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II 
 

Abstract 

 

Due to day-by-day increase in the cost of energy, it has become a need of every 

individual to efficiently consume energy. This project presents a detailed description 

of how to save and better utilize energy and make tasks easier by using Internet of 

things (IoT). All the office appliances are automated to avoid waste of power due to 

human behavior. If a person is not present in a room, all appliances such as fan, air 

conditioner and heater should be turned off to save energy. In this thesis, if a person 

enters in a room, the lights turns on automatically by use of IoT paradigm. In the 

presence of a person in a room, the air conditioner or heater must be managed 

automatically. The light and exhaust fan of washroom is turned on automatically 

when a person is using the facility, and light is immediately switched off when not in 

use. The exhaust fan of the washroom remains on for two minutes after the person 

exits and then it turns off automatically. In order to keep the record of all the power 

consumption at a facility, a current sensor is used that measures current 

consumption and a log is created in the database. The user can access the usage 

statistics through a web application. In order to keep user aware of the presence of 

harmful gases or smoke in case of a fire, a toxic gas sensor is also used that is 

connected to an alarm. The users are notified and are kept aware, through a web 

application, while the logs from sensor data are created in a database. A web 

application is also used to control appliances by analyzing data from different type of 

sensors while keeping in view the user settings.  
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Chapter 1  

Introduction 

Now a days, energy saving is one of the most important issues because energy is 

being expensive. Often people forget to turn off appliances when these appliances 

are not in use. In this project, office appliances are automated to avoid wastage of 

energy due to carelessness of human beings. Each of office appliances is automated 

by use of a network of microcontrollers and sensors. Lights, Air conditioner or heater 

and water pump are automatically controlled by the use of IoT to save power. 

1.1 Internet of Things (IoT) 

IoT is a platform that connects people and devices through Internet. Now a day’s IoT 

is being popular rapidly with the technological evolution the principal purpose of IoT 

is to govern and control gadgets around with an extra highbrow and correct manner 

and to improve the human life style with cost effective living including safety, 

security and compatibility. 

One of the most capable platforms used in IoT is Raspberry Pi, which is a mini 

computer that makes complex and heavy networks easier by using minimal extras. 

Raspberry Pi provides a Linux server in a tiny package with a very low cost. All 

different microcontrollers and sensors may be without problems related to the 

Raspberry Pi through any access point.  

In many IoT applications, the Smart office plays a vital role in building a smart town. 

Smart office may be used for remote monitoring and controlling electric office 

equipment in the office using smart and intelligent bodily infrastructure. In “Smart 

office” the word “smart” means context aware, this will be made by the use of 

Information and Communication Technology (ICT) and IoT and how IoT can be used 

for smart office automation using microcontrollers, Raspberry Pi, NodeMCU (8266) 

boards and web applications. 
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1.2 Background 

A developing paradigm in computing is the Internet of Things. In IoT items or devices 

are connected to the Internet that could collect, process, and share information. 

These also are known as related devices or smart devices. 

 

Fig. 1.2 Smart office internets of Things 

Most people already carry around an IoT tool with them such a smart telephone. 

Now many other linked gadgets have become available to customers, businesses, 

and towns, wearable gadgets voice-activated speakers that function as digital 

assistant, smart thermostats that discover ways to keep private office comfortable 

even as additionally saving strength, smart streetlights that routinely brighten or dim 

based on what number of pedestrians or vehicles are close by, etc. 

1.3 Applications 

1.3.1 Transportation: 

 Our lives run on transportation. IoT can play important role in transportation for our 

ease. Incorporation of IoT in transportation may be as small scale (an automobile to 



 

 

 3 

individual communicate e.g. next station is Faizabad) and as large scale as 

monitoring delivery logistics of a global organization. 

1.3.2 Environmental monitoring: 

IoT can be used in environmental monitoring. Sensors are used to assist 

environmental protection by monitoring atmosphere situations e.g. monitoring   

movement of wild life and their habits. 

1.3.3 Medical and health care: 

IoT gadgets may be used to enable fitness monitoring and emergency notification 

machine e.g. smart beds that can be detected when they're occupied and whilst 

affected person is making an attempt to arise. 

1.3.4 Smart city: 

IoT technology can be utilized in water distribution and traffic management to waste 

management and environmental tracking. It attempts to put off the pain and 

problems in city existence. 

1.3.5 Energy engagement: 

IoT may be used in smart grids to gather statistics routinely and analyze the ratio of 

strength consumers and suppliers for improving performance. Smart Grids may also 

be capable of come across resources of strength at character household levels like 

sun panel and many others. 

1.3.6 Wearable’s devices: 

IoT can be used in wearable devices. Sensors and Software are used in Wearable 

devices, which fetch data about its user. These wearable devices keep a track of 

health and fitness of its user. For example, smart watch, fit bit charger etc.  

1.3.7 Connected cars: 

IoT is playing an important role in connected automobile technology. It is helping to 

avoid the accidents by vehicle to vehicle communication, cameras and radars are 

used for this purpose and by using IoT we can check vacant parking. 
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1.3.8 Smart office automation: 

In IoT our major focus is office automation.  It will be beneficial for security of Office, 

saving energy, saving of time and not a single task will be missed in busy life. It is 

reliable and easy to control. Office automation is for comfort and peace of mind. The 

whole system consists of sensors, microcontrollers, networking hardware/chipsets, 

microprocessors, embedded systems and the Internet. Constant monitoring and 

ordinary notifications, it additionally helps with office maintenance. 

1.4 Issues of IoT  

IoT is a huge platform and there are a lot of technological challenges of great 

importance. IoT has issues due to day by day increasing technology, a few of which 

are discussed here. 

1.4.1 Connectivity: 

Connecting multiple devices to some common node is not going to be an easy task. 

As far as IoT has not prevailed the market yet, but it is going to be greatest demand 

ever, soon in a few years. So the devices would increase tremendously and to 

incorporate a centralized system for different nodes would be a challenge. But these 

challenges can be met by emerging IoT technologies. Need connectivity 24/7 for IoT 

that has larger heterogeneous of devices 

1.4.2 Security: 

Security is one of the most important concerns of IoT because hacking is too 

common in today’s world. So many major steps in higher security measurements are 

required to make network more secure and build confidence in the end users 

regarding to safety of their personal information. 

1.4.3 Compatibility: 

IoT is growing in many different areas and some of technologies are being used 

today might be obsolete in next few years. It might create problems to deploy 

compatible devices with change in technology over years. 
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Chapter 2 

Design and Working 

2.1 Design 

The system is made up of sensors, microcontrollers, networking hardware/chipsets, 

microprocessors, embedded systems and the Internet. The goal is to provide 

connectivity and data mining capabilities that uses Internet and online server to 

process data and make intelligent decisions for the end users. The principal of the 

system is based on artificial intelligence algorithm, which performs all the 

computations and communicates with distributed processing units installed at 

various locations in the buildings. The choice of sensor plays a crucial role in the 

performance of system. In addition to quality of the sensors, the calibration is 

carefully managed by the software in order to reduce errors. The Wi-Fi technologies 

are used for easy integration with the existing hand held devices and computers. In 

order to make the system well grounded, it is ensured that the connectivity between 

the sensors and the computing devices is maintained with very low down time. 

 

 

Fig. 2.1 Smart Office 



 

 

 6 

2.2 Working 

Fig. 2.1 shows the complete lay out of the project. Clients mentioned in the Fig. 2.1 

are the microcontrollers (NodeMCU ESP8266). Each of the microcontrollers is fixed 

in different places. Client 1 is placed in room. Three sensors, infrared, current and 

temperature sensor, are connected to client 1 to control the appliances of room. 

Infrared sensor is fixed at door and it is detecting the motion whenever a person enters 

the room. Its purpose is to count the number of persons present in the room. If person 

is present in the room then the light, connected to a relay through NodeMCU is ON. If 

a user wants the light to remain OFF even when a human is in the room then a button 

of light in the web application must be set to OFF by the user otherwise light will get 

ON or OFF automatically according to the human presence. A temperature sensor is 

also connected to the client 1 and it is sensing the temperature of the room according 

to which a fan, AC or a heater is ON or OFF by the microcontroller. AC or heater are 

ON if a human is present in the room and the temperature of the room is greater than a 

threshold set by the user on web application. A current sensor is connected to client 1 

and measures the power consumed by all appliances of office and updates 

consumption of current to web application.    

Client 2 is placed in washroom. Only IR sensor is connected to client 2. IR sensor is 

placed at washroom door. It is detecting the presence of a person in the washroom. If 

presence of a person is detected by sensor then light and exhaust of the washroom are 

ON. When the person exits the washroom light is OFF immediately and exhaust is 

OFF after two minutes. 

Client 3 is placed in lounge. Toxic gas sensor (Mq9) and an alarm is connected to 

client 3. Sensor is sensing the toxic fumes in office. Alarm is ON when the toxic 

fumes are detected in office and notification is generated on web application         

All the three clients and a raspberry Pi (broker) are connected to router. Router is 

assigning dynamic IP addresses to clients and raspberry Pi. Router is used for creating 

communication network between all devices. Broker is used for exchanging the data 

between all clients and database. Web application is a user interface. This application 

is connected to database. Web application has all the information about the sensors 

data and all the thresholds are set by user using web applications. 
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Chapter 3 

Components  

3.1 DHT 11 

 The DHT11 sensor consists of an element for measurement of humidity that is 

resistive and has a Negative Temperature Coefficient (NTC) temperature 

measuring factor and an eight-bit microcontroller for high performance, and offers 

an output signal with a calibration.  It has highly reliable and feasible long-term 

stability. 

DHT11 specs: 

 Consumption: 0.3mA  

 Range of temperature: 0- 50°C 

  Accuracy: ±1%, ±1°C  

Table 3.1 Pin configuration: 

1 Vcc 3.5 to 5.5V 

2 Data Outputs both temperature and humidity 

3 Ground Connected to the ground 

 

 

Fig. 3.1 DHT11  
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Role of DHT 11: 

It is connected to a NodeMCU 8266 microcontroller. It senses the temperature of a 

room; microcontroller receives this data, sends to the Raspberry Pi, through MQTT 

protocol which is the centralized broker. Microcontroller checks whether to ON or 

OFF the relative electronic appliances and updates current status to the database. 

This database is accessible by the end user through a Web page. A user can set a 

specific level of temperature over that an appliance needs to be automated with the 

help of a web application.  

Fig. 3.2 shows the working of DHT11 in this project. The temperature measured by 

the sensor seen on serial monitor of Arduino IDE is shown in Fig. 3.3. 

 

 

Fig. 3.2 Flow chart for temperature sensor  



 

 

 9 

 

Fig. 3.3 Results by temperature sensor 

3.2 MQ 9 

It is used for sensing carbon monoxide and flammable gases. It detects the carbon 

monoxide density from 10ppm to 1000ppm and density of flammable gases from 

100ppm to 10000ppm. It has an internal heater that starts heating up if a 5V voltage 

is applied. Its internal resistance changes as the density of the gases changes. The 

value of the internal resistance is measured through a simple circuit. 

For accuracy MQ 9 is pre-heated about 24-48 hours. For this purpose, it is connected 

to the power supply and it is left for the required time until it gets ready. Before 

using this sensor, calibration is necessary. The values are based on ratio of the 

resistances. The ratio is of Ro (resistance of sensor in 1000ppm concentration of 

liquid petroleum gas) and Rs (internal resistance changes by concentration of gas). 

Table 3.2 Pin configuration: 

Vcc 5V  

GND Connected to the ground 

Ao Outputs analog  

Do Digital output 
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Fig. 3.4 Mq9 

 

Role of toxic gas sensor: 

Mq9 is connected to NodeMCU and it senses the flammable gases. If any flammable 

gasoline is present over a detailed threshold an alarm related to microcontroller 

might be set on and standing can be updated at the web page to hold the give up 

user updated. 

Flow chart in Fig. 3.4 shows the complete working of the sensor in project. 

Fig. 3.5 shows the result obtained on serial monitor by the toxic gas sensor. 

 

Fig. 3.5 Flow chart for toxic gas sensor 
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Fig. 3.6 Results by toxic gas sensor 

 

3.3 Current Sensor acs712 

 To sense and control the flow of current is one of basic requirement in many 

applications such as over-modern-day protection circuits, battery chargers, switching 

mode electricity materials, digital potentiometers and programmable modern 

source. This module is used to stumble on and sense each AC and DC currents. A 

maximum of 30A of AC or DC current can be detected through this module and 

signal can be detected through analog input output pin. Current sensor for 5A and 

20A are also available. 

Table 3.3 Pin configuration: 

Vcc Input voltage 

Out Output voltage  

GND Ground  
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Fig. 3.7 Current Sensor 

 

Table 3.4 Pin configuration: 

Vcc 5V input 

Output current range  ±30(A) 

Output voltage Half of Vcc 

Scale Factor 66 mV/A 

 

Role of Current Sensor acs712: 

It is connected to the NodeMCU. All the current to appliances passes through the 

sensor. Sensor measures this current. NodeMCU reads the measured data from 

sensor and sends this to Raspberry Pi via mosquito broker. Raspberry Pi sends this 

data to the database from where it is sent to web app. User is updated through web 

page about current consumption records. Current sensor measures the current in 

milli Amperes. 

3.4 Infrared sensor (motion sensor)  

Infrared (IR) sensor is used in automation of appliances and for security purpose. IR 

sensor detects the motion but it cannot identify the thing that moved. 

Feature: 

It has low noise. It has high sensitivity and delay time is adjustable. It has standard 

Transistor-Transistor logic (TTL) output 
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Table 3.5 specifications of IR Sensor:  

Pins  Function 

Vcc Connect to 3 volts 

GND Connect to ground 

So Connect the output to LED 

For wiring with ESP8266 it requires to connect three pins Vcc, GND and output signal 

so it simply can be used for turn lights ON or OFF. When connectivity is completed 

then IR sensor will take 30s-60s to stabilize. 

  

   

Fig. 3.8 IR sensor 

 

 

Fig. 3.9 Flow chart for IR sensor 
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Role of IR Sensor: 

IR sensor is connected to NodeMCUESP8266, IR senses the motion   and then sends the data 

to NodeMCU module, and NodeMCU sends data to Raspberry Pi through MQTT protocol, 

which is centralized broker.  Microcontroller checks whether to ON or OFF the relative 

electronic appliances and updates current status to the database, this database is accessible 

by the end user through web application. User can also   control the electric appliances 

through web application. If user is present in room but does not want to turn light on so 

light will be off through web application. 
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Chapter 4 

Microcontroller 

4.1 Raspberry Pi 

Raspberry Pi is developed by Raspberry Pi foundation UK (United Kingdom). It is a 

series of mini computers. Raspberry Pi was firstly introduced in 2012 and many 

versions of it have been launched since then. It has a size of credit card. The first 

release Raspberry Pi consists of a single core 256 MB RAM and 700 MHz CPU. The 

latest version has 1.4 GH of CPU and a RAM of 1 GB. The price of each Raspberry Pi is 

$35, also the Raspberry Pi zero has a cost of $5.  

Raspberry Pi is globally used for learning programming, to build hardware for 

different projects, in Smart Office and for industrial level applications as well. It runs 

Linux OS and is low in price; however, it has a set of general purpose input/output 

pins. 

 

 

Fig. 4.1 Raspberry Pi 3 
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4.1.1 OS (Operating system) of Raspberry Pi: 

The running system that is established in Raspberry Pi is Raspbian stretch. 

Steps for installation: 

 In 1st step, Memory card of 8 GB is inserted to a card reader. The 2nd step is to 

download Raspbian stretch operating system and save it in desired drive in 

computer. Software used for burning operating system is win32 disk imager. 3rd 

step is to download and install win32 disk imager. 4th step is to open win32 disk 

imager, then select operating system from the drive where it was placed. Last step 

is to burn the operating system on the selected memory card. After the completion 

of all these steps successfully, eject the SD card from card reader and insert in the 

memory slot of Raspberry Pi. Then power on Raspberry Pi and operating system will 

start to install automatically. After the installation is completed, a language and 

current time is selected.  
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4.2 NodeMCU ESP E12 

It is an IoT platform. It is open source. It is used for wireless network connections for 

microcontrollers; it is extension of ESPE8266 that is a highly integrated on chip, 

wireless system. It is low in cost and small in size but very useful. This module allows 

microcontroller to connect Wi-Fi and make simple TCPI/IP connection. It programs to 

control GPIO ports. 

 

 

Fig. 4.2 NodeMCU 

Table 4.1 Features: 

Version Devkitv1.0 

Weight Light 

Power 3.3V  

Language C programming language 
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Ports of ESP E12: 

NodeMCU has 30 pins including 4 ground pins, 13 GPIO pins, 3 Vcc pins. 

ESP12E has an ESP8266EX inside it and NodeMCU is made up of it. With help of 

datasheet it can be checked, which pin is used to work with digitalWrite, digitalRead, 

analogWrite, and analogRead. 

digitalWrite is not compatible with 6, 7, 8, 11 general purpose I/O pins and ADC0 

digitalRead is not compatible with 1, 3, 6, 7, 8, 11 general purpose I/O pins and the 

ADC0  

analogWrite is not compatible with 6, 7, 8, 11 general purpose I/O pins and ADC0  

analogRead has compatibility with ADC (A0) only 
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Chapter 5 

Database 

5.1 Introduction 

A database is systematic collection of data that can be stored and accessed 

electronically from a computer. Database is used to make use of data easier. All data 

is inserted in tables, rows and columns and is also indexed to make it easy to find 

relevant data. In this project it is required to store all the data from all the sensors 

and to keep a record for further use. 

5.2 Goals 

Database management system (DBMS) is used to resolve any redundancy and 

inconsistency of data. A user can access data easily. Its purpose is to solve the 

problem of data isolation as data is scattered in different files. It is used to ensure 

security by making database accessible to only authentic user. It is helpful in solving 

integrity problems. 

5.3 Components results on database 

First step to start database by using the URL (http:localhost.com or http:127.0.0.1) 

provided by web hosting company.  

Fig. 5.1 shows 16 tables created in the database. For the data of each sensor there is 

a separate table and other tables are to set thresholds. Each table has three 

columns. 1st column is for ID, 2nd is for the data of sensor and 3rd is for time and date 

to keep record of when the database is updated.  

Fig. 5.2 shows the results obtained by the temperature sensor and different time and 

date. The rows of the table show different entries of data which are updated to the 

database and rows are increased by default auto increment and a log is created. This 

log has all the previous record of the data obtained by the sensors. 

Fig. 5.3 shows the results from the automation of light. It has three columns. 1st 

column is for ID, 2ND for the data which is in the form of zeros and ones to show if 

the light is OFF or ON respectively, 3rd shows the time and date at which light is ON 
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or OFF .When light is ON, 2nd column of the table is updated with a ‘1’ .When light is 

OFF, 2nd column is updated with a zero. 

 

 

Fig. 5.1 Tables of database 
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Fig. 5.2 Results of temperature 

 

 

 

Fig. 5.3 Results of room light 



 

 

 22 

Chapter 6 

MQTT protocol 

6.1 MQTT introduction  

MQTT or MQ telemetry transport is a standard of ISO (International organization for 

standardization). It is publish-subscribe based protocol for messaging. Its purpose is 

to provide connections between remote areas where the network bandwidth is 

limited. It is used in sensors communication to a broker via satellite link, in office 

automation and tiny device situation. It is beneficial for mobile application because 

of its small length, less electricity intake, minimized statistics packets and higher 

distribution of records between many devices. 

6.2 MQTT architecture for publish-subscribe 

It sends messages asynchronously through Pub-Sub architecture. It exchanges a 

series of MQTT manipulate protocols in a well-described manner. Purpose of each 

protocol is particular, and each little bit of packet is transmitted carefully to lessen 

the data transmitted over the network. In MQTT topology there is a MQTT server 

and a MQTT client which talk with every other thru unique manipulate protocols. 

6.3 Ideal for limited networks 

MQTT has small size headers. This service control packet has 3 components: 

 A header of the fixed length of two bytes 

 A payload  

  Variable header  

But all the control protocols don’t have variable header and payload. If a control 

protocol requires an identifier then it is contained in variable header. A payload that 

can be attached to a protocol has a size of 256MB. Small size of header makes it 

suitable for IOT through reducing the statistics transmitted over restrained networks. 
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6.4 Quality of service of MQTT 

The level of quality of service indicates that how messages are being sent and it 

should be specified for each message to send through protocol. Hence, it is 

important to choose adequate level of QOS for each message.  

 QOS0 (At most as soon as) - wherein messages are delivered in accordance with  

the pleasant efforts of the working environment. Message loss is also possible. 

 QOS1 (at least as soon as) - wherein messages will surely reach but duplicates  

can take place. 

 QOS2 (exactly once) - in which message are sure to reach exactly as soon as  

possible 

The performance is low with higher QOS. MQQT gives enough flexibility to devices of 

IOT to select such value of QOS which are required for better functions and are 

according to environment. 
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Chapter 7 

Web Application 

7.1 Background  

A web app is a program that is stored on a server and can be accessed through 

internet using a browser. By using a web app, a user can acquire and manipulate 

data. It is also accessible through a mobile, laptop or desktop computer using a 

variety of browsers. 

7.2 Web application interface 

The title off the web application is IoT Connected Smart Office Applications. There 

are two tables of which, one is used for title and the other for data. In 2nd table there 

are four columns and in each column,  there are nine rows. First column is for name 

of different appliances, second for the current status of each appliance, third for the 

status of threshold set by the user and fourth one is for changing the threshold. A 

user can use the insert button to change the threshold temperature to turn on or off 

the fan, AC or heater. There is also a button to turn light on or off if a user does not 

want to allow it to turn on and off automatically. Second row is for room lights, next 

is for fan, AC heater, temperature, humidity, washroom lights, fire alarm and net 

current respectively. Status tells that if the fan, ac, heater or light is currently on or 

off. The status of the threshold tells what the temperature is set by the user. And the 

column next to the temperature tells the current temperature of the room according 

to which a user can set the threshold to turn on and off the appliances. 
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Fig. 7.1 web application 
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Chapter 8 

Implementation 

The designing method of the project has foremost portions: software layout and 

hardware design. The hardware is designed by way of arranging microcontrollers, 

sensors and actuators while software layout consists of programming this is written 

and uploaded within the microcontrollers. The design shows microcontroller linked 

to sensor-modules and actuator-modules for monitoring and controlling. This design 

section indicates how special hardware components are set up. The specifications 

and information concerning numerous components are described underneath. The 

system is modeled to screen statistics from three sensor-modules and control loads 

by using cellular software. The various purposeful units used within the machine are 

as follows: 

1. NodeMCU: (Microcontroller). It is the principal co-coordinator of the sensors and 

the actuators. This microcontroller has integrated aid for Wi-Fi connectivity which 

permits it to send and acquire data from mobile software through Internet server. It 

reads sensor statistics and sends them to cell software and receives commands from 

cell utility to manipulate office appliances. It then drives the relay-module to control 

the office equipment. 

2. Sensor modules: They get hold of records approximately current ambient 

conditions in domestic surroundings and ship them to NodeMCU.  

3. Web application: A platform with HTML provides widgets to show sensor statistics 

obtained from NodeMCU and manage output alerts (to control loads) from 

NodeMCU to the actuator circuits. 

4. Internet server: Cellular application in telephone and NodeMCU talk by means of 

the use of online server. Bidirectional switch of records among NodeMCU and web 

application happens via this server. 
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Chapter 9 

Conclusion 

Smart office is an important application of internet of things (IoT). It makes the life of 

a user easier and comfortable. IoT plays an important role in security and energy 

saving. The endeavor to achieve maximum accuracy is made, in this project. The 

system comprises of sensors, Raspberry Pi, NodeMCU, and the Internet. Wi-Fi 

technology is used for easy integration with the existing hand held devices (mobile 

phone etc.) and web app. It is ensured that the connectivity between the sensors 

and the computing devices is optimal. Web application is used to examine 

information from sensors located in domestic/office environment and consumers 

control domestic appliances based on that information that is stored in database. 


