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Abstract— Internet of Things ( IoT ) is  an emerging  

technology which enables the computing devices , physical 

and virtual objects / devices that is to be connected to the 

internet so that users can easily control and monitor devices 

& objects. The IoT offers huge potential for development of 

various applications namely–Smart Grid Applications (Smart 

Generation, Smart Transmission, Smart Distribution) Smart 

Transformation, Green Data center, Public Security, 

Industrial Control, Smart Home, Agricultural Automation, 

Healthcare Monitoring, Military Applications, Infrastructural 

Management, e-governance, Environmental Monitoring, 

Energy Management  Transport Systems and numerous 

others. In this paper, brief overview of Internet of Things 

(IoT) enabled Automation Systems. The proposed 

automation have been successfully operated and got up to 

mark results of the work based on Arduino and the IoT 

devices like ESP8266 Node MCU, GSM SIM900 , RFID & 

HC-05 Bluetooth and also various sensors like PIR sensor, 

Ultrasonic sensor, LDR sensor, LM35 DZ sensor, DHT11 & 

DHT22 Temperature and Humidity sensor, Soil Moisture 

sensor and also other Industrial sensors. 
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I. INTRODUCTION 

In recent years, The uses of Internet has been grown up 

exponentially and changed human's life by providing the 

great ease of connectivity with anyone anytime, anywhere. 

The Internet technology can be further extended to connect 

the objects & devices that we use in day to day life. This 

expansion of Internet services is called Internet of Things 

(IoT).The term "Internet of Things" was coined by Peter T. 

Lewis in a 1985. In his speech he states that "The Internet of 

Things, or IoT, is the integration of people, processes and 

technology with connectable devices, actuators and sensors 

to enable remote monitoring, status view/manipulation and 

evaluation of trends of such devices" [1].The Internet of 

Things (IoT) is the inter-networking of physical devices, 

vehicles (also "connected devices" and "smart devices") and 

other items embedded with electronics, software, sensors, 

actuators and network connectivity that enable these objects 

to collect and exchange data [2]. Now a days, the 

development of IoT based technology for home automation 

is gaining lot of attention and many researchers are working 

in that direction. 

Internet of Things might appear to be relatively a 

new term, but it came back in the year 1999. The considerable 

survey has been conducted regarding various aspects 

associated with the Internet of Things in last decade [3]. Most 

of these are literature reviews, targeting research challenges, 

applications, and architecture of Internet of Things. Internet 

of Things and its Enabling Technologies, supported IoT 

platforms, are also deliberated. Finally, the work is concluded 

on doing Automation with the help of various IoT devices and 

sensors to generalized the Automation System .The aim of 

this thesis project is to make the IoT accessible to all and open 

issues of research in the field of Internet of Things [4]. Our 

paper would help the beginners to understand the paradigm 

of Internet of Things and also motivate the practitioners to 

further identify the appealing field for future perspectives. 

II. LITERATURE REVIEW 

The Internet of Things (IoT) is the inter-networking of 

physical devices, vehicles (also referred to as connected 

devices and smart devices), buildings, and other items 

embedded with electronics, software, sensors, actuators and 

network connectivity that enable these objects to collect and 

exchange data. Now adays, the development of IoT based 

technology for home automation is gaining lot of attention 

and many researchers are working in that direction. Internet 

of Things is one of the effective paradigms that make the 

user’s life easier to live [3]. After going through a 

comprehensive literature survey, we categorize the 

challenges in the domain of IoT paradigm into three broader 

areas. These are namely Technological Challenges, Societal 

Challenges, and Environmental Challenges. Therefore, we 

need a significant structure for flawless usefulness. Technical 

issues of IoT incorporate Energy, Wireless correspondence, 

Scalability, Security and so on.   

 Arduino UNO 

The Arduino Uno is a complete microcontroller board which 

is based on the ATmega328 IC. Arduino UNO has 14 digital 

input/output pins (6 of which can be used as PWM outputs), 

6 pins are for analog inputs. It has a 16 MHz crystal oscillator, 

It also has a USB connection, a power jack is also there in the 

circuit, there is an ICSP header, and a reset button. It contains 

about everything needed to support the microcontroller. 

Simply connect it to the computer with a USB cable. The 

Arduino gets power with a AC to DC Adapter or Battery to 

get started. The Arduino Uno is differ from all preceding 

boards in the arduino segments, because of that they do not 

use the FTDI USB to Serial driver chip. Instead, Arduino 

UNO features the Atmega8U2 IC is also programmed as a 

USB to serial converter. Uno means One in Italian and is 

named to mark the upcoming release of Arduino 1.0 ie 

Arduino UNO. The Arduino UNO also the great control over 

USB Over current Protection[6]. The Arduino Uno has a 

good resettable poly fuse that protects our computer's USB 

ports from short-circuit and over current. 
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Fig. 1: The detailed pin description of Arduino UNO 

 Node MCU ESP8266 

The ESP8266NodeMCU is the most useful and dynamic Wifi 

module which gives the better connectivity with the devices 

by the virtue of which Automation becomes easier. ESP8266 

Node MCU is very highly integrated SoC which encapsulates 

Trans-silica LX106 core processor, RAM, RF components 

and allow WiFi TCP/IP stack to be implemented on board 

with just few components beside ESP8266 Node MCU. The 

chipset also incorporates built-in self-calibration to 

compensate the for performance and errors, By improving the 

modulation accuracy and also the stability of wireless 

communications. High integration level of this chipset has 

tremendously decreases the number of components used in 

peripheral circuit design. Beside ESP8266 Node MCU has 

only a number of less than 10 resistors and capacitors, a 

crystal oscillator, and a SPI Flash is needed to make a 

complete module with wireless communication capability 

[23]. The operational range of ESP8266 is unlimited, because 

it is connected through internet via wifi. A detailed 

description of ESP8266 Node MCU schematics and layout 

design are illustrated here. It has also the Bluetooth 

Connectivity with the various IoT devices and ESP8266 

Node MCU has a great operational flexibility. 

 
Fig. 2: The pin description of ESP8266 NodeMCU Module 

 GSM/GPRS SIM900 Modem 

This GSM Sim900 modem directly receives/ transmits 

commands from/to PC/Laptop. This GSM/GPRS Modem-

RS232 is built with Dual Band GSM/GPRS engine- 

SIM900A, works on frequencies 900/ 1800 M Hz. The 

Modem is coming with RS232 interface, which allows you 

connect PC as well as microcontroller with RS232 Chip 

(MAX232). The baud rate is configurable from 9600-115200 

through AT command. The GSM/GPRS Modem is having 

internal TCP/IP stack to enable you to connect with internet 

via GPRS. It is suitable for SMS, Voice as well as DATA 

transfer application in M2M interface. The onboard 

Regulated Power supply allows us to connect wide range 

unregulated power supply. Using this modem, we can make 

audio calls, SMS, Read SMS, attend the incoming calls and 

internet act through simple AT commands and also connect 

this GSM/GPRS modem with various Mobile applications for 

controlling the IoT devices[7][8]. 

The GSM modem can be tested by connecting it 

with a PC. The modem is equipped with a RS232 cable. Just 

use a Serial to USB converter and connect it with the PC. 

Now we can proceed with sending the commands to the 

modem using any serial communication program like Hyper 

terminal, mini com etc. Ensure the serial parameters are 

configured to 8N1 and the baud rate is set to 9600bps.For 

each command you send the modem acknowledges with a 

message. Example: Just try sending "AT" to the modem. It 

sends back a result code. "OK" which states that the modem 

is responding. If it’s not working fine, it sends 

"ERROR"[8][9]. Now here, we are providing a list of some 

important AT commands which is most useful while working 

with the GSM Module. These AT commands will be entered 

in the Serial Monitor of the Arduino IDE.  They are as 

Follows: 

1) AT – It is for testing GSM modem, whether it is activated 

or not. 

2) AT+CMGF=1 – It will turn on the Massage Mode of the 

GSM modem. 

3) AT+CMGS=”+918085077122” – Enter the Mobile 

Number on which we have to send massage. Then write 

the massage content HELLO  #  Enter ( or Ctrl+Z ) 

4) ATD8085077122; - For calling any Mobile Number. 

5) ATH – For disconnecting the call from GSM modem. 

6) ATDL – It will Call on the last dialed Mobile Number. 

7) AT+COPS=? – To know the sim operators nearby 

location ie, Networks Available. 

8) AT+COPS? – It shows your Network operator Name. 

 
Fig. 3: Circuit Diagram of GSM Sim900 with Arduino UNO 
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Fig. 4: Interfacing of Arduino UNO with GSM SIM900 

Module 

Unlike mobile phones, a GSM modem doesn’t have 

a keypad and display to interact with. It just accepts certain 

commands through a serial interface and acknowledges for 

those. These commands are called as AT commands. There 

are list of AT commands to instruct the modem to perform its 

functions. Every command starts with "AT". That’s why they 

are called as AT commands. AT stands for attention.  In this 

project, the program waits for the mobile number to be 

entered through the keyboard. When a ten digit mobile 

number is provided, the program instructs the modem to send 

the text message using a sequence of AT commands [10].  

 
Fig. 5: The connectivity of GSM Sim900 is shown in the 

Serial Monitor. 

GSM SIM900 receives the signal through the Sim 

card inserted in it. The operator sends massage to that 

particular Sim number that is inserted in the GSM/GPRS 

Sim900 modem. The received signal is transmitted to the 

Arduino UNO. In addition the serial monitor of Arduino IDE 

displays the real time status of SMS sent from a mobile phone 

to the GSM/GPRS Sim900 modem [11].  

 HC-05 Bluetooth Module 

The HC-05 Bluetooth module is a low-power medium range 

wireless communication which was designed and developed 

by the Bluetooth Special Interest Group. When it is compared 

with the conventional one, The BLE uses comparatively less 

power. The HC-05 module is an simplest and easy to use 

Bluetooth SPP (Serial Port Protocol) Module. It is designed 

for transparent wireless serial connection setup. The Serial 

port Bluetooth module is fully qualified Bluetooth 

V2.0+EDR (Enhanced Data Rate) of 3Mbps Modulation with 

complete 2.4GHz Radio Transceiver and Baseband. 

 
Fig. 6: The Circuit Diagram of HC-05 with Arduino UNO 

 RFID Module  

The Radio Frequency Identification (MF RC522)  is a highly 

Integrated transmission module for the contactless 

communication at 13.56 MHz. The RFID Module supports 

ISO 14443A/MIF ARE mode. RFID transmission module 

utilizes an outstanding modulation and demodulation concept 

completely integrated for different kinds of contactless 

communication methods and protocols at 13.56 MHz. This 

RF reader uses SPI to communicate with the microcontroller 

such as Arduino UNO and also its other boards. The RFID 

(MF RC522) supports MIFARE series of high-speed non-

contact communication. Here the two way data transmission 

rate is up to 424 kbit/s. It is operated on the Low-voltage, low-

cost, small size of the non-contact card chip to read and write 

[7]. 

 
Fig. 7: The Circuit Diagram of RFID RC522 with Arduino 

UNO 

 
Fig. 8: The Breadboard connection of  RFID Module and 

Arduino UNO 

 4X4 Keypad Password based Automation 

This is the sub part of our project in which we have done the 

automation system by operating the servo motor using 4x4 

keypad, which gives extra strength to project. By utilizing this 

project, we can use the sevro motor in various work aspects. 

For example – In this project, we have successfully 

implemented the 4x4 Keypad in the Door Security System. 

The Circuit diagram of this project is given below in the 

Figure. Here in this project we have also used the toggle 

switch manually operate the door from the inner side [6]. So 
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we hope, this will be very beneficiary for making Door 

Security System.  

 
Fig. 9: The circuit diagram of Keypad & Servo Motor with 

Arduino UNO 

 Ultrasonic Sensor  

The Ultrasonic sensor uses sound to determine the distance 

between the sensor and the closest object in its path. Now here 

arise an important question that How do an Ultrasonic sensor 

do this? As we all know that Ultrasonic sensors are essentially 

sound Sensor, But it is operate at a frequency above human 

hearing. Here in our project of Automation based on Arduino 

UNO is successfully implemented and the setup of project is 

shown in figure 11. The sensor sends out a sound wave at a 

specific frequency. It then listens for that specific sound wave 

to bounce off of an object and come back. The sensor keeps 

track of the time between sending the sound wave and also 

the sound wave returning [7]. Let’s see, how fast something 

is going and how long it is travelling for the entire scenario. 

we can find the distance travelled with the given equation.                              

Equation   d = v × t 

 
Fig. 10: The Circuit Diagram of Ultrasonic Sensor with 

Arduino UNO 

 
Fig. 11: The Breadboard connection of Ultrasonic sensor 

and Arduino UNO  

 LM35 DZ Sensor  

The LM35 Temperature Sensor may be an exactitude 

precision IC temperature sensor with its electrical output 

proportional to the temperature. All work done into the little 

package with 3 leads. One of its lead named as Vcc is 

connected to (5-20 volts) power supply and another lead 

GND is connected to the ground and one more lead Vout is 

connected to the Analog pin of Arduino UNO which feds the 

temperature sensor output [8]. The LM35 is precision 

integrated-circuit temperature sensor, whose output voltage is 

linearly proportional to the Celsius (Centigrade) temperature. 

The LM35 thus has an advantage over linear temperature 

sensors calibrated in ˚ Kelvin, as the user is not required to 

subtract a large constant voltage from its output to obtain 

convenient Centigrade scaling. The LM35 does not require 

any external calibration or trimming to provide typical 

accuracies of ±1⁄4˚C at room temperature and ±3⁄4˚C over a 

full −55 to +150˚C temperature range. Low cost is assured by 

trimming and calibration at the wafer level. The LM35 has 

low output impedance, linear output, and precise inherent 

Calibration make interfacing to readout or control circuitry 

especially easy. It can be used with single power supplies, or 

with plus and minus supplies. As it draws only 60 µA from 

its supply, it has very low self-heating, less than 0.1˚C in still 

air. 

 
Fig. 12: The pin description of LM35 Temperature Sensor 

 
Fig. 13: The Circuit diagram of LM35 Sensor with Arduino 

UNO 

 Passive Infrared Sensor 

Passive infrared (PIR) sensors are the well-known occupancy 

detectors. They have been widely employed for human 

tracking systems, due to their low cost and power 

consumption, small form factor and unobtrusive and privacy-

preserving interaction. In particular, a dense array of PIR 

sensors having digital output and the modulated visibility of 

Fresnel lenses can provide capabilities for tracking human 

motion, identifying walking subject and counting people 

entering or leaving the entrance of a room or building. 

However, the analogue output signal of PIR sensors involves 

more aspects beyond simple people presence, including the 

distance of the body from the PIR sensor, the velocity of the 

movement (direction and speed), body shape and gait. Thus, 

we can leverage discriminative features of the analog output 

signal of PIR sensors in order to develop various applications 

for indoor human tracking and localization. It is an associate 

electronic detector that is employed for motion detection. 

Human body generates a infrared heat which is picked up by 

the motion sensor and outputs a 5V signal for a period of one 
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minute to the Arduino UNO through Analog pins and the 

alarm triggers and message need to be displayed [8]. PIR 

sensors are commonly used with a variety of sensors in 

diverse applications for building smart environments, such as 

healthcare, smart energy system and security.  

 
Fig. 14: The Circuit Diagram of PIR Sensor with Arduino 

UNO 

 
Fig. 15: The PIR Sensor interfacing with Arduino UNO 

 LDR Sensor  

A photo resistor or Light Dependent Resistor or CdS 

(Cadmium Sulphide) Cell is a resistor whose resistance 

decreases with increasing incident light intensity. LDR is 

interfaced to Arduino UNO through DIGITAL pin to read the 

light data value[8].We have successfully implemented the 

lightning system by the help of LDR Sensor which provides 

the better operating mechanism. Two cadmium sulphide (cds) 

photoconductive cells with spectral responses similar to that 

of the human eye. The cell resistance falls with increasing 

light intensity. Applications include automatic lighting 

control, batch counting and burglar alarm systems. The 

sensitivity of a photo detector is the relationship between the 

light falling on the device and the resulting output signal. In 

the case of a photocell, one is dealing with the relationship 

between the incident light and the corresponding resistance 

of the cell.  

 
Fig. 16: The Circuit Diagram of LDR Sensor with Arduino 

UNO 

Fig. 17: The Breadboard set up of LDR Sensor and Arduino 

UNO 

 DHT11 Temperature and Humidity 

The DHT11 and DHT 22 Sensor is the mostly used sensor for 

sensing the Temperature and Humidity. This sensor has a 

NTC to measure temperature and also 8 bit microcontroller 

to output the values of temperature and Humidity as Serial 

Data. It can measure temperature from 0 to 50 ‘C and also 

Humidity range from 20% to 90% with an accuracy of +- 1 

‘C and 1%.Therefore these are the best sensors we should 

take, while working for Temperature and Humidity. In this 

Project, we are interfacing these sensors with Arduino. The 

Circuit diagram of this project is given below in the Fig. 18 

The DHT11 & DHT22 Sensor have 4 pins out of which only 

three pins will be in use. The slightly difference between the 

DHT11 & DHT22 Sensor are in Operating Temperature 

Range, Humidity Range and also in sampling rate[7].  

Fig. 18: The Circuit Diagram of DHT11 Sensor with 

Arduino UNO 

 Soil Moisture Sensor  

The Soil Moisture Sensor can easily measures the volumetric 

water content present in the soil. The sensor does this 

operation by measuring electrical resistance, dielectric 

constant or interaction with the neutrons. This sensor is more 

important for the Agricultural Applications for helping the 

farmers in their Irrigation system. After using the Soil 

Moisture Sensor, the farmers can easily know the exact soil 

moisture condition of their fields, and by using this Sensor 

they can also able increase yields and the quality of the crop 

by improved management of soil moisture during the critical 

plant growth stages. There are some other fields where this 

sensor can easily be implemented Golf Courses, Home 

Gardens, Various play grounds. Therefore this Sensor is 

going make the agricultural things easy. The Figure: 19 

shows the Circuit diagram of the Arduino UNO with Soil 

Moisture Sensor [7]. 
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Fig. 19: The Circuit Diagram of Soil Moisture Sensor with 

Arduino UNO 

III. RESULTS  

The main objective and scope of doing this project is to 

practically perform Internet of Things (IoT) based 

Automation Systems using the cut above the rest technology 

of IoT on Arduino UNO platform. After going through the 

detailed working analysis of the IoT devices and IoT sensors. 

We have successfully implemented the various IoT devices 

in Automation Systems, which has a wide range of 

application. The IOT devices like Node MCU ESP8266, 

GSM Sim900 modem, HC-05 Bluetooth Module, Radio 

Frequency Identification (RFID) and Keypad based Security 

Systems etc,  also various IoT sensors like Ultrasonic sensor, 

PIR Sensor, LM35 sensor, LDR sensor, DHT11 & DHT22 

Temperature and Humidity Sensor, Soil Moisture Sensor etc 

have successfully covered up in this project. While these IoT 

devices and IoT sensors have large number of applications 

and we have operated these devices and sensors general 

operations that will be further used in mostly every field of 

Internet of Things (IoT) Automations, Therefore we cannot 

bound by naming them as some applications, Because these 

devices and sensors have wide range of Applications. In this 

Chapter, we have done some Automation systems for the 

illustration purpose. So we are mentioning some results of the 

Automation systems, in which we are providing the screen 

shorts of the Programming codes, different results shown on 

the Arduino IDE serial Monitor, the graphical representation 

of sensor of the project, the connectivity of the various IoT 

devices is also given in the screen shorts and the photographs 

of the various working IoT projects.  

IV. FUTURE SCOPE 

In this project, we have successfully operated the Internet of 

Things (IoT) devices and sensors in various fields of 

automation system. So our future scope of doing automation 

by using the latest upcoming IoT devices and sensors. We 

will also work for Smart Power generation, Smart 

Transmission System, Smart Power Distribution System, 

Smart Power Monitoring. We will work with the various 

sensors which will be used in Smart Grid System and the 

sensors which will be used in Heavy Industries. Our work will 

provide a comprehensive reference source for the researchers 

involved in the field of Internet of Things. 

V. CONCLUSION 

After going through a comprehensive study, we reached with 

an outcome of a wide range of platforms, enabling 

technologies, associated research projects, and immense 

extent of application domains of IoT. It is quite obvious to 

accept the inclination of the world towards the 

implementation of IoT in every field. It is also evident that 

the paradigm of  IoT will make its own way into the 

marketplace over the coming years. Hence IoT and its 

efficient implementation require a direct attention towards 

research. Moreover, the world looks forward to an ample 

amount of investment to be made in research and 

development towards the solutions and technologies 

supporting IoT. These solutions are definitely intended to 

make our life a smart life and therefore our world a smarter 

world. This paper mainly elaborates the IoT, its components, 

its correlation with other paradigms, enabling technologies, 

platforms, some solutions given by distinguished researchers. 

This paper, therefore, provides a comprehensive reference 

source for the researchers involved in the field of Internet of 

Things. In this paper we have successfully implemented the 

various IoT technologies and operated them by their 

Programming codes. Our paper would help the beginners to 

understand the paradigm of Internet of Things and also 

motivate the practitioners to further identify the appealing 

field for future perspectives. 
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