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1.Introduction 
Intelligent, smart home automation systems are the 

primary requirements of the current world. Smart 

home automation systems are critical in maintaining 

living conditions and efficient and scalable 

surroundings [1]. The purpose of this research is to 

establish a consistent, smart home automation 

scheme that allows users to control the electronic 

devices in their homes using an intelligent 

application.  

 

 

 
*Author for correspondence 

The smart home controlling and automation system 

enables voice activated control of household devices 

by detecting the incoming speech [2]. A novel 

machine learning scheme captures the voice and 

processes it to securely identify the person to control 

the devices. Wireless Communication Technology 

(WCT) is used to build the smart home automation 

scheme concerning the Internet of Things assistance 

[3]. 

  

A residence based electronic devices like fans, lights, 

door sensors, window sensors, air conditioners, and 

etc. is incorporated into a system that interconnected 

is then to Internet of Thigs (IoT) enabled controller 
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Abstract  
Nowadays, communication schemes and the related automation logics have improved drastically, and people are moving 

from classical to intelligent applications. This naturally raises the growth ratio of the automation industry and enables 

researchers to work accordingly. The field of automation is essential in specific unavoidable environments such as 

hospitals, industrial units, individual residences, disaster areas, etc. In this paper, a novel machine-learning enabled 

speech-based home automation system is designed, called Intelligent Learning-enabled Home Controlling with Speech 

Assistance (ILeHCSA). This scheme integrates several latest technologies to control the home intelligently, including 

machine learning, speech assistance technology, and Internet of Things (IoT) support. Based on these advanced 

technologies, the logic of smart home automation systems has been designed in this approach, and it provides intellectual 

home controlling options to people. The following are the devices and sensors which are essential to control the electronic 

devices embedded into the home environment: Node Microcontroller Unit (MCU) Wi-Fi enabled Microcontroller, Relay 

Unit, Voice Capture Module with Mic, Speech-to-Text (STT) Converter Module, and Global Positioning System (GPS) to 

identify the location of the device. The machine-learning logic is utilized to provide a statistical analysis of device usage 

and to provide a clear summary and traces to maintain the device accordingly. These smart technologies can innovatively 

change the living atmosphere with sufficient support and comfort. The main intention of this paper is to provide a robust 

home automation system to support people efficiently, especially the people who are physically suffering from illness and 

the aged ones. The proposed work provides a 96.5% accuracy ratio when compared with other methods.  
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that acts as a bridge between the front end and the 

remote server end and performs the user orders 

throughout the residence. The voice based smart 

home controlling system raises living standards and 

particularly benefits senior citizens [4]. The capacity 

to operate electronic home devices, not just from a 

single location but also from anywhere in the globe is 

a potential for decades to come. A regular wall 

switch based controlling scheme is positioned around 

the residence, making it hard for the user to approach 

it and control the electronic devices accordingly. This 

becomes significantly more challenging for the aged 

and severely handicapped. The smart home 

automation scheme, which is wirelessly deployed by 

utilizing IoT enabled technology, is capable of 

controlling the electrical and electronics-based home 

appliances over a wide area. As innovation advances, 

smart home automation schemes become smarter. 

Most advanced homes are transitioning away from 

wall-based switches and moving toward a centralized 

command and control system that includes wirelessly 

operated switching devices. With Android based 

application technology, a real time based remotely 

controlled smart home automation scheme gives an 

easier solution [5, 6]. 

 

Android operates over a smart phone application 

platform that consists of an operating system, 

processors, and other related applications. Android 

supports multiple modes of communication, 

including WiFi technology, Bluetooth 

communications, and wireless data transfer over a 

mobile network and base station support. This 

includes a plethora of relevant tools and features for 

developing robust applications. Moreover, Android 

features a comprehensive collection of capabilities 

that help programmers work more efficiently and 

gain a deeper understanding of their implementations. 

  

The main motivation of this research is the simplicity 

and purpose of adopting such features to the 

residence to convert the normal home into a wireless 

smart home. A wireless remote operation is enabled 

via any smart phone/tablet/Personal Computer (PC) 

/laptop equipped with the Android operating system 

[7, 8], via a Graphical User Interface (GUI) based on 

the touch sensitive interface as well as voice 

assistance. This paper provides an option to 

customize the device according to the user end, with 

respect to self-configure and remote assistance-based 

controlling. In self-operating mode, the Android 

application is presented with a smart device to 

control the electronic devices in home through local 

Wi-Fi enabled communications. 

 

The second remote operation mode provides a facility 

for users to control the devices from anywhere in the 

globe through an Android mobile application. 

However, for the second mode of operation the user 

needs to have the Android mobile to control the 

devices. To do this, the Android application software 

serves as a transmitter, transmitting ON and OFF 

orders to a receiver linked to loads, as seen in Figure 

1. 

 

Utilizing the wireless enabled technology, electronic 

devices can be turned ON /or OFF automatically by 

activating the appropriate voice commands to switch 

on/off the receiver end devices. 

 

 
Figure 1 system architectural view 
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1.1Device operational modes 

The proposed approach utilizes the benefits of dual 

operation modes such as Mic with Speech to Text 

(STT) conversion module and the Android based cost 

efficient remote operation module. Both these 

modules are efficient enough to operate the home-

based electronic devices intelligently. The following 

summary illustrates the appliances of both these 

modes in a transparent manner. 

 

1.2Mic with STT 

The Mic with STT module contains an inbuilt 

controller with a pre-programmed voice 

accumulation module through Mic interfacing. The 

controller associated with this module consists of a 

speech recognition system, in which it is deployed by 

using the python code library called 'Speech 

Recognition.' This application software called python 

records and processes voice using the voice 

identification package and converts the speech into 

text by using an Application Programming Interface 

(API) via speech to text environment. Whenever the 

client speaks, the Mic associated with the device 

acquires the voice, and the software script developed 

by using python records the speech in digital format 

and sends it to the API platform, together with the 

unique API access code issued the concern to its 

customers. Once the voice message hits their 

powerful voice recognition technology, it is 

converted to text. After that, the text is returned to the 

script file generated by using python. In the python 

software script, it is compared to standard 

instructions for powering ON/OFF equipment. If the 

keyword resembles the text obtained, the appropriate 

word ON/OFF is put in the appropriate relay's trigger. 

A generated python code called iot.py is utilized and 

it keeps an eye on the content of the files associated 

with each relay. The scripts generated in python turn 

the General-Purpose Input-Output (GPIO) pin LOW 

or HIGH for each relay attached to it according to the 

script's contents that is either ON or OFF. This mode 

is especially suitable for the physically challenged 

and for elderly people. 

 

This mode is significant to capture the voice from a 

reasonable distance of 5 to 6 feet from the Mic, but if 

the surrounding noises are less the acquisition ability 

of the device is more as compared to the mentioned 

one. This mode of operation is slightly costly 

compared to another mode called Android-based 

home automation because this mode consists of 

several devices such as Mic, STT module with 

python interfacing, and power adaptors. Due to these 

requirements, the cost efficiency is less in this mode, 

but the operating frequency is high enough. 

 

1.3Android application 

An Android application-based remote home-

controlling mode offers a provision to customers to 

control the Home from anywhere in the globe 

without any restrictions; moreover, this mode is 

considered to be a cost-effective mode [6]. This is 

due to the efficiency of mobile phones that are 

utilized instead of purchasing a separate component 

to recognize the speech input from the user. This 

operation scheme accumulates the user's voice input 

via the google speech recognition tool and 

accumulates the speech from the client end 

incorrectly. The accumulated speech values will be 

processed and converted to text using the Android 

speech to a text-conversion program, in which the 

converted textual values are transmitted to the 

controller via locally enabled Wi-Fi medium.  

 

The accumulated textual values will be analyzed by 

the controller end for the acquisition of learning 

principles called Intelligent Learning-enabled Home 

Controlling with Speech Assistance (ILeHCSA), in 

which it processes the received voice signals that are 

accumulated from the authorized person or else it is a 

fake signal to operate the home electronic 

components illegally. If the accumulated signals are 

proper, the respective ON/OFF trigger will be sent to 

the relay to operate the corresponding devices. 

Otherwise, this application blocks the user from 

proceeding further. Based on these features, the 

proposed approach is significant enough to control 

the home intelligently from anywhere at any time and 

without any range restrictions. 

 

The primary objectives of the proposed speech-

enabled smart home controlling system are 

summarized as follows: 

1. To provide an intelligent home-controlling 

system with effective operations to people. 

2. To support people like physically disabled 

persons, patients, and old aged people to operate 

their homes without depending on others. 

3. To provide a new methodology to operate the 

entire home and the associated electronic gadgets 

based on the user's speech. 

4. To provide global operation support with 

adapting the Internet of Things into the proposed 

approach. 

5. To include the machine-learning strategy to 

provide a systematic analysis of gadget usage 

and summarize it through traces, in which it will 
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be helpful to maintain the electronic devices in 

the home accordingly. 

 

These objectives are attained successfully through 

adding innovative technologies to the conventional 

home-automation system to transform it into a new 

manner with the help of learning techniques and IoT 

associations. The proposed machine-learning model 

called ILeHCSA is utilized to resolve all the 

conventional home-automation issues and provides a 

speech-based home electronic device-controlling 

system. This logic maintains the operation summary 

so that the user can easily monitor the summary, and 

it will be helpful for them in the future. 

 

As regards the rest of this paper, literature review is 

in section 2, section 3 illustrates the proposed system 

methodologies in detail, section 4 illustrates the 

results and discussion portion of the paper and the 

final section, section 5, illustrates the concept of 

conclusion and future scope of the proposed paper. 

All these will be explained in detail in the related 

section summaries. 

 

2.Literature review  
Mao et al., [8] proposed a paper related to the 

identification of ultrasonic sensor-enabled inaudible 

speech threats on smart home automation schemes. In 

this paper, the authors emphasize IoT as a vital 

foundation element and its operational capabilities 

for the rapidly growing cross-region, intelligent 

application and diverse cooperative smart building 

solutions that demand structured collaboration 

between numerous smart city technologies. Voice-

controlled technologies based on speech-recognition 

schemes have become one of the foremost similar 

classifications in new devices. 

 

Dong and Yao [9] proposed a paper related to a 

secured millimeter wave radar-assisted speaker 

authentication for the IoT-enabled smart home 

automation. In this paper, the authors illustrated that 

voice-assistant devices serve as a communication 

bridge in an IoT-enabled smart home application. 

Users can operate smart houses via smart devices. 

Moreover, smart speakers discuss the implementation 

of security breaches and data leakages. For instance, 

hostile players may spoof authorized consumers to 

submit the home automation based on speech 

commands. As a result, speech verification has 

become a vital component of higher security over 

smart home automation.  

 

Chatterjee et al. [10] proposed a paper related to 

voice-based emotion assessment in real-time for 

controlling smart home electronic devices. In this 

paper, the authors illustrated that artificial 

intelligence-enabled voice-assisted emotion-

recognition scheme is widely utilized in the current 

market to manage home automation assistants, with 

many such gadgets in the marketplace. Thus, the 

purpose of this work is to analyze emotional 

responses in voice, suggest a method that balances 

efficiency and sophistication for implementation in 

consumer products, primarily home-based electronic 

devices, and demonstrate the study through a realistic 

live presentation. The paper describes a complete 

methodology to human voice-assisted emotion 

recognition. To acquire and identify the feelings 

connected with the human voice a 1D convolutional 

layer was developed, and it was built using the 

Ryerson audio visual database of emotional language 

and music and the Toronto emotion voice set 

databases as standardized sources. The suggested 

methodology achieves prediction performance of 

90.48 percent, 95.79 percent, and 94.47 percent in the 

databases as mentioned earlier.  

 

Su et al. [11] proposed a paper related to a control 

system for home appliances that is interactive and 

beneficial to the home to make a smart living 

experience. In this paper, the authors demonstrate 

that the easy operation and adaptability of hand-based 

gesture operations offer immense conceptual and 

applied promise. The results indicate that the 

technology works effectively, achieving a 

classification accuracy of 91% and completing the 

controlling function for domestic devices in thirty 

seconds. The aims of this research are both 

educational (i) demonstrating the full implementation 

of methodologies for detection process, handling and 

information processing and feasible (ii) 

demonstrating its viability and utilizing commonly 

produced equipment/software architectures for 

practical applications and consequently (iii) 

establishing a framework for effective performance 

measurement framework to support smart home-

based living nature. 

 

Filipe et al. [12] proposed a paper related to applying 

artificial intelligence and creating a speech-based 

smart home-controlling system. In this paper, the 

authors illustrated that the advent of the IoT 

paradigm had created a clear vision for the technical 

destiny, enabling the collection and interpretation of 

data from the surroundings around us through the 

communication and integration of multiple electronic 
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gadgets. Connected devices, in particular, intends to 

incorporate these gadgets into residences, permitting 

the mechanization of traditionally manual chores, 

thereby simplifying daily life and creating a more 

pleasant space. This research makes the following 

substantial improvements: (i) architectural design for 

a home automation control system, (ii) complete 

implementation of a home automation console and 

effective communication, (iii) fully accessible set of 

data of consumer behavior from the smart blinds 

circumstance and (iv) comparative analysis of offline 

and online-learning methods.  

 

Venkatraman et al. [13] proposed a model integrating 

wireless technologies and IoT services to develop a 

secure smart home automation with artificial 

intelligence and voice-controlled system. The 

proposed model is applied to various practical use 

cases considering factors like integrated voice-based 

control, security and affordability.  

 

Younis et al. [14] determined a device friendly 

amicable methodology for home automation. This 

work alarms the user about gas spillage and door 

tampering. The methodology focuses on the security 

factor that automatically sends the alerts and alarms 

to the user’s mobile phone.  

 

Elakkiya et al. [15] discussed web and voice 

recognition applications to control the electrical 

appliances at home. Intrusion detection is done by 

implementing a small-scale prototype using 

Raspberry pi. The model sends email alerts to the 

user using an integrated home automation system. 

Unauthorized person is identified by using a face 

recognition feature. 

 

Abdulkareem et al. [16] focuses on implementing 

speech recognition systems integrated with IoT to 

control door and electrical appliances with raspberry-

pi elements. Digital Signal Processing technique, 

speech recognition and hidden Markov model are 

designed for processing, extraction and high 

predictive accuracy of the system.  The disadvantages 

of the above-mentioned algorithms and techniques 

were not quite enough to control the system of the 

devices. For this reason, ILeHCSA is proposed and to 

control the system by speech. 

 

3.ILeHCSA: a proposed algorithm 

ILeHCSA algorithm is proposed, which integrates 

many latest technologies to intelligently provide a 

smart home automation system. This proposed 

approach integrates machine-learning strategies to 

identify whether the user is a registered person or 

trying to access the device illegally. This system 

trains the user voice during the authorization phase 

and tests the present user voice based on the training 

samples. When the testing voice sample matches with 

the trained model, this approach allows the user to 

proceed further and control the home-based 

electronic devices through the voice-enabled 

operations. However, if the input testing voice does 

not match with the trained sample, it immediately 

blocks the user from proceeding further. This system 

consists of numerous smart sensors and gadgets to 

work with it as depicted in Figure 2.  The sensors 

associated with the proposed approach are Node 

MCU Wi-Fi-enabled Microcontroller, Relay Unit, 

Voice Capture Module with Mic, STT Converter 

Module, and Global Positioning System (GPS) [17–

19]. 

 

 
Figure 2 Proposed block diagram 
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Algorithm: Speech Data Accumulation and 

Controlling 

Input: User Voice Signals 

Output: Trigger to Operate the Loads 

Step-1: Importing the required library to adapt the 

Wi-Fi features into the code. 

Pseudo code: Import ESP8266_Wi-Fi.h 

Step-2: Create an object for Wi-Fi Client class, such 

as 'client'. 

Step-3: Create an object for Wi-Fi Server class, such 

as 'server()' with the specification of transaction byte 

size. 

Pseudo code:  

Wi-Fi_Client client; 

Wi-Fi_Server server(90); 

Step-4: Define the Wi-Fi Credentials into the 

implementation area to connect automatically with 

the system. 

Pseudo code:  

Char SSID<"Username"; 

Char PWD<"Password"; 

Step-5: Create a SetUp() function to initiate the Wi-

Fi connection and set the baud rate to process the 

loop accordingly. 

Step-6: Create a loop() function and check whether 

the Wi-Fi credentials are properly initiated or failed 

to initiate. 

Step-7: Gather the voice signals from the URL 

request parameters and store it into the array unit. 

Step-8: Based on the respective array index, the 

trigger value is grasped from the array. 

Step-9: If the trigger value matched with the defined 

controller, the respective relay will be getting tripped 

and the load will be ON or OFF accordingly. 

 

3.1Relay unit 

A relay is an integrated circuit that functions as a 

mechanical switch via the use of an electromagnetic 

function. A relay's primary function is to switch on 

and off a high-powered connection from a lower-

powered connection [14]. A relay switch is available 

in various configurations, dimensions, colors, voltage 

ratings, and characteristics. A relay enables you to 

switch on or off a circuit with far more voltage and 

power than a microcontroller can handle. The relay 

completely isolates the controller's low voltage 

circuit from the high voltage side operating the loads. 

The user can activate a relay remotely over Wi-Fi 

from a gadget such as a smartphone, tablet, and 

computer or activate the relay locally through Wi-Fi. 

For instance, a Smartphone application can be used to 

turn on/off-powered household lights. The IoT 

control relay is a programmable energy circuit with 

four outlets that enables IoT applications' reliable and 

safe control scheme. The IoT assisted relay enables 

the simple regulation of the energy provided to a 

device via a controller. 

 

3.2Voice capture module with Mic 

This module internally consists of voice-capturing 

Mic, in which it accumulates the user voice through 

python scripting with Google's support. By using this 

device, users can speak and control the home 

electronic gadgets without any interference. This 

module internally contains the STT module with a 

programmable controller. The module accumulates 

the user voice from the Mic and converts it into the 

text format for validation. The learning approach 

analyzes the controlling trigger and respective user 

authentication for the trained dataset model. The 

validation outcome provides a positive result, which 

means that the user can trigger the respective load; 

otherwise, the system blocks the user from 

controlling the home. This process is very helpful for 

elderly people and patients. 

 

3.3GPS module 

GPS was established to facilitate defense and civilian 

applications to determine their geographic regions 

accurately. It is realized utilizing globe orbiting 

satellites that provide data that allows for measuring 

the range between both the satellites and the users. 

The GPS module comprises minuscule Central 

Processing Unit (CPU) and antennas that acquire 

information precisely from satellites via specific 

radio signals, and it will receive timestamps and 

additional information from each accessible satellite. 

GPS satellites are equipped with atomic clocks that 

maintain exact time. The timestamp is included in the 

satellite's transmission codes so that a receiver may 

consistently detect when the information was 

transmitted [15]. This module provides an ability to 

the proposed approach to maintaining the exact 

location details of the device with clear traces. 

 

4.Results and discussion  
The successful placements of the complete 

installation kit into the residence are tested for ten 

successive days without any interference or time gap. 

The accuracy estimations are derived for this 

application based on the logic and working 

conditions of the proposed home automation device. 

The voice is collected from several individuals and 

tests the proposed scheme accordingly with real-time 

conditions such as noisy, silent, and moderate 

environments under dual modes of operations. With 

all these constraints, the kit’s working nature is 

significant enough and provides a standard accuracy 
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ratio of 96.5% in working. Table 1 illustrates the 

speech data accumulation ratio over the tested period 

with success and failure rates. When the number of 

days was set to 1, overall data accumulation was 

81%, the success rate was 70%, and the failure rate 

was 11%. Similarly, calculations were done for the 

various numbers of days. The success rate increased 

up to 96% when the total number of days was 

increased, and the failure rate decreased to 4%.  

 

Table 1 Data accumulation ratio with success and 

failure ratio analysis 

No. of 

days 

Overall 

accumulation 

Success Failure 

1 81% 70% 11% 

2 86% 80% 6% 

3 89% 84% 5% 

4 91% 86% 5% 

5 91.2% 90% 1.2% 

6 91.9% 89.9% 2% 

7 92.6% 87.6% 5% 

8 93.06% 90.06% 3% 

No. of 

days 

Overall 

accumulation 

Success Failure 

9 94.1% 91% 4.1% 

10 96% 92% 4% 

 

Figure 3 illustrates the proposed approach speech-

recognition accuracy over the tested period in a real-

time environment. Moreover, the resulting accuracy 

is cross-validated by comparing both operation 

modes, such as Mic with STT module and the 

Android application-based module. The x-axis 

indicates the number of days the device is tested, and 

the y-axis indicates the voice capturing accuracy 

ratio. On day 1, Mic with STT exhibits 89%, Android 

module 91%, and conventional model 81% accuracy 

for voice capturing. Similarly, tests are conducted to 

find the best voice accuracy ratio using Mic with 

STT, Android module, and conventional model. 

Consequently, it was found that the Android module 

had consistently outperformed the other two modules 

in speech-recognition accuracy. 

 

 

 
Figure 3 Speech recognition accuracy 

 

Figure 4 illustrates the graphical representation of the 

proposed approach to data trigger reception accuracy 

over the tested period in a real-time environment. 

Moreover, the trigger accuracy ratio is cross-

validated with the comparison of both operation 

modes such as Mic with STT module as well as the 

Android application-based module, in which the x-

axis indicates the number of days the device is tested 

and the y-axis indicates the triggering accuracy ratio. 

Trigger reception accuracy is calculated for three 

modules: Mic with STT, Android, and conventional 

with the number of days. The results showed that the 

Android module’s trigger accuracy ratio was 92% to 

96% for days 1 to 10, declaring that the Android 

module works better when compared with Mic with 

STT and conventional models. 

 

Figure 5 illustrates the graphical representation of the 

proposed approach bit error ratio over the tested 

period in a real-time environment. Moreover, the 

resulting bit error ratio is cross-validated by 

comparing both operation modes, such as Mic with 
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STT module and the Android application-based 

module. The x-axis indicates the number of days the 

device is tested, and the y-axis indicates the bit error 

ratio. The graphical representation of the bit error rate 

analysis indicates that the Android module’s bit error 

rate is less when compared with Mic with STT and 

conventional models. 

 

Limitations 

The proposed system can be operating according to 

the control of google voice assistant, in which most 

people are unaware of using such schemes 

acceptably. The learning technique requires some 

time for processing the present service request for the 

cross-validation of previous requests mentioned in 

the trace. The logic of deep learning can be applied to 

the approach to convert the trace verification process 

simpler. 

 

 
Figure 4 Trigger reception accuracy 

 

 
Figure 5 Bit error rate analysis 

 

5.Conclusion and future scope 

The proposed ILeHCSA is concerned with powerful 

controlling methodologies. This system provides dual 

mode controlling options such as Mic-based voice 

capturing and controlling and android application-

based smart home controlling. This technology has 

several innovative devices associated with it to 

manipulate the automation intelligently. Specifically, 

the appliance of the GPS module provides robust 

support to assist the users based on device location 

exactly concerning latitude and longitude values. 

This system is more suitable for elderly people and 

can easily be controlled via Wi-Fi, and especially it is 

suitable for handicapped people. The IoT appliance 
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provides robust features to the proposed approach to 

operate the device from a remote environment as 

well. This voice-based smart home automation 

system is a speech-activated household control 

strategy that combines an Android application to 

operate household electronic appliances through 

WCT. Because no direct interaction with the smart 

home automation system is necessary, speech-based 

controlling options provide users with a sense of 

stability. The Android-assisted smart home 

application talks with the remote IoT data server 

through the network through the mobile application. 

Every Android Smartphone capable of running the 

smart home automation software is used to download 

and install it and regulate the smart home automation 

system. A reduced expensive logic of this smart 

home automation scheme has been designed, in 

which the Wi-Fi-enabled controller intelligently 

performs all computations. By utilizing wireless 

communication strategies, the suggested solution 

eliminates the need for additional wiring.  

 

In the future, the work can further be enhanced by 

adding some hybrid learning approaches to the 

proposed learning scheme to improve the time 

efficiency. The AdaBoost logic can be utilized for 

improving the speech-recognition accuracy. 
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Appendix 1 
S. No. Abbreviation Description 

1 API Application Programming Interface 

2 GPIO General-Purpose Input Output 

3 GPS Global Positioning System  

4 GUI Graphical User Interface 

5 ILeHCSA Intelligent Learning enabled Home 

Controlling with Speech Assistance 

6 IoT Internet of Things 

7                                 PC Personal Computer  

8 MCU Microcontroller Unit 

9 STT Speech to Text 

10 WCT Wireless Communication Technology 

 

 

 

 

 

 

 

 


