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Abstract— Internet of Things links real-world objects to 

virtual world.  Large amount of devices are connected to the 

internet and generates large amount of data.  The data 

collected is to be controlled and converted to information for 

developing an efficient system.  In this paper we focus on 

transportation system.  Excessive crowds in buses often leads 

to loss of precious life.  So, a survey is proposed using 

embedded system for automatic crowd monitoring in buses to 

avoid unnecessary accidents due to overcrowding.  For 

counting people in the bus, the survey contains sensors such 

as Infrared sensor [IR], horizontal beam sensor, passenger 

counter sensor, video processing sensor, people counter.  The 

gateways in this survey are PIC Microcontroller, Arduino, 

Raspberry Pi.  The communication protocols are GSM, 

Bluetooth, ZigBee and Wi-Fi.  The system is mainly designed 

to avoid accidents due to overcrowding. 
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I. INTRODUCTION 

The Wireless Sensor Networks are the important source for 

the development of IoT [6] .  These systems have better 

transparency and performance when applied to a system.  The 

internet of things enhances data collection, automation, 

operations, and smart devices and powerful enabling 

technology [4][3].  IoT systems allow users to achieve deeper 

integration, analysis and automation within a system. 

Transportation is the backbone of the Indian 

economy.  Transport on roads can be grouped into the 

transportation of goods and transportation of people.   Public 

transport is the primary mode of transport in India [7].  Bus 

accidents occur due to overcrowd in buses, driver distraction 

or negligence, vehicle handling problems and equipment 

defects.  Among these problems, overcrowding in buses is the 

major problem that leads to accidents. 

In a bid to maximize their profit, bus conductors and 

drivers continue to violate traffic norms by putting lives of 

thousands of passengers at risk every day [8].  The private 

buses with a capacity of accommodating 43-45 passengers 

carry 65-70 passengers at a time.  Some passengers even 

dangle on the doors of the buses, thus putting their lives in 

danger [4].  Despite many efforts taken by the governmental 

and non–governmental organizations, overcrowd in buses has 

not been controlled till today [6].  So, there is a need for 

efficient monitoring and control of crowd in buses. 

The important hardware in IoT is sensors.  A sensor 

is a device that detects and responds to some types of input 

from the physical environment.  The input can be heat, 

pressure, motion, moisture and so on.  The output is a signal 

that is converted too human-readable at the sensor location 

[4].  Radio frequency modules manage communications 

through Wi-Fi, ZigBee, Bluetooth and GSM.  All the devices 

are represented in the Flow diagram "Fig.  1". 

 
Fig. 1: Flow Diagram 

II. TECHNIQUES FOR COUNTING PASSENGERS 

A. IR Sensor 

An IR sensor is used for detecting objects.  Infrared 

transmitters are used for emitting infrared rays and infrared 

receiver is used to receive IR rays that have been transmitted.  

Both the transmitter and the receiver should be placed in a 

straight line [7].  When the signal is high, the transmitted 

signal is given to a transmitter and it passes IR rays to the 

receiver.  The effective distance range 2 to 10cm.  An IR 

sensor is an electronic device used to sense some aspects of 

the surroundings.  An IR sensor is used for detecting heat of 

the object and motion.  The sensor is used for measuring 

infrared radiation called as passive IR sensor.  Every object 

radiate thermal in IR spectrum and this type of radiation are 

invisible to our eyes that are detected by infrared sensor.  An 

IR LED (Light Emitting Diode) is an emitter and IR photo-

diode is a detector, which is more sensitive. 

B. Horizontal Beam Sensor 

Horizontal beam sensor is used for counting number of 

passengers in a bus [11].  The sensor often misses overlapping 

passengers and even counts the luggage or even other objects.  

The low-floor buses results in many passengers standing 

besides the door, in which it increases the count. 

C. Passenger Counter Sensor 

A passenger counter sensor is based on image processing 

method that provides high counting performance for counting 

people.  The front and the back door sensors counts people 

getting on and off the bus [11].  All passengers are counted 

based on their payments (i.e.) welfare ticket or discount 

ticket, pass, cash.  The camera's video output is used for 

allowing to view the conditions near the middle door, this 

process is more difficult to view and to record the images in 

the video event data recorder.  The sensor (i.e.) camera is 

installed in the ceiling of the bus near the entrance and exit.  

The sensor can also count the number of passengers when 

passing each other at the door.  By turning on, the sensor gets 

started to work and there is no burden for the driver. 
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D. Video Processing Sensor 

Video processing sensor is used for counting the number of 

passengers in a bus based on video processing.  A zenithal 

camera in the bus is set for capturing the passenger flow bi-

directionally [7].  The captured frame is divided into blocks 

and each block are classified to its motion vector.  The 

moving objects are counted to be the passenger who are 

getting in or out of a bus, can be segmented for counting. 

E. People Counter Sensor 

A people counter is used for counting the number of people 

traversing in a particular environment.  The sensor not only 

recognizes people standing close to each other it can also 

track them even if they are moving or standing [3].  The 

sensor has two types of interfaces, they connects sensors via 

data cable when the threshold exceeds and connecting the 

computer running occupancy monitoring tools via USB when 

threshold met. 

F. Foot Fall Sensor 

Footfall counter sensor is used for counting number of 

customer’s footfall and shopper insights in the retail 

intelligence solution.  Evaluation of in and outs of footfall 

analysis will empower the businesses to make critical and 

strategic decisions that can drive instant conversion rates, 

store displays and so on.  It is used to evaluate and compares 

performances, Boost efficiency of market practices, Track 

peak sales period. 

G. Analogy 

Analyzing all the sensors in Table I some of the sensor have 

some impact in it.  Horizontal beam sensor counts the luggage 

or other objects, passenger counter sensor uses camera based 

on image processing, video processing sensor is more 

complex when compared to other sensors, people counter 

sensor and footfall sensor just counts the number of people.  

By comparing all these sensors, IR sensor counts the 

passengers by their heat and motion, so it gives accurate 

result.  IR Sensor are less in cost when compared to other 

sensors.  So, an IR sensor is an efficient one. 

Sensors Working Applications 

Infrared 

sensor[IR] 

It measures the 

heat of an object 

and detects motion. 

Transportation and 

white line tracking. 

Horizontal 

beam sensor 

To count the 

passengers in the 

bus and luggage. 

Railways, 

Transportation 

Passenger 

counter 

sensor 

To count the 

passengers by 

image processing. 

Transportation 

Video 

processing 

sensor 

It uses zenithal 

camera for 

capturing the 

passenger. 

Industries, 

Transportation, 

Smart home 

People 

counter 

To measure the 

number of people 

traversing in a bus. 

Smart home, 

Transportation 

Foot fall 

sensor 

To comprehend 

footfall and 

shopper insights. 

Smart home, 

Transportation, 

Industries 

Table 1: Working & Applications of WSN 

III. GATEWAYS TECHNIQUE 

A. PIC Microcontroller 

A microcontroller is a microprocessor system built on a single 

integrated circuit (IC).The acronym PIC stands for 

"peripheral interface controller" [14].  Building a 

microprocessor on a single chip can reduces the cost.  Micro 

depicts that the device is small and the controller is used to 

control the events, objects or the processes [10].  A 

microcontroller is an embedded controller, in which it 

supports circuits that are embedded in the devices.  

PIC16f877a PIC microcontroller is the most renowned 

microcontroller.  It is easy to use and code.  It can write and 

erase as many times because it uses FLASH MEMORY 

technology. 

B. Arduino 

Arduino is an open-source platform.  Arduino is designed to 

make electronics more accessible to designers.   An Arduino 

board can be purchased pre-assembled because the hardware 

design is an open source [5].  The users can also adapt the 

boards to their needs, as well as update and distribute their 

own versions.   An Arduino   board which is been pre-

assembled includes a microcontroller, which is programmed 

using Arduino programming language and the Arduino 

development environment. 

C. Raspberry Pi 

The Raspberry Pi is an open hardware.  It has an exception of 

the primary chip on the Raspberry Pi.  The System on a Chip, 

which runs many of the main components of the board–CPU, 

graphics, memory, the USB controller and so on [1].  Many 

of the projects made with a Raspberry Pi are open and well-

documented and you can build and modify yourself.  The 

Raspberry Pi is not the only small computing device.  It is 

slower than a desktop or laptop, but is still a Linux computer 

and can provide low-power consumption. 

Analogy 

Gateway Working Advantage 

PIC 

microcontroller 

It uses 

microprocessor's 

power to 

implement many 

outcomes. 

PIC 

microcontroller 

can write and 

erase as many 

times. 

 

Arduino 

 

The way to build 

and program 

electronic 

components 

The hardware 

design is open 

source. 

 

Raspberry pi 

 

It runs main 

components of the 

board–CPU and so 

on. 

Raspberry Pi is 

an open 

hardware 

Table 2: Working & Advantage of Gateway Techniques 

Analyzing these three gateways in Table II, PIC 

microcontroller is more efficient and low of cost.  Because 

this controller is convenient to use, the coding or 

programming of this controller is also easier.  One of the main 

advantages is that it can be write and erase as many times as 

possible because it uses FLASH memory technology. 

https://www.elprocus.com/ir-remote-control-basics-operation-application/
https://www.elprocus.com/ir-remote-control-basics-operation-application/
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IV. DISPLAY 

A. LCD Display 

Liquid crystal displays (LCD’s) have materials, which 

combine the properties of both liquids and crystals.  LCD 

contains two glass panels and the liquid crystal material sand 

witched between them [10].  The inner surface is coated with 

transparent electrodes which describe the symbol, character 

or a pattern to be displayed.  Polymeric layers are present in 

between the transparent electrodes and liquid crystal.  

Polarizes are pasted outside the two glass panels [1].  When 

some voltage is applied to the electrodes, the liquid crystal 

molecules would be in a specific direction.  The LCD’s are 

lightweight with only a few millimeters thicknesses.  LCD 

consumes less power and compatible with low power 

electronic circuits and can be powered for long duration's. 

V. COMMUNICATION PROTOCOLS 

A. Global System for Mobile Communication (GSM) 

GSM is a mobile communication modem.  It is popularly used 

mobile communication system in the world.  The cells in 

GSM vary as per the implementation and the coverage area 

of each cell varies according to the implementation 

environment [9]. 

1) A Mobile Station 

A mobile phone is controlled by sim card that contains a 

processor, display and transceiver operating over the 

network. 

2) Base Station Subsystem 

BSS is, interface between the network subsystem and the 

mobile station [10].  It consists of the Base Transceiver 

Station in which it contains the radio transceivers and handles 

the protocols for communication with mobiles. 

3) Network Subsystem 

It provides the network connection to the mobile stations. 

B. Wi-Fi 

Wi-Fi is a wireless networking technology [6].  A computer 

and other devices are communicated using wireless signals.   

The network components are based on one of the 802.11 

standards that was developed by IEEE and adopted by Wi-Fi 

alliance [9].  Wi-Fi is a standard way to connect computers to 

wireless networks.  Every modern computer has built in Wi-

Fi chips in which it allows users to find and connect to 

wireless routers.  Most of the technology such as video-game 

systems, mobile devices and standalone devices support Wi-

Fi, to connect with the wireless networks.   When a device 

establishes a Wi-Fi connection with a router, it must be 

connected to the internet to provide internet access to 

connected devices. 

C. Bluetooth 

Bluetooth is a wireless technology.  It is used for exchanging 

data over a short distance.  It is been managed by Bluetooth 

Special Interest Group (SIG).  It is master/slave architecture 

with a packet-based protocol [1].  Bluetooth for IoT has four 

times the range, which should be useful for businesses that 

want thousands of IoT devices connected, without large 

deployment of hubs.  It also has 100 percent more speed, 

useful for critical infrastructure projects where the network 

must always be online and ready to send information.  It also 

uses a new Mesh network topology, designed for devices to 

be interconnected inside a network, which is necessary for a 

scalable IoT solution.  Bluetooth Low Energy (LE) made it 

possible for a coin-cell battery to last for months or years. 

D. ZigBee 

ZigBee is a wireless technology.  It uses low power digital 

radio signals for personal area networks.  ZigBee operates on 

IEEE 802.15.4 specification and used to create networks that 

require low data transfer rate, secure networking and energy 

efficiency [16].  It provides secure communication and 

accomplished through the use of 128-bit cryptographic keys, 

in which both the recipient and the originator of a transaction 

need to share the same key. 

Analogy 

Protocols Data Rates 
Frequencies and 

Range 

GSM 
9.6 kbps per time 

slot 

900 and 1800MHz 

900 bands 

Wi-Fi 600 Mbps 
2.4 and 5 GHz 

50m 

Bluetooth 1 Mbps 
2.4 GHz 

50-150m 

ZigBee 250kbps 
2.4 GHZ 

10-100m 

Table 3: Data Rates, Frequencies & Range of 

Communication Protocols 

Analyzing all the communication protocols in Table 

III, Global system for mobile communication (GSM) is the 

best and easy method for transferring of data from one 

location to another.  As, it uses mobile station for sending 

information, network subsystem for providing network 

connection and base station subsystem is for providing 

interface between mobile station and the network subsystem 

to communicate. 

VI. ANALYZING METHODS 

A. Association Rule Learning 

Association rules are used for analyzing data frequently in 

form of if/then pattern [12].  The method used is rule-based 

machine learning for discovering a relationship between 

variables in a huge database and to identify the important 

relationships. 

B. Classification Tree Analysis 

Decision tree learning is commonly used in data mining [12].  

It needs a training set (i.e.) historical data of correctly 

identified observations.  All inputs and outputs are in the form 

of Boolean [2].  The function is, take a Boolean function 

convert it into a truth table and construct a decision tree in 

which each row corresponds to one path of the decision tree. 

C. SVM Model 

Support Vector Machine is a supervised machine learning 

algorithm [13].  SVM can be used for both regression and 

classification.  SVM is widely used in classification problems 

[17].  In SVM, we plot each data item as a point in n-

dimensional space.  Hyper-plane is used for differentiating 

two classes. 

https://www.macmillandictionary.com/dictionary/british/relatively-speaking#relatively-speaking__1
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D. Social Network Analysis 

Social network analysis is used for analyzing the 

relationships between people in many fields and commercial 

activities [12].  Nodes represent individuals within a network; 

ties represent the relationships between the individuals.  It has 

been used in various fields for identifying individuals. 

E. Analogy 

Analyzing all the techniques, every method is used for 

analyzing huge amount of data (i.e.) historical data.  By 

comparing all the techniques support vector machine (SVM) 

is the best method for analyzing data (i.e.) for finding the 

crowded area and allocate a separate bus for that particular 

area. 

VII. ARCHITECTURE 

"Fig.  2" depicts about how the crowd in public transport can 

be controlled effectively and if not then using communication 

protocol it is been intimated to the concerned authority.  And 

analyzing is been made to provide a separate bus for 

overcrowded area.  We use IR sensors for detecting 

passengers, GSM as a communication technology and 

support vector machine is been used to analyze the crowd in 

particular area.PIC microcontroller is used for storing the data 

that is been detected by the sensor. 

 
Fig.  2.  Architecture 

VIII. CONCLUSION & FUTURE WORK 

Crowd in public transportation system has become 

uncontrollable.  Most of the accidents occur due to overcrowd 

in buses.  A system is proposed to maintain and control the 

crowd in bus.  Here the crowd in the vehicle is monitored and 

if the number of passengers exceeds the second threshold 

limit, the information is reported to the authorized person as 

a message through GSM.  GPS also used here to track the 

location of the vehicle and report to the authorized person to 

take immediate action.  The information is then stored in an 

application.  [9] The stored information is been analyzed 

through SVM method and based upon the information 

additional buses will be provided for overcrowded routes.  

These measures will surely avoid accidents and the ratio of 

accidents will get reduced in an efficient manner.  By 

implementing this, accident free nation will be developed. 
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