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DESIGN AND CONSTRUCTION OF A SMART-HOME AUTOMATION SYSTEM
(SHAS) USING NODEMCU AND GOOGLE ASSISTANT

ABSTRACT

This paper presents the design and construction of a smart-home automation system using
nodeMCU and Google assistant. The device consist of Enhanced Universal Synchronous
Asynchronous Receiver Transmitter (EUSART) module that contains all clock generators, shift
registers and data buffers necessary to perform an input or output serial data transfer
independently of the device program execution. The NodeMCU (ESP8266) Wi-fi Shield
connected the microcontroller to the provided Wi-fi network. The Arduino and MPLAB
Programming Interface with the help of PICKit3 were used to run the code on PIC16F877A.
Home appliances were controlled via a web page created using IFTTT for the voice command
and the Blynk app for controlling hardware remotely and also display sensor data. IFTTT is a
simple to use internet service that easily enables 10T devices to GET and POST data. The device
was constructed based on low cost and reliable home controlled monitoring system for accessing
and controlling electronics appliances remotely using any Smart phone with access to Google
assistance or Computer web application. The device was test under different electronics
appliances with different voltage capacities and was found efficient. Therefore, this device when
used is capable of improving the living standard at home, reduces human effort, save energy and

time thus make homes have sufficient automation.
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1. INTRODUCTION

The rapid growth in technological advancement has set a new conceptual model and pattern on
the standard of living in our modern societies. Homes now have access to electric power,

televisions, radio, and telephones. Domestic chores which used to be laborious are now made



easy by specialized machines to carry out some specific tasks such as, washing and drying which
is made easy with the assistance of washing machines which reduces the labor of washing and
drying of clothes. Heating, Ventilation and Air Conditioning (HVAC) appliances provide further
improved convenience and comfort (Khatu et al., 2015).

Seeing the various numbers of electronic devices being made available in a household, a remote
centralized automated home control system has become an increasingly useful and desired
feature. Also, due to the advancement of wireless technology, there are several connections that
are introduced such as Global System for Mobile Communication (GSM), Wireless Fidelity
(WIFI), and Bluetooth. Each of the connections has its unique specifications and applications.
Among the four popular wireless connections that are often implemented in a Smart-Home
project (Smitha and Rumana, 2015). The capabilities of Wireless Fidelity (WIFI) are more than
enough to be implemented in the design. Also, most of the current laptops/notebooks or
Smartphones come with in-built Wireless Fidelity (WIFI) adapter which allows electrical
appliances to interconnect with one another through the help of electronic components/devices
allowing better convenience, energy efficiency, and security. It will indirectly reduce the cost of
this system (Malik and Bodwade, 2017).

Home automation has been a feature of science fiction for many years and began to be put into
practice in the early 20th century. However, despite the great interest, problems have limited the
venture of home automation into the homes of the rich or hobbyists, among them including
complexity, high costs, and multiple incompatible standards: However, in this project, it is
intended to construct a low cost simple web-based home automation system (Lamine and Abid,
2014)



2. METHODOLOGY
DESIGN: The design of this project is done based on figure 1
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Figure 1: Block diagram of a web-based home automation system
POWER SUPPLY UNIT

This unit converts mains AC to regulated DC voltage for the internal components of the project.
This unit consist of

Rectifier Circuit: A rectifier is an electrical device that converts alternating current (AC) to
direct current (DC), a process known as rectification (Akande et al., 2007). Diode is the major
component of a rectifier. A diode is a two-terminal electronic component with an asymmetric
transfer characteristic, with low (ideally zero) resistance to current flow in one direction, and

high (ideally infinite) resistance in the other.

The most common function of a diode is to allow an electric current to pass in one direction
(called the diode’s forward direction) while blocking current in the opposite direction (the

reverse direction). Thus, the diode can be viewed as an electronic version of a check valve.

The output voltage of a center-tapped full wave rectifier is one-half of total secondary voltage
expressed as (Akande et al., 2007),
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where Vg is the biased voltage of the diode. The peak inverse voltage (PIV) for a full wave
center tapped rectifier is 2Vp(out) (Akande et al., 2007).

Ripple factor: the ripple factor was used to measure the amount of ripples present in the output
DC voltage. Ripple factor is defined as the ratio of ripple voltage to the pure DC voltage
expressed as (Theraja and Theraja, 2002)
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A high ripple factor indicates a high pulsating DC signal.
DC output current Ipc = 21“% (3)
where Iy is the maximum DC load current.
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Vge = —2ex (4)
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where Vax IS the maximum secondary voltage.

Because of the full wave rectification, the period of the full wave signal was half the input period
which was obtained as

; . 1 1
T;, (input period) = N 20ms
Tout = Zo;m = 10ms
_ 1 1
The output frequency = = Toms 100Hz

Therefore, the frequency of the full wave signal is double the input frequency.



Filter Circuit:

In power supply, capacitors or inductors (choke) are used to smooth (filter) the pulsating DC
output after rectification. The pulsating output of the rectifiers has an average DC value and an
AC portion that is called ripple voltage. Filter capacitors reduce the amount of ripple voltage to
a level that is acceptable. In a filter circuit the capacitor is charged to the peak of the rectified
input voltage during the positive portion of the input. When the input goes negative, the
capacitor begins to discharge into the load. The rate of discharge is determined by the RC time

constant formed by the capacitor and the load's resistance (Zhimwang et al., 2017).

The voltage across the capacitor was determined by (Malvino and Bates, 2006)

1
Ve = Vin (5)
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And the voltage across the resistor was determined by (Malvino and Bates, 2006)

RC 1, (6)
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Transfer function from the input voltage to the voltage across the capacitor is expressed as
(Malvino and Bates, 2006)

ve 1
He = Vin  1+RC ()

Transfer function from the input to the voltage across the resistor is expressed as (Malvino and
Bates, 2006)

. = k¢ (®)

R ™ 4+rc

Since a full wave rectifier was connected to a capacitor input filter, the peak-to-peak ripple was
cut in half and when the full wave voltage was applied to the RC circuit, the capacitor discharges

for only half as long (Malvino and Bates, 2006)
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Where f is the ripple frequency, Iy is the dc current and C is the capacitor used.



C = (10)

R= — (11)

2mFC

EUSART MODULE:

The Enhanced Universal Synchronous Asynchronous Receiver Transmitter (EUSART) module
is a serial 1/0 communication peripheral. It contains all clock generators, shift registers and data
buffers necessary to perform an input or output serial data transfer independently of the device

program execution.
REGULATOR

A voltage regulator is used to regulate voltage levels. When a steady, reliable voltage is needed,
then the voltage regulator is the preferred device. It generates a fixed output voltage that remains
constant for any changes in an input voltage or load conditions.

NodeMCU (ESP8266) Wi-fi Shield:

This is the Wi-fi shield that connects the microcontroller to the available Wi-fi network. A
microcontroller is a compact integrated circuit designed to govern a specific operation in the
coding section. The main features of microcontrollers are RAM, flash memory, Timers/Counters,
EEPROM, I/O Ports, USART, CCP (Capture/Compare/PWM module), SSP, Comparator, ADC
(analog to digital converter), PSP (parallel slave port), LCD and ICSP (in-circuit serial
programming) The 8-bit PIC microcontroller is classified into four types based on internal
architecture such as Base Line PIC, Mid Range PIC, Enhanced Mid Range PIC and PIC18.
RELAY

A Relay is a device with contacts that opens and closes a switch as the result of an input signal
(voltage or current) applied to a coil. The electric relay is one of the most frequently used devices
in modern technological systems. It can be found in cars, washing machines, microwave ovens,

and medical equipment, as well as in tanks, aircraft, and ships.



POTENTIOMETER

A potentiometer informally a pot is a three-terminal resistor with a sliding contact that forms an
adjustable voltage divider. If only two terminals are used, one end and the wiper, it acts as a
variable resistor or rheostat. A potentiometer measuring instrument is essentially a voltage
divider used for measuring electric potential (voltage); the component is an implementation of
the same principle, hence its name. Potentiometers are commonly used to control electrical
devices such as volume controls on audio equipment. Potentiometers operated by a mechanism

can be used as position transducers.

Potentiometers comprise a resistive element, a sliding contact (wiper) that moves along the
element, making good electrical contact with one part of it, electrical terminals at each end of the
element, a mechanism that moves the wiper from one end to the other, and a housing containing
the element and wiper.Potentiometers are rarely used to directly control significant amounts of

power (more than a watt or so).

2.2 PROCEDURES FOR SETTING UP IFTTT FOR IOT HOME AUTOMATION

In this Study, Home appliances were controlled via a web page created using IFTTT as shown in
figure 2 for the voice command and the Blynk app for controlling hardware remotely and also
display sensor data. IFTTT is a simple to use internet service that easily enables 10T devices to
GET and POST data. Additionally, it can be used to create GUI interfaces for viewing data,
controlling devices, and triggers alerts/warnings.

Step 1: IFTTT account was created with a Google mail Account

Sign in — Google accounts - Microsoft Edge — — >

accounts.google.com

WP ariyokazsemI2acagmail.comnm
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Figure 2: Google user profile



Step 2: Creating an IFTTT (If This, Then That) command was controlled via Google voice

command and response was received from Google Assistance.
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Figure 3: Users Command Dashboard

Step 3: We also created a Blynk Account using Google mail account

ariyokazeem23&gmail.com

Xy

Auth Token w.
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Don't show again

Saf/yo/en/pem

Figure 4: Blynk Account Interface



Step 4: Now, we created a new project on the Blynk App

Project Smart-Haome

4
New Project

£,
Community

Figure 5: Final load interface with the created ON/OFF Button



Step 5: Running the control code on Arduino Interface, connecting Gmail Account with our
NodeMCU Module

& NodeMCU | Arduino 138 - X
File Edit Sketch Tools Help

NodeMCU §

#include <ESPE26EWLFi.ho
#include <BlynkSimpleFspeZes.h>

/¢ You should get Auth Token in the Blynk App.
// Go to the Project Settings (nut icon).
char auth[] = "u3mhpREvqwh2f4vTsmIBAESSETZZGASE™;

// Your WiFi credentials.
// set password to "
char ssid[] = "Kavie

3asend; N

for open networks.

void setup()

{
/1 Debug console
Serial.begin(9600);

Blynk.begin(auch, ssid, pass);
/7 You can also specify server:
//Blynk.begin(auth, 33id, pass, "blynk-cloud.com”, 80);
//Blynk.begin(auth, ssid, pass, IPAddress (192,
1

Figure 6: Arduino Programming Interface
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Figure 7:MPLAB Programming Interface



2.3 IMPLEMENTATION OF SMART-HOME AUTOMATION SYSTEM (SHAS)

The Blynk Application was used to control home appliances from a webpage using NodeMCU
ESP8266 and PIC microcontroller. We connected three appliances such as electric bulb, fan and

generator and they were controlled remotely using phone.
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Figure 8: Complete circuit of the smart-home automation system

Figure 9: Inside view of the smart-home automation system



Figure 10: Complete Framework of the smart-home automation system

The circuit consists of microcontroller-the Pic16f877A and The NodeMCU ESP8266
Microcontroller integrate all the essential components of the circuit making it the heart of the
circuit, and were dedicated to perform one task and execute one specific application. They
contain memory, programmable input/output peripherals they were responsible for storing the
data and control the operation of the entire system. Each microcontroller has only one Eusart
input. Using ESP8266 module requires a Eusart input from the microcontroller, this prompt the
used of one separate microcontroller along with the NodeMCU module. The Android device
connected to this module sends command offline through the Blynk app and online through
Google command and then displayed of the LCD screen. The digital logic input pin P0.5 was
toggled from logic 1 or High to logic 0 or Low using the switch SW1. The R1 resistor acted as a
pull-up resistor. It was connected with the logic voltage from the supply source of 5V. So, when
the switch was not being pressed, the logical input pin as always a default voltage of 5V or the
pin is always high until the switch is pressed and the pin is shorted to the ground making its logic
Low. Transistor Q1, Q2, Q3, works as a switch and are responsible for powering up the relay by
supplying a 12V to one terminal of the relay when it is closed. RL1, RL2, and RL3 relay are
electromagnetic switches responsible for controlling the desired load connected to the system
once it is energized by Q1, Q2, and Q3.



3. RESULTS

Table 1: Measurement at various terminals of the smart-home automation system

Circuit Test Test Data Expected Value Measured value
Dc input voltage Voltage 12.0V 12.0V
Regulated DC voltage Voltage 5.0V 4.7V
Transistor 1 base voltage Voltage 0.7V 0.7v
Transistor 2 base voltage Voltage 0.7V 0.65V
Transistor 2 base voltage Voltage 0.7v 0.62V
Max. P1C power Rating Current 700mA 698mA
Maximum power Rating Current 10Amps 10Amps

4. DISCUSSION

Table 1 presents the measurement at various terminals of the smart-home automation system.
The result shows that the expected value and measured value of DC input voltage is the same
either 12V. Differences of 0.3V was recorded between the expected and measured values of
regulated DC voltage. Maximum PIC power rating for expected value is 700mA and 698Ma for
measured value.

5. CONCLUSION
The home automation utilizing the Internet has been designed, constructed and demonstrated to
work attractively by interfacing basic appliances to it and the apparatuses were effectively
controlled remotely through the web. The outlined framework screens the sensor information, as
well as impels a procedure as indicated by the necessity. The device has been effectively outlined

and tried.
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