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Abstract 

Determination of occupancy of a pre-determined space is a requirement for allocation of resources and for 

several other critical decision-making. The usual method of occupancy determination is a head count. For 

larger spaces, this requires manual labour and leads to human errors.  Nowadays, Sensors are being used 

in all public space. These sensors can easily be used for determination of occupancy. This paper proposes 

a design for determination of occupancy with some simple sensors working in sync. 
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1. Introduction 

Occupancy refers to the number of people placed inside a closed space such as a Bus, Train, Car or any 

Room such as Conference Hall or Office Space. The number of people who are available or are seated in 

a closed space can be of paramount importance. For example, if the number of passengers seated in a bus 

are known, there can be a display outside the bus displaying the number of seats available so that a 

passenger can avoid boarding a commute that is fully occupied. The same applies to trains as well. 

Information of this nature can help a commuter take the next available commute. Dynamic Occupancy 

refers to a scenario where the occupancy value keeps changing over time. It can also be referred to as 

Temporal Occupancy. The space itself can be stationary – such as a conference hall or mobile such as a 

train.  

Occupancy need not always represent closed spaces. The space can be a Railway platform, a Bus Stop, or 

any other “not closed” spaces as well. If the number of commuters standing on a platform is known across 

time for every working day, a pattern can be inferred and a decision can be made on the frequency of 

trains or buses per hour across the entire day.  This information can also be used to make resources such 

as food, water and air conditioner to be made available at different times throughout the day. For a 

Conference Hall, occupancy can be used to determine the number of participants in an event. 

In an era of autonomous vehicles, determining the number of passengers can be of utmost importance to 

the intelligent driving system. The position of passengers can also be important in certain cases. 

Occupancies change in dynamic environment when the mobile system changes state to temporarily reach 

stationary state.  

The sensors that can be used in a bus for determining occupancy is a sensor node cluster working in co-

ordination with each other. The algorithm and working of this intelligent sensor node cluster is explained 

in section 4.  

1.1 The ‘ibus’ 

Hitachi, the Japanese Company has come up with a set of features that can be added to ordinary buses to 

make them smart. The smart bus, name=d intelligent bus (‘ibus’) [17] has been envisioned to have the 

following features - 

1. Security CCTV Surveillance 
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This feature involves the use of surveillance technology for safety. It  includes Entrance-Exit, traffic and 

parking  surveillance and  fire detection. 

2. Passenger Experience 

This feature is meant for ease of use of bus services. It includes operation, status, congestion mitigation, 

route search, e-payment and optimization of travel time. This paper deals with determination of number 

of passengers with the aim of mitigating congestion.  

3. Urban Planning 

Urban planning has to do with planned urban development, strengthened transport systems, computation 

of shortest time to destination and planning of cities with increased ease of transportation. 

Intelligent Transport Systems 

Buses are popular means of transport in cities where there is huge traffic as well as for travel within cities. 

There are many countries in the world that offer free transportation to public.  On the other hand, there are 

problems like waiting, standing, buses with very less commuters and so on. All these issues point toward 

the need for a more effective and intelligent solution. In fact, many commuters prefer going by their own 

vehicles because the commutes are crowded or do not come on time. 

The use of personal vehicles leads to roads being fully filled, thereby reducing the speed of vehicles and 

causing longer commute times for all involved. It also adversely affects the environment. Deteriorating 

quality of air spaces causes many breathing, skin and heart issues in the long run.  

Smart Cities Mission is a Government initiative toward implementing intelligent transport systems that 

encourage usage of public transport systems. This requires complete data of public transport usage at 

different points of time during the day, week-end, holidays, day-before-work-day and so on. All these 

parameters can help create a strong urban transport system.Many companies including Hitachi have taken 

up this challenge and developed digital solutions that monitor bus operations using Internet of Things 

(IoT). The data is sent to a central control that updates time of transportation from the commute data. The 

data is picked from CC TVs, fine and challan  collections, GPS and so on.  

This helps model new routes, create new commutes, simplify reservations and helps in easing the burden 

on public. The use of simulators is also becoming popular for demonstrating reduction in traffic 

congestion and improved business performance, among other key performance indicators (KPIs).  

2. Literature Survey 

Paper [1] presents a traffic monitoring system implemented through Wireless Sensor Network (WSN) 

technology within SAFESPOT Project funded by the European Community. The aim of this project is to 

provide a flexible, robust, low-cost and low-maintenance wireless solution for obtaining traffic-related 

data that can be used for automatically generating safety warnings at black spots along the road network. 

The WSN consists of one Gateway Node (GN) and n Sensor Nodes (SNs) deployed along the roadside 

according to an approximately linear topology. Each SN is able to monitor a section of road, collecting 

parameters such as vehicle count, speed and direction. Data from the SNs is collected by the GN and 

delivered to a Road Side Unit (RSU) responsible for fusing it with traffic-related data generated by 

alternative sources. The system has been tested and performance evaluated under a number of real use-

case scenarios. 

The rapid progress in the research and development of electronics, sensing, signal processing, and 

communication networks has significantly advanced the state of applications of intelligent transportation 

systems (ITSs). However, efficient and low-cost methods for gathering information in large-scale roads 

are lacking [2]. Consequently, wireless sensor network (WSN) technologies that are low cost, low power, 

and self-configuring are a key function in ITS. The potential application scenarios and design 

requirements of WSN for urban transportation (WSN-UT) are proposed in this work. A customized 

network topology is designed to meet the special requirements, and WSN-UT is specifically tailored for 

UT applications. WSN-UT enables users to obtain traffic and road information directly from the local 

WSN within its wireless scope instead of the remote ITS data center. WSN-UT can be configured 

according to different scenario requirements. A three-level subsystem and a configuration and service 
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subsystem constitute the WSN-UT network frame, and the service/interface and protocol algorithms for 

every subsystem level are designed for WSN-UT. 

Wireless Sensor Network (WSN) plays a vital role in dealing with the challenging tasks of information 

management in Intelligent Transportation Systems (ITS). Current research has shown that the ever 

growing number of vehicles on the roads is making congestion worse, and many safety concerns are 

being addressed comprehensively by the WSN-based ITS [3]. However, the energy consumed by sensor 

nodes, their operational period, and ‘security compromise’ are ever growing concerns. Cluster-based 

routing strategies have potentially contributed in reducing the energy expenditure of sensor nodes, besides 

the selection of energy-efficient and secure Cluster Head (CH) is still seeking an optimized approach for 

acquiring the proliferated performance of WSN. To address these concerns, we propose an Intelligent 

Clustering approach for ITS (ICITS) which selects CHs based on a hybrid optimization method called 

GABAT that integrates the strengths of Genetic Algorithm (GA) and BAT Algorithm (BA). The proposed 

framework (ICITS) is targeted primarily to road transport in military areas due to their stringent 

requirements in terms of security and reliability while collecting the data from the deployed sensor nodes. 

The simulation results obtained with ICITS demonstrate that it performs well for various performance 

metrics that include stability period, network survival period and ‘number of packets sent’, which are 

improved by 54.7%, 19.6%, and 40.5%, respectively as compared to recently proposed Cluster-based 

Intelligent Routing Protocol (CIRP). 

3. The O-Bus Design 

An  Occupany-Knowing Bus is presented in Figure 1.  It has four types of sensors working in co-

ordination. All seats have Pressure Sensors. At the opposite sides of the bus at feet level, there are Sonar 

Sensors. On the inside of the roof, there are Image Sensors, focused on the seats. Finally, there is a CO2 

sensor (not seen in the figure) on the inside of the roof that measures CO2 levels inside the closed, Air-

conditioned space.  

 
Figure 1. A Space with Occupancy Sensors – red circles – image sensors, red triangles – motion sensors, 

orange rectangles – pressure sensors. Bus image from  https://www.vecteezy.com/vector-art/360721-

scene-in-airplane-with-blue-seats 

4. Implementation of the Occupancy Determination Module 

The assumptions for the rest of this paper are that the closed space dealt with is a bus. The number of 

seats is 16 as given in Figure 1. There are two seats per row on either side of the bus. The seats on each 

side are equidistant from each other. The seats are named in matrix order as [1,1], [1,2], [1,3],[1,4] for 

first row, [2,1],[2,2],[2,3] and [2,4] for second row, and so on. Four sensors are used – Generic (GS), 

Matrix (MS), Row (RS) and Seat (SS). All outputs except that of Generic Sensors are Boolean with 

respect to these seat numbers. For example, if Seat Sensor SS4 returns {1}, it means seat [1,4] is 
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occupied. A {0} indicates that the seat is empty. The types of sensors and controller are described in 

subsections 4.1 through 4.5.  

 

4.1 Generic  Sensor (GS) 

This is a CO2 sensor that determines the occupancy based on the concentration of CO2 in the pre-

determined space. The details of CO2 levels are explained in [ ].  It is assumed that the commute is Air-

Conditioned and the windows are therefore not opened by commuters. This assumption is important since 

otherwise the CO2 level shown would not map to occupancy anymore.  There is one Generic Sensor, 

which we name GS1 in our case study. 

 

4.2 Matrix Sensor (MS) 

This is an Image sensor that determines if the seats in its purview are occupied or not. In this discussion, 

we assume that each Image sensor senses occupancy in 8 seats just below it as show in Figure 1. Also, the 

range of the sensors are mutually exclusive – i.e., if sensor A picks data with respect to rows 1 and 2, no 

other Image sensor will pick the same data. There are two Matrix Sensors MS1 and MS2 in our case 

study – MS1 picks image signals from seats in row 1 i.e., {[1,1],[1,2],[1,3],[1,4]} and row 2 i.e.,  

{[2,1],[2,2],[2,3],[2,4]}. Similarly, MS2 picks images from seats in row 3 and row 4. In this work we 

represent MS1 output as {0,0,0,0,0,0,0,1} to represent an occupancy at [2,4].  MS2 output is also 

represented in a similar fashion. 

 

4.3 Row Sensor (RS) 

This is a motion sensor and determines if the row in its purview is occupied. Each row has two motion 

sensors fixed to both bus walls at foot level. The two motion sensors are programmed to pick signals only 

from the two seats next to it. Therefore, all motion sensors are also mutually exclusive. There are four 

rows in our case study. Therefore, there are 8 motion sensors placed pairwise at opposite corners from 

row 1 to 4 and named RS1 through RS8. The first row sensors i.e., RS1 senses inputs from seats [1,1] and 

[1,2]. RS2 which is opposite to RS1 senses motion with respect to seats [1,3] and [1,4]. The same logic 

applies to the remaining three rows in the bus.  The output of row sensors is represented as , for example 

{0,1}  

 

4.4 Seat Sensor(SS) 

This is a pressure sensor placed inside seats and determines if the seat is occupied. Needless to say, every 

seat has this sensor placed below the cushion. The sensor not only determines occupancy, it also specifies 

approximately if the commuter is a child or a grown up, given the range of weights for each of these 

categories.  There are 16 sensors, one for each seat labeled SS1 through SS16. Each of these sensors gives 

two inputs – whether seat [x,y] is occupied or not and an approximation of whether the occupant is a child 

or an adult. 

 

4.5 Edge Computing - Controller  

This is a simple micro-controller device programmed to receive inputs from the four sensors and to 

locally produce a single, integrated output that maps to all inputs. It also makes decisions in the face of 

conflicting inputs as well. The controller initializes all seats to {0} to indicate all seats are empty. Every 

time there is a change in occupancy, The controller updates the seat status.   

 

4.6 Digital Display Device 

The controller is connected to a simple digital display board that is placed outside the bus. This displays 

the current occupancy of the bus.  

A 2D layout design of all sensors is given in Figure 2. It shows a single Generic Sensor (GS), two Matrix 

Sensors (MS), eight Row Sensors (RS) and sixteen Seat Sensors (SS). The sensors in the middle – GS, 
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MS1 and MS2 are placed on the inside of the roof . An example for the outputs of the various sensors and 

controller deduction is given in Figure 3.  

 

Figure. A 2D layout of the four sensors in a closed, pre-determined space. 

 

5. Discussion 

An output from the sensor cluster and the controller deduction is given in Table 1. There is a conflict in 

sensor outputs, with Row Sensor showing two occupants in fourth row at seats [4,1] and [4,2]. The 

controller compares this observation with the triangulated outputs of all other sensors and concludes that 

there is an error in this output and there is exactly one occupant at seat [4,1].  

Table 1. A sample output expected  from the sensor design.  
Device 

Id 

(me) 

Sensor 

ID Output Controller Deduction  
GS001 GS 290 1 Occupant  
MS001 MS1 {0,0,0,0,0,0,0,0} No occupant in first two rows  
MS002 

MS2 {0,0,0,0,1,0,0,0} 

One occupant in third and fourth row - 

probably in [4,1]  
RS001 RS1 {0,0} No occupant in first row on LHS  
RS002 RS2 {0,0} No occupant in first row on RHS  
RS003 RS3 {0,0} No occupant in second row on LHS  
RS004 RS4 {0,0} No occupant in  second row on RHS  
RS005 RS5 {0,0} No occupant in third row on LHS  
RS006 RS6 {0,0} No occupant in third row on RHS  
RS007 RS7 {1,1} Two occupants in fourth row on LHS  
RS008 RS8 {0,0} No occupant in fourth row on RHS  
SS001 SS1 {0} No occupant in seat [1,1]  
SS002 SS2 {0} No occupant in seat [1,2]  
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SS003 SS3 {0} No occupant in seat [1,3]  
SS004 SS4 {0} No occupant in seat [1,4]  
SS005 SS5 {0} No occupant in seat [2,1]  
SS006 SS6 {0} No occupant in seat [2,2]  
SS007 SS7 {0} No occupant in seat [2,3]  
SS008 SS8 {0} No occupant in seat [2,4]  
SS009 SS9 {0} No occupant in seat [3,1]  
SS0010 SS10 {0} No occupant in seat [3,2]  
SS0011 SS11 {0} No occupant in seat [3,3]  
SS0012 SS12 {0} No occupant in seat [3,4]  
SS0013 SS13 {1} Occupant in seat [4,1]  
SS0014 SS14 {0} No occupant in seat [4,2]  
SS0015 SS15 {0} No occupant in seat [4,3]  
SS0016 SS16 {0} No occupant in seat [4,4]  
     
 Conflict Resolution    
     
 RS Two Occupants in fourth row  
 SS One occupant in fourth row in seat [4,1]  
 MS One occupant in third and fourth row - probably in [4,1]  
 GS 1 Occupant  
 Precedence RS<GS<MS<SS  
 Conclusion  One occupant in fourth row in seat [4,1]  
     

The general Algorithms for Controller Logic and Sensor Logic are given in Figures 3 and 4respectively. 

The controller logic runs until bus is in parked( ) state. It calls every sensor for changed inputs. Having 

received inputs from all sensors, it runs a conflict-resolution algorithm for triangulating the results 

obtained from all the sensors. The results are sent to “display” device. 

 

The  algorithm for sensor logic shows that the sensor senses change in occupancy for the seat(s) in its 

purview every 30 seconds via the Sense_Next( ) function. Whenever the status changes the 

changed_status( ) is True. The sensor sends back this data to Controller. If there is no change, the sensor 

loops until there is a change in occupancy status. 

 

6. Limitations 

Sensors may miss the number of people who stand since they are all focused on the seats. This can be 

because the number of buses or trains is less at that time. CO2 sensor readings may approximately give 

the total occupancy in such cases. There is also a possibility of people placing baggage in their adjacent 

seats giving the devices an impression that seats are filled. 

 

Conclusion 

This paper deals with the application of IoT towards determining the dynamically changing occupancy of 

a space. The concept is explained with the case study of a Bus. The various sensors that are required are 

explained. The sample outputs from the various sensors and a resolution of conflicting sensor inputs is 

presented. Finally, generic algorithms for the controller and sensor are presented. Future work in this area 

is the simulation of the presented design. 
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Figure 3. Algorithm for Controller Logic 

 

 
Figure 4. Algorithm for Sensor Logic (common to all sensors) 
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