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Abstract- For the past few years, a lot of work had done to make our homes and buildings more comfortable, smart, and 

energy-efficient. Therefore, several home automation systems have been designed and implemented until now. In this 

submission, a cost-effective, energy-efficient, smart, and module base system has been presented by using Arduino boards, 

nRF24L01 module, GSM module, Ultrasonic sensor, Temperature sensor, Smoke and Flame sensor. In this proposed method, 

a bi-directional counter is designed which is composed of two ultrasonic sensors alongside a temperature sensor for the 

automation purpose which gives more accurate results. Unlike conventional automation systems, this system has also covered 

the protection aspect of the houses. The recommended system is based on the nRF24L01 wireless network which will be easy 

to implement in any environment. This paper also presents the future scope as well as tested and implemented on hardware 

which gave satisfactorily and expected results. 
 

Index Terms—Bi-directional Counter, Home Automation, Home Appliance, nRF24L01, Wireless System 

 

 

I. INTRODUCTION 

Home automation systems are specially designed to save time 

and human efforts [1]. Over the years, intensive work has been 

done in this field to make our lives more comfortable and 

luxurious. The main purpose of making homes automated is to 

reduce labor work and to be more informed about our things 

while we are not at our places. Home automation does not just 

focus on the automation of appliances but also includes security 

as well as protection of our places [2] [3]. To be more precise, the 

home automation system supremely deals with four important 

factors that include automation of appliance, Accessing and 

controlling the system as well as its information, security systems 

with alerts, and protection from any inner malfunctioning. For 

this purpose, many wireless systems have been designed to make 

sure that users have more access to their information and system. 

This has been made possible by technologies like Global System 

for Mobile (GSM) [4], Wireless fidelity (Wi-Fi) [5], Zigbee [6], 

General Packet Radio Service (GPRS) [7], Infrared (IR) [8] and 

Bluetooth [9].  

Saving time and reduction of labor efforts are not the sole 

purpose of home automation systems. As this world is growing 

day by day, the consumption of electricity is also increasing due 

to which the generation demands are intensified. Now, more 

power plants are required to meet these intensive demands which 

result in more environmental pollution. The incentive of this 

paper is to reduce the consumption of electricity by minimizing 

its misuse while designing a low-cost smart home automation 

system.  

The proposed paper hand over the design and implementation 

of a low-cost, smart, efficient, and convenient home automation 

system. Unlike the conventional method of automation in which 

PIR sensors or a single ultrasonic sensor are used to automate 

appliances. In this proposed paper, a bi-directional counter is 

designed by the combination of two ultrasonic sensors along with 

a temperature and LDR. These sensors are attached with an 

Arduino Uno along with a Flame and Gas (MQ2) sensor. These 

Arduino Uno are connected with Arduino Mega by Nrf24L01 

while Arduino Mega is connected with GSM and LCD module 

which will be the main controller. The proposed system is low-

cost and more convenient than a conventional home automation 

System. The total implementation cost for this proposed system is 

to be less than PKR 10000 or USD 60 in which the cost of an 

android is not added. Now if we compare the proposed 

technology with the conventional systems the proposed method is 

a cost-effective system. 

 

II.  LITERATURE EXPLORATION 

Over the years, many home automation systems have been 

designed and implemented. As in this paper [10], a network of 

PIR sensors is laid in a single room which is named as an 

individual cell and these cells are connected to a home server. The 

mesh of PIR sensors is used to track the location of a person 

moving in that room which then automates the appliances of that 

room. This system offers satisfactory accuracy but a mesh of 

sensors makes this system more complicated. Furthermore, the 

mesh depends upon the parameters of a room which makes it 

more difficult and costly. In another study [11], a combination of 
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PIR and PIEZO sensors is used for the automation of appliance 

ESP8266. The study proposed a low-cost system for automation 

but this combination of sensors works for a single person while 

enable to differentiate between multi-person directional 

movements. In this study [12], a Bluetooth-based home 

automation system has been designed to automate the appliances 

as well as it also presents a water level detector with an ultrasonic 

sensor and a soil moisture indicator for automatic plant irrigation. 

Similarly, another system was proposed which uses Raspberry 

Pi and GSM to automate the home appliances. Though the 

presented system was described as a low-cost system still the 

price of Raspberry Pi is much higher as compared to Arduino 

controllers [13] [14]. In another research [15], a GSM-based 

home automation system was presented in which relays are used 

to control the appliances by GSM module integrated with PIC 

microcontroller. This designed system is cost-effective but it does 

not cover all the aspects of automation. 

 A smart gas cylinder was also studied [16] where Arduino 

Uno along with a gas sensor has been used to monitor the gas 

cylinder and checks if there is any leakage. An LCD is also 

connected for an alert indication.  

 

III.  DESIGNED SYSTEM 

The system has been divided into two main parts software and 

hardware. Arduino IDE and Proteus are two main software’s that 

are used while devolving this system. The main hardware parts 

are Arduino Mega, Arduino UNO, MQ-2 Gas sensor, Flame 

Sensor, LM35 Temperature Sensor, GSM Module, Ultra-Sonic 

Sensors, and nRF24L01. The system is designed in such a way 

that it can be easily installed at a low cost. The proposed system is 

energy efficient while making the designing a simple, reliable, 

and compact system. 

 

IV. SYSTEM WORKING MECHANISM AND 

ARCHITECTURE 

The proposed system hardware is divided into two parts. In the 

first part, an Arduino board is connected with the combination of 

two Ultra-Sonic Sensors which formed a bi-directional counter, 

MQ-2 Gas sensor, LM35 Temperature Sensor, Flame Sensor, 

Relay board, LDR, and nRF24L01.Each room will be configured 

with this formation which will form a single Unit. The bi-

directional counter is used for detecting a person's movement. 

Unlike conventional methods, it is used to detect multi-persons 

directional movements. The counter will be placed at the entrance 

of each room. In Fig. 1 block diagram of the first portion is 

presented which is named as a Unit. 

 In the second portion, another Arduino board is connected 

with the GSM module, LCD module, and nRF24L01. The LCD 

will display the alerts and current temperature. Through GSM the 

whole system can be monitored, controlled as well as get the 

alerts in case of any emergency. Each Unit will be connected 

through nRF24L01 to the main Arduino. A single nRF24L01 can 

connect to six other units but this limit is breakable by creating an 

interconnected mesh of nRF24L01.In Fig. 2 block diagram of the 

second portion is presented.  

This System also considered the protection aspect of a home 

therefore each unit is equipped with a gas and a flame sensor 

which will give a more precise location of any emergency and can 

be dealt with more caution. This proposed system is capable of 

describing a particular location that will be affected by any kind 

of gas leakage. 

 

FIGURE 1.  Block Diagram of first portion named as Unit. 

 

FIGURE 2.  Block Diagram of the second portion. 
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A. ARDUINO UNO 

Arduino UNO is mostly used as a board as compared to other 

boards. It is preferred by most of the users because its cost is 

reasonable as well as it is well-balanced with a sufficient number 

of digital and analog pins. But it has its limitation as it offers only 

14 digital and 6 analog pins which in some applications does not 

fulfill the requirements. It is an open-source board that has an 

ATmega328P Processor and all the supportive hardware. It has 

2KB SRAM, 32 KB flash memory, and 1 KB EEPROM. 

B. ULTRASONIC SENSOR 

The ultrasonic sensor consists of two main parts. One is a 

transmitter that will send the sound wave and the other one is a 

receiver that will receive the sound wave after it bounces back 

from any object. In this suggested system, a combination of two 

ultrasonic sensors is used to form a Bi-directional counter which 

will sense and automate the appliances within any Unit. This Bi-

directional counter is the initiator part of any Unit. In Fig.3 Flow 

chart of the Unit is presented which shows its automation part. 

 

             FIGURE 3.  Flow Chart of a Unit. 

 

C. NRF24L01 

nRF24L01 was manufactured by Nordic Semiconductor ASA. It 

is a transceiver that works in a 2.4-2.5 GHz bandwidth 

worldwide. Its operating voltage is in the 1.9V-3.6V range. 

NRF24L01 has various applications as it provides reliable 

wireless communication. It provides 1 Mbps to 2Mbps data rate 

in the air while it uses a digital interface (SPI) which can speed up 

from 0 to 8 Mbps. In the proposed system, one Unit is connected 

with the main controller but nRF24L01 can communicate actively 

with six other nRF24L01. In this presented method, nRF24L01 is 

interfaced with Arduino. So, in a designed system six Units can 

be connected with the main controller through nRF24L01 because 

a single nRF24L01 can connect to six nodes actively as shown in 

Fig.4. Interfacing nRF24L01 with Arduino makes it easy to use 

the Tree Topology of nRF24L01 by using Arduino Network 

Library. The proposed system is not limited to only six Units. As 

the datasheet suggests [17-21], if required by using Tree 

Topology, one nRF24L01 will set as a base and can have five 

nodes as shown in Fig. 5. Each node can have five nodes again 

with a different address and can go to five-level deep giving a 

total of 3125 nodes. 

 
FIGURE 4.  A single nRF24L01 connected to six nodes. 
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FIGURE 5.  Tree Topology forming nodes. 

D. GSM MODULE 

In this hardware implementation, the SIM 800c GSM module is 

used as shown in Fig.6. This shield is specially designed to be 

compatible with Arduino boards. GSM module is used to get 

alerts if there is any gas leakage or fire takes place. This proposed 

system is integrated with the main Arduino controller so that it 

can send information of all units via the main controller to cell 

phones. Similarly, it will be able to automate all Unite if required. 

 

FIGURE 6.  SIM 800c GSM Module. 

 

E. GAS SENSOR 

In this presented system an MQ-2 Gas sensor is used. It is a multi-

purpose sensor that can detect Methane, LPG, CO, Alcohol, 

Hydrogen, and Propane. The current consumption of the MQ-2 

sensor is so it cannot be driven through Arduino supply pins 

therefore an additional source is required to drive that sensor. The 

output of this sensor is both analog and digital depending upon 

the application either one can be used. In this proposed system 

digital output is used. 

V. SOFTWARE DESIGNED CIRCUIT 

There is two main software that is being used in this system. 

Proteus is used for circuit designing while Arduino IDE is being 

used for Programming controllers. Fig. 7 shows the designed 

circuit in Proteus. A relay board consists of transistors, resistors, 

led, switch, a four-light bulb which represents the appliance in a 

Unit is designed. These appliances are controlled by Arduino with 

the help of this relay board. 

 

FIGURE 7.  Circuit Designing in Proteus. 

VI. SYSTEM RESULTS 

The hardware is completely tested and showing a satisfactory 

result. Here is the bi-directional counter is shown in Fig.8. This 

combination of ultrasonic sensors is adjusted in such a way that if 

the right-sided sensor detects the motion first then the left-sided, it 

means a person is entering into the room. Now if the left-sided 

sensor detects the motion first then the right-sided, it means a 

person is leaving a room. Using this principle, room appliances 

will be automated until there is no person in the room.  

Similarly, Fig.9 shows the working of complete hardware 

implementation. As soon as a bi-directional counter detects a 

person enters the room, lights will be automated according to 

LDR light detection, and the fan or Ac will be automated 

according to the temperature sensor. The SMS will be sent to the 
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cell phone showing the status of the appliance and alerts due to 

the detection of smoke. 

 

FIGURE 8.  Working of Bi-directional Counter. 

 

FIGURE 9.  Complete hardware implementation. 

VII.  CONCLUSION AND FUTURE WORK 

In this rapidly evolving world, a lot of home automation system 

has been developed. As this field is not very much developed yet, 

therefore many human detection methods used in those systems 

were either complicated or expensive or are too simple to cover 

all the aspects. 

This proposed system of home automation is balanced. It is cost-

effective, easy to install, and covers the protection aspects of the 

homes as well. nRF24L01 network gives a low-cost and reliable 

wireless communication system as compared to some other 

technologies. On the other hand, an Ultrasonic sensor-based Bi-

directional counter solves the problem of multi-person detection 

in home automation systems. 

Since this proposed system is the basic version that considers all 

aspects of home automation in a balanced way but some 

additional tools make it an even more versatile system. First, if we 

connect this system with the Internet of things, the system will be 

more efficient and versatile. Secondly, the security of data 

transfer between the nRF24L01 networks would make the system 

even more reliable. 
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