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Abstract 
This paper presents an IoT-based occupancy monitoring system for energy-efficient smart buildings. 

The system uses IoT technologies to monitor occupancy in real-time, enabling informed decisions for 

efficient energy management. The system uses sensors like motion and occupancy sensors to collect 

occupancy data, which is processed and analyzed using machine learning algorithms to predict 

occupancy patterns and optimize energy usage. A centralized control unit receives occupancy data 

from sensors and communicates with the building's energy management system. Based on this 

information, the control unit can adjust lighting, heating, and ventilation systems to match actual 

occupancy levels, avoiding wasteful energy consumption in unoccupied areas.The system offers 

several advantages, including improved energy efficiency, reduced operational costs, and enhanced 

occupant comfort. By dynamically adjusting energy usage based on real-time occupancy data, the 

system ensures energy is only consumed when needed, leading to significant energy savings. 

Additionally, the system provides insights into occupancy patterns, allowing facility managers to 

optimize space utilization and make informed decisions about building operations.However, 

challenges such as sensor placement, data privacy, and system scalability need to be addressed to 

ensure the system's effectiveness and reliability. Despite these challenges, the adoption of an IoT-

based occupancy monitoring system holds great potential for creating energy-efficient smart 

buildings and contributing to sustainable development. 

I. Introduction 
 

Smart buildings are revolutionizing the 

built environment by integrating advanced 

technologies to optimize energy 

consumption, enhance occupant comfort, 

and improve overall building performance. 

One key aspect of smart buildings is the 

ability to monitor and manage occupancy 

levels in real-time. Accurate occupancy 

information allows for intelligent control 

and automation of various building 

systems, such as lighting, heating, 

ventilation, and air conditioning (HVAC), 

based on actual occupancy patterns. The 

Internet of Things (IoT) has emerged as a 

game-changing technology in the field of 

smart buildings, enabling seamless 

connectivity and communication between 

devices and systems. IoT-based occupancy 

monitoring systems utilize a network of 

sensors, data analytics, and 

communication infrastructure to collect, 

process, and analyze occupancy data. 

These systems provide real-time insights 

into occupancy patterns, allowing for 

dynamic adjustment of building systems to 

optimize energy usage and ensure 

occupant comfort. 
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Traditional occupancy monitoring 

techniques, such as manual tracking or 

static schedules, are often inadequate in 

meeting the evolving needs of energy-

efficient smart buildings. IoT-based 

occupancy monitoring systems address 

these limitations by offering a more 

granular and accurate representation of 

occupancy levels. By deploying various 

sensors, such as motion sensors, 

occupancy sensors, and environmental 

sensors, throughout the building, the IoT-

based occupancy monitoring system can 

continuously monitor and track occupancy 

patterns in different areas. The collected 

data is processed and analyzed using 

advanced algorithms, such as machine 

learning and predictive analytics, to 

estimate occupancy levels, detect 

anomalies, and make informed decisions 

for energy management.f 

 

The benefits of implementing an IoT-

based occupancy monitoring system in 

smart buildings are manifold. Firstly, it 

enables precise control and automation of 

building systems, leading to significant 

energy savings and reduced carbon 

footprint. Secondly, it improves occupant 

comfort by providing personalized and 

adaptive environments based on individual 

preferences and real-time occupancy 

information.In conclusion, IoT-based 

occupancy monitoring systems offer 

numerous benefits for energy-efficient 

smart buildings, ranging from energy 

savings and improved occupant comfort to 

enhanced security and data-driven 

decision making. By leveraging IoT 

technologies, these systems pave the way 

for smarter, greener, and more sustainable 

built environments. 

Proposed system  

 
The proposed IoT-based occupancy 

monitoring system aims to provide 

accurate, real-time, and granular 

occupancy data for energy-efficient smart 

buildings. It uses a network of sensors, 

data analytics, and communication 

infrastructure to enable intelligent control 

and optimization of building systems 

based on actual occupancy patterns. The 

system includes occupancy sensors, data 

collection and processing, real-time 

monitoring and visualization, energy 

optimization and automation, predictive 

analytics, alerts and notifications, and 

scalability. Sensors detect the presence or 

absence of occupants in specific areas, 

while data is transmitted to a central data 

collection unit or cloud server for analysis. 

The system also integrates building 

automation systems, such as lighting, 

HVAC, and energy management systems, 

to dynamically adjust lighting levels, 

temperature settings, and energy usage 

based on occupancy levels. Predictive 

analytics forecast occupancy levels based 

on historical data, enabling proactive 

planning and resource allocation. The 

system can generate real-time alerts based 

on predefined rules or thresholds, enabling 

timely response and action. The system is 

designed to be scalable and adaptable to 

different building environments, enabling 

smart buildings to achieve optimal energy 

efficiency, improved occupant comfort, 

and effective resource management. 
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BLOCK DIAGRAM: 
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II. APPLICATION OF IOT IN SMART GRID 
 

Embedded systems are increasingly being 

integrated into various products, including 

robotic toys, electronic pets, intelligent 

cars, and remote controllable home 

appliances. Major toy makers are creating 

interactive toys that can become lifelong 

friends, such as Furbies and AIBO, which 

are robotic dogs with a distinct life cycle. 

Telematic systems in cars provide 

navigational security, communication, and 

entertainment services using GPS and 

satellite. Home appliances are also 

adopting embedded technology, with LG 

electronics' digital DIOS refrigerator 

allowing for internet browsing, email 

checking, video phone calls, and TV 

watching. IBM is developing an air 

conditioner that can be controlled over the 

internet. The broad range of embedded 

systems makes generalization difficult. 
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 Aerospace and defence electronics: 

Fire control, radar, robotics/sensors, sonar. 

 Automotive: Autobody electronics, 

auto power train, auto safety, car 

information systems.       

 Broadcast & entertainment: Analog 

and digital sound products, camaras, 

DVDs, Set top boxes, virtual reality 

systems, graphic products. 

 Consumer/internet appliances: 

Business handheld computers, business 

network computers/terminals, electronic 

books, internet smart handheld devices, 

PDAs. 

 Data communications: Analog 

modems, ATM switches, cable modems, 

XDSL modems, Ethernet switches, 

concentrators. 

 Digital imaging: Copiers, digital still 

cameras, Fax machines, printers, scanners. 

 Industrial measurement and control: 

Hydro electric utility research & 

management traffic management systems, 

train marine vessel management systems. 

 Medical electronics: Diagnostic 

devices, real time medical imaging 

systems, surgical devices, critical care 

systems. 

 Server I/O: Embedded servers, 

enterprise PC servers, PCI LAN/NIC 

controllers, RAID devices, SCSI devices.  

 Telecommunications: ATM 

communication products, base stations, 

networking switches, SONET/SDH cross 

connect, multiplexer. 

 Mobile data infrastructures: Mobile 

data terminals, pagers, VSATs, Wireless 

LANs, Wireless phones. 

 
 
 

A. Arduino UNO 
 

 

Arduino is a family of microcontroller 

boards designed to simplify electronic 

design, prototyping, and experimentation 

for artists, hackers, hobbyists, and 

professionals. They are built around an 

ATmega microcontroller, a complete 

computer with CPU, RAM, Flash 

memory, and input/output pins. Arduinos 

are designed to attach various sensors, 

LEDs, motors, speakers, servos, etc. 

directly to these pins, which can read or 

output digital or analog voltages between 

0 and 5 volts. Arduinos connect to your 

computer via USB and can be 

programmed in C/C++ from the Arduino 

IDE. Once programmed, the Arduino can 

run with the USB link back to your 

computer or stand-alone without it, 

requiring no keyboard or screen. 

 
 

Starting clockwise from the top center:  

 Analog Reference pin (orange)  

 Digital Ground (light green)  

 Digital Pins 2-13 (green)  

 Digital Pins 0-1/Serial In/Out - TX/RX 

(dark green) - These pins cannot be used 

for digital i/o (Digital Read and Digital 
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Write) if you are also using serial 

communication (e.g. Serial.begin).  

 Reset Button - S1 (dark blue)  

 In-circuit Serial Programmer (blue-

green)  

 Analog In Pins 0-5 (light blue)  

 Power and Ground Pins (power: 

orange, grounds: light orange)  

 External Power Supply In (9-12VDC) - 

X1 (pink)  

 Toggles External Power and USB 

Power (place jumper on two pins closest 

to desired supply) - SV1 (purple)  

 USB (used for uploading sketches to 

the board and for serial communication 

between the board and the computer; can 

be used to power the board) (yellow) 

A. LDR Sensor 

The LDR sensor module is a low-cost digital 

and analog sensor module that measures and 

detects light intensity. It features an onboard 

LDR (Light Dependent Resistor) for light 

detection. The module has four terminals, with 

the "DO" pin for digital output and the "AO" 

pin for analog output. The sensor's sensitivity 

can be adjusted using an onboard 

potentiometer. 

 

Parameter Value 

Operating voltage 5V or 3.3V DC 

Comparator chip LM393 

Module Pins 3 pins 

Output type Digital outputs (D0) 

Sensitivity Adjustable 

Indicator LED Output and power LED indicator 

PCB size 3cm * 1.6cm 

 

A. Relay module 

 Relay modules have input and output sides with jumper pins and screw terminals. When a control 

signal is applied, the electromagnet activates, attracting an armature and closing switch contacts on 

the output side, allowing electricity to flow. A flyback diode is placed parallel to the electromagnet 
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coil to prevent flyback voltage damage. An optocoupler is used for higher isolation, controlling the 

electromagnet's switching action with a photoelectric device on the input side.. 

 
 

 

A. LCD Display 
 

A liquid crystal display (LCD) is a flat, 

color or monochrome display device with 

a column of liquid crystal molecules 

suspended between two transparent 

electrodes and two polarizing filters. 

These filters allow light to pass through 

one filter without blocking the other. LCD 

displays are commonly used in 

microcontroller devices to output visual 

information. They are inexpensive, easy to 

use, and can produce readouts using the 

5X7 dots plus cursor. For an 8-bit data 

bus, the display requires a +5V supply and 

10 I/O lines, while for a 4-bit bus, it 

requires supply lines and 6 extra lines. 
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IV. Conclusion 

 An IoT-based occupancy monitoring 

system for energy-efficient smart 

buildings offers real-time, granular 

occupancy data, enabling informed 

decisions about energy consumption, 

space allocation, and resource 

management. This system integrates 

building automation systems, ensuring 

optimal energy efficiency and reduced 

carbon footprint. Predictive analytics 

enable proactive planning and resource 

allocation, improving space utilization and 

occupant comfort. The system's scalability 

and integration with other IoT devices 

enhance its efficiency and functionality. 

Implementing this system can lead to 

enhanced energy efficiency, occupant 

comfort, and sustainable operations. 
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