //----------Turn On and Off One-By-One----------// 

if(data=="*turn on room") 

    {  

digitalWrite(room,HIGH); 

Serial.println("room on"); 

    } 

    else if(data=="*turn off room") 

    { 

digitalWrite(room,LOW); 

Serial.println("room off"); 

    } 

    else if(data=="*turn on table") 

    { 

digitalWrite(table,HIGH); 

Serial.println("table on"); 
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    } 

    else if(data=="*turn off table") 

    { 

digitalWrite(table,LOW); 

Serial.println("table off"); 

    } 

    else if(data=="*turn on bedroom") 

    { 

digitalWrite(bedroom,HIGH); 

Serial.println("bedroom on"); 

    } 

    else if(data=="*turn off bedroom") 

    { 

digitalWrite(bedroom,LOW); 

Serial.println("bedroom off"); 

    } 

    else if(data=="*turn on security") 

    { 

digitalWrite(security,HIGH); 

Serial.println("security on"); 

    } 

    else if(data=="*turn off security") 

    { 

digitalWrite(security,LOW); 

Serial.println("security off"); 

    } 

     //----------Control Multiple Lights----------//  

    else if(data=="*turn on all") 

    { 
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digitalWrite(room,HIGH); 

digitalWrite(table,HIGH); 

digitalWrite(bedroom,HIGH); 

digitalWrite(security,HIGH); 

Serial.println("all on"); 

    } 

    else if(data=="*turn off all") 

    { 

digitalWrite(room,LOW); 

digitalWrite(table,LOW); 

digitalWrite(bedroom,LOW); 

digitalWrite(security,LOW); 

Serial.println("all off"); 

 

    } 

 

} 
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