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Abstract

There is a current trend towards the concentration of populations in large urban centres, thus over-
loading public transport systems which, because they are not always able to handle high demand, end up
having a negative impact on mobility and consequently on the environment. For transport operators to be
able to improve the service provided, it is essential that they know the needs of users through passenger
counting systems.

To solve this problem, a platform was developed using sensor technologies, infrared and ultrasonic
sensors, wireless networks, Wi-Fi, as well as location, to acquire data related to the entry and exit of
people, the permanence through the identification of mobile devices and the location of the vehicle through
a GPS receiver. It was also implemented an estimation system on a central server with the purpose of
calculating the affluence of a vehicle using the data collected.

Although the system tests were performed in a simulated environment, due to the limitations adjacent
to the desiase COVID-19, it was verified that the ultrasounds correctly identified the passage of people,
showing an F-Measure value above 0.97 for slow and normal speeds. Meanwhile, the identification of
mobile devices was not successful due to the fact that the system could not always detect the presence
of them. With regard to the geographical location of the vehicle, the system showed a difference of less
than 1 meter to the previously defined point, with a standard deviation between 2 to 4 meters.
Keywords: People Counting; Public Transport; Sensors; Wireless Networks

1. Introduction

Nowadays, it is increasingly common for the popu-
lation to concentrate in large urban centres, caus-
ing enormous pressure on public transport sys-
tems, which are not always able to respond effec-
tively to demand. As a result, there is an increase
in the number of cars on the road, which despite
deteriorating the mobility condition, has a negative
impact on the environmental [14, 5].

Reinforcing the transport services has been one
of the alternatives to reduce urban traffic [9], how-
ever, it is crucial that mobility operators are able
to identify the mobility patterns of users in order to
match the supply of the service with demand. On
the other hand, the entities responsible for manag-
ing public areas do not have enough mobility infor-
mation to plan properly the evolution of the urban
areas [7], which reflects in poor service manage-
ment, causing dissatisfaction among the citizens
and degradation of traffic conditions. In addition,
and given the current state of the world with regard
to the SARS-CoV2 pandemic, new rules had to be
adopted in order to minimise the transmission rate,
namely to limit the number of people in enclosed
spaces, such as public transport [6].

These problems can be addressed by counting
the number of users in public transport, however,
the current methods are not very effective, essen-
tially for two reasons: first, because there is a sig-
nificant percentage of passengers who do not val-
idate their ticket on entry, or who do it late; sec-
ond, because it is not always possible to identify
the passenger’s exit [4]. For this reason, it is es-
sential to have an automatic and effective passen-
ger counting system in public transports to enable
all stakeholders - transport operators and munici-
palities - to better manage their mobility resources
as well as ensure the safety and satisfaction of cit-
izens.

This paper aims to present a solution to these
problems, using data from infrared and ultrasonic
sensors, mobile devices scanning and a GPS re-
ceiver. The data collected is later analysed on a
central server in order to estimate the passenger
flows and also to identify the mobility pattern on
the public transports.

2. Background
2.1. Technologies
The detection of people using wireless networks
can be performed by identifying devices in the sur-
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roundings, or by verifying those associated with
the network. In Wi-Fi and Bluetooth, the identi-
fication of the devices is carried out through the
MAC address, unique identifier associated with the
Network Interface Controller of the device, while in
RFID and NFC, the identification of the devices is
carried out based on the information that they pro-
vide.

The scanning technique is only used in Wi-Fi and
Bluetooth technologies. This consists of detecting
terminal systems that have the network interface
active, even if they are not connected to a net-
work. The identification process consists of cap-
turing and analysing the packets circulating in the
access medium. On the other hand, when a device
is connected to a wireless network, or to another
device, it leaves a record of its identity which, even
if provisional, can be consulted in the competent
authority. It is possible to identify this record in Wi-
Fi, RFID and NFC technologies, however in Blue-
tooth it is not achievable because the network is
usually private, i.e. the association is usually made
between users’ devices.

Sensors can also be used to identify and count
people on public transport. In wireless network de-
tection it is necessary for people to have a mobile
device, unlike in sensor technologies, which use
only sensor readings. Infrared sensors are best
suited for vehicles where the entrance and exit of
passengers is done in an orderly manner, since the
interruption of the beam or the variation in temper-
ature only gives an indication of movement. Detec-
tion by ultrasonic sensors is based on the propa-
gation time of the wave transmitted by the emitter.
Initially, the average wave propagation time is cal-
culated under normal conditions, i.e. without any
object between the sensors and the surface oppo-
site them. When a person passes in front of the
sensors, the wave propagation time decreases or
increases substantially because it is reflected at a
shorter distance. Thus, whenever the wave propa-
gation time is shorter or much higher than the nor-
mal, the passenger can be considered to be en-
tering or exiting the vehicle. Load cells are an-
other technology that can be used, however they
are not able to distinguish two or more people si-
multaneously, since they are only sensitive to the
force exerted on the ground and not to the point of
contact. Finally, the detection of passengers using
video cameras is carried out by using specific al-
gorithms, which first identify the objects and their
limits, for locating and tracking purposes, followed
by classification methods, to identify people.

For the purposes of counting people, video cam-
eras perform this role most effectively, however, the
implementation cost is substantially higher com-
pared to the other technologies studied. In addi-

tion to this disadvantage, there are legal issues as-
sociated with the General Regulation on Data Pro-
tection. If a technology without additional imple-
mentation costs is desired, Wi-Fi is the most suit-
able. In this technology, the detection of devices
connected to the Access Point may be carried out
through the analysis of MIB but, if the intention is to
detect any devices, even if they are not connected
to the AP, the scanning technique is the most in-
dicated. Other technologies for identifying people
with a relatively low cost are infrared and ultra-
sound, which are advantageous because they do
not require additional devices. On the other hand,
they may suffer from environmental interference or
occlusion problems. In addition, this type of sensor
system requires a physical infrastructure capable
of properly protecting the sensors from any type of
damage or vandalism. This infrastructure, as well
as its installation, is totally dependent on the vehi-
cle’s structure, however, it is advisable to hide the
wiring inside the vehicle in order to minimise pos-
sible cuts or disconnections, and to create boxes
and fixing brackets using 3D printing, an economi-
cal and easily customisable technology.

2.2. State of the art

There are several systems and articles describing
how to use technology to count people, however a
relatively small sample was described, since most
of the work studied presented common points,
namely in the technologies and techniques used to
identify and consequently count users in a public
space.

The most relevant article in this thesis, RGB-
D Video System for Bus Passenger Counting [8],
describes an effective system for counting pas-
sengers on public transport, using video cameras,
however, and as stated in the article RFID-based
System for School Children Transportation [2], this
type of system has a high implementation cost, as
well as may violate some privacy policies.

Regarding the solution presented in the Blue-
sound system [10], the counting of people pass-
ing through a door is done through two types of
low cost sensors, ultrasound and passive infrared
sensors. Although were only used the ultrasound
sensors to count the passages under the door, in-
frared sensors have also proved to be effective in
identifying them, an essential condition for the so-
lution presented in this dissertation. Another rel-
evant aspect in the Bluesound system is the use
of the infrared module to determine the direction
taken by people. In this way, and by adapting to
a public transport, it is possible to determine the
number of entrances and exits made in both front
and rear doors of the vehicles.

Finally, the Estimating Pedestrian Flows Using
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Wi-Fi and Bluetooth system [13] has proven capa-
ble of counting users via wireless networks, taking
advantage of the Wi-Fi and Bluetooth technologies
present in mobile devices. In this way, and using a
computational device capable of supporting these
technologies in monitoring mode, it is possible to
identify the affluence of terminal devices in pub-
lic transport, particularly in the identification of the
time of permanence.

3. Implementation
The system was designed with two main compo-
nents, bus and central. The first is designed for
each vehicle and comprises the data acquisition
and preparation, storage in a local database and
transfer to the central system. The second aims at
storing, processing and presenting the information
gathered from all vehicles.

3.1. Bus component
This component consists of a computer device,
Raspberry Pi, and infrared and ultrasonic sen-
sors as well as a smartphone to emulate a GPS
receiver. Due to the limitations imposed by the
COVID-19 disease, it was only possible to develop
the user detection system based on the Wi-Fi scan-
ning and ultrasonic sensors.

What regards to the Wi-Fi scanning, the process
consists of analysing the packets roaming in the
access medium, recording an hash of the MAC ad-
dress of the devices, the first and last moment in
which it became visible, the signal strength as well
as the MAC address of the BSSID to which the de-
vice is connected. With this information it is pos-
sible to find how long a particular device has been
kept inside the vehicle, supporting this way other
sensor modules. On the other hand, the signal
strength gives an indication of the user’s proxim-
ity to the vehicle’s AP, thus indicating its relative
position. In order to secure the data throughout
the vehicle’s itinerary in case of device failure or
any other disruption cause, it was defined periods
for data acquisition, which proceed a first level of
analysis and to gathered and the most important
fields.

In the detection of people through ultrasound
sensors, the wave propagation time of the ultra-
sound wave is measured in order to calculate the
distance from the sensor to the user at the time of
their passage. In this process, and as in the scan-
ning module as well as with the same purposes,
a set of measurements are taken over a period of
time, being then processed and stored in the local
database to be sent to the central system when-
ever possible.

For the GPS module, the same principle as the
scanning and ultrasound module is applied. It
was defined periods for data acquisition, which

consisted in acquiring the geodetic coordinates of
the vehicle, to calculate the Cartesian coordinates
through the formulas 1, 2, 3 and 4, and the corre-
spondent speed, in order to correlate all data ac-
quired from the other modules with the geographi-
cal location of the stops, thus provide an overview
of the affluence of the bus along its route. Since it
was not possible to use a GPS receiver, an Android
smartphone and a mobile application were used to
acquire all data and to send to the computer device
via Bluetooth.

Rn =
a√

1− f(2− f)(sinφ)2
(1)

x axis = (Rn + h) cosφ cosλ (2)

y axis = (Rn + h) cosφ sinλ (3)

z axis = ((1− f)2Rn + h) cosφ (4)

All data acquired from the sensor modules, and
after being analysed so that the system could re-
trieve the most important fields, are stored in a lo-
cal sqlite3 database in order to persistently store
all the necessary information until they can be sent
to the central system. To minimise the impact on
the vehicle network associated with the transfer of
data to the central system, the connection with the
central database is established only when the bus
approaches the parking lot, namely when it is less
than 100 metres away from it. To calculate the dis-
tance between this two points, bus and garage, it
is used the formula 5.

d =
√

(x1 − x2)2 + (y1 − y2)2 + (z1 − z2)2 (5)

The connection to with the central database is
established through TCP/IP sockets via a Python
API named pymongo.

3.2. Central component
In order to centralise the core system, for data
storage, estimation and reporting purposes, a net-
work attached storage and docker containers were
used. This device was deployed in a home envi-
ronment, and it was reachable through the public
IP address of the Internet Service Provider router,
through port forwarding rules. Each constituent
module runs in a container, separating this way the
different workloads.

For the design of the central database, it has
been taken into account the characteristics of the
non-relational databases, namely the fact that they
focus mainly on the availability and consistency of
the data after writing operations, as well as on the
constant change in the state of the system. From
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the perspective of IoT, as well as of this disser-
tation, it is important that the central database is
horizontally scalable as also flexible and hetero-
geneous, making it possible to add data from new
sensors without having to change its structure [12].
In addition, it has to provide concurrent capabili-
ties, both for writing and reading, in order to min-
imise performance issues in case of an increase
in the number of accesses. For these reasons,
the non-relational database, also called NoSQL,
MongoDB, which stores the data in Binary JSON
format, was chosen. Each BSON document con-
tains key-value pairs, simplifying the process of
analysing and managing the data gathered from
the sensor modules [3].

With regard to the estimation module, only the
data whose instant of time is coincident with the
moments when the vehicle is close to a stop and
in the immobile state are considered. For the data
acquired from the scanning module, all instants are
considered, since the counting of mobile devices is
performed by identifying the same device in at least
two stops. The estimation process is triggered by
a MongoDB feature named change streams, that
allows to perform tasks when changes occur in the
central database, namely the addition of new data.
In the analysis process, the periods of time dur-
ing which the bus was stationary and close to a
stop intended for passenger entry and exit are first
identified within a maximum radius of 15 metres.
With this information, it is possible to restrict the
amount of sensory data and consequently identify
the passage of people under the doors. The esti-
mation using Wi-Fi scanning is carried out with the
data obtained along the entire route of the vehicle,
so it is necessary to identify the first and last in-
stant of time in which a certain mobile device was
identified, as well as the registered signal strength.

To count the passage of users through the ultra-
sound sensors, it is performed an initial data filter-
ing, excluding all the values whose measurements
are between the height of the door minus 120 cm
(example: 200 cm - 120 cm = 80 cm), and 800
cm. The first measurement was chosen so that the
system could account for the passage of children
with more and less 12 years old, while the second
threshold was defined as an indicative limit for the
passage of people, since the wave can be reflected
in an opposite direction of the sensors, due to the
physiognomy of humans, leading to it not being de-
tected and consequently a relative increase in the
wave round trip time value. After the initial filter-
ing, the time difference between two consecutive
measurements is calculated and, to be considered
a passage, the value has to be below 1 second.
The number of entries or exits is then increased af-
ter the next value whose difference to the previous

one is more than 1 second.
Once the users entrances and exits have been

estimated, they are presented on a web page, us-
ing various illustrative elements such as graphs,
cards and maps. The integration of the web page
with the central database is performed through the
web framework for Python, Flask [1], which allows
the data stored in the database to be sent to the
web page, in a JSON format, in order to build the
illustrative elements through the parameters se-
lected by the user, namely the career, route di-
rection and departure time of the vehicle. Altering
these parameters automatically triggers the acqui-
sition of new data from the database and conse-
quently the updating of these illustrative elements.

4. Results & discussion
In order to test the system, two types of tests were
performed: (1) unit tests, to test each module of the
system individually, namely the Wi-Fi scanning, ul-
trasound sensors and location modules, and (2) in-
tegration tests, in order to test the integration of at
least two modules, which in this case, and mainly
due to COVID-19 limitations, were the interconnec-
tion between both bus and central components.

4.1. Unit tests - Scanning Wi-Fi
The unit tests on the Wi-Fi scanning module were
planned to verify the system’s ability to identify the
presence of a given mobile device along the ve-
hicle’s path, recording the first and last instant it
was visible, as well as to verify the ability to recog-
nise the proximity of the mobile device to the AP,
through the recorded signal strength. For this pur-
pose, 3 scenarios were considered: (1) device
never associates to the network, (2) device is asso-
ciated to the network, disassociating for a moment
and then re-associating, and (3) device is always
associated to the network.

In the first scenario, the system was unable to
identify the device, since it generates a random
MAC address frequently when it is not associ-
ated to an AP. This security measure, which is
more common in recent smartphones, makes de-
vice identification and consequently tracking more
difficult. However, it was possible to identify the
proximity of the device to the AP, as the recorded
signal strength was higher compared with the other
devices.

For the second scenario, the system was able
to recognise the presence of the mobile device
even with periods of disassociation and associa-
tion, however, it did not recognise the final asso-
ciation to the network, since no BSSID value ap-
peared in the correspondent field. This behaviour
showed some inconsistency in the results and con-
sequently reduced the confidence in the tool used.

Finally, for the last scenario, it was possible to
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prove that the system was capable to track mobile
devices along the vehicle’s path, as long as they
remains connected to the wireless network.

4.2. Unit tests - Ultrasound sensors
In order to check the performance of the system
using ultrasound sensors, a set of tests were de-
fined, at three different speeds - slow, normal and
fast, to simulate the passage of a person with re-
duced mobility, an adult or child under normal con-
ditions, and a person coming at an accelerated
pace, respectively. For each series, a total of 100
passages were performed, and at the end a bi-
nary evaluation was made to calculate the num-
ber of true positives, false positives and false neg-
atives, in order to compute the accuracy and re-
call, through the formulas 6 and 7, respectively,
and consequently the F-Measure of the system,
through the formula 8 [11].

Precision =
TP

TP + FP
(6)

Recall =
TP

TP + FN
(7)

F1 = 2 ∗ Precision ∗Recall
Precision+Recall

(8)

The F-Measure is balanced metric between the
accuracy of the system, i.e. the number of actual
passages that the system has identified, and the
recall, i.e. the number of actual passages that the
system was able to identify.

Analysing the results presented in the table 1, it
is possible to conclude that the system has an out-
standing ability to identify when a person passes
under the doors, showing F-Measure values above
0.97 for slow and normal passage speeds. It has,
however, some difficult to identify persons when
the speed is considerably faster than normal, which
can be related with the estimation algorithm or with
the measurement frequency of the ultrasound sen-
sors.

4.3. Unit tests - GPS
The third and last of the unit tests, oriented to the
GPS module, had the purpose of evaluating the
system not only in the recognition of the points for
the entrance and exit of passengers, with the re-
spective distance, but also in the duration that the
vehicle was immobilised for this purpose. In this
way, it was defined a route to be travelled by car
with three stopping points to simulate a stop. In
the first two stops it was established approximately
1 minute of permanence, while for the third it was
defined about 30 seconds. To calculate the approx-
imation of the vehicle to the stops, it was used the
Google Maps to gather the exact coordinates of the
previously defined points where the vehicle would

have to remain still to simulate the entrance and
exit of the passengers.

The test consisted of performing the route five
times, making stops in the previously defined loca-
tions, for the time referred to in the previous para-
graph. Once the data had been acquired, the time
spent at these points was calculated, as well as the
minimum distance. In order to evaluate the influ-
ence of the external environment, such as trees or
buildings, it was calculated the standard deviation
of the measured distances.

From the analysis of the table 2 it can be con-
cluded that the system was able to easily recog-
nise the approach of the vehicle to the predefined
stops, although the measurements showed a small
variation. This variation could be related to several
factors, such as the accuracy of the GPS receiver,
weather conditions, or even the proximity to tall
buildings. This last point, can be easily proven with
the measurements from the second stop, where
is standard deviation of approximately 3 metres.
For the other stops the standard deviation is much
smaller, due to the characteristics of the surround-
ing space.

4.4. Integration tests - Bus and central components
interconnection

The purpose of the integration test was to verify the
system’s operation from the data acquisition, by the
sensor modules, until their processing in the cen-
tral component. For this purpose, in this test the
system’s operation was simulated, recording the
first and last data at the time of their acquisition,
as well as the total number of records, in order to
subsequently confirm them at the time of their re-
ceipt in the central component. It was also used
The MongoDB database logs as well as the tshark
tool, in order to check the data transmission be-
tween both system components.

By analysing the events shown at figures 1, 2,
3 and 4, it can be concluded that after the acqui-
sition of the ultrasound data, which occurred be-
tween 12:44:00 and 12:45:00, the bus component
updated the local database, taking around 4 sec-
onds to complete. After this step, and the data
acquisition process was completed, the bus com-
ponent started, at 12:45:05, transferring the data
to the central component, taking in total approxi-
mately 7 to 8 seconds. In the central component,
and after the process of authentication, which took
approximately 2 seconds, the transfer of the infor-
mation acquired was initiated, becoming then avail-
able in the central database for further analysis,
which in this case consisted of checking not only
the first and last record sent, but also the total num-
ber of measurements.
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Table 1: Results of tests from the ultrasound module.

Table 2: Results of tests from the GPS module.

Figure 1: Acquisition of ultrasound data.

Figure 2: Processing of the data received in the central system.

5. Conclusions
From the results presented, it was concluded that
the system is capable of identifying with great pre-
cision and recall the passage of people under the
doors using ultrasound sensors, mainly at slow and
normal passage speeds, presenting F-Measure
values above 0.97 (maximum of 1). It was also
demonstrated that the system as high ability to
identify the location, as well as the time that the
vehicle was stationary, for the entry and exit of pas-
sengers, with a difference of less than 1 meter to
the defined location point, showing a standard de-
viation of 2 to 4 meters.

On the other hand, the tests performed on the
scanning module proved that the tool used did not
correctly identify the presence of mobile devices
without them being associated to the vehicle’s net-
work, thus not representing an added value com-
pared to the analysis of the vehicle’s MIB.

As for the general functioning of the system, it
was possible to verify, with the integration test,
that the system is capable of automatically start-
ing the estimation process after sending the data
to the central component, thus demonstrating the
automation of the system from data acquisition to
its availability to be presented on the web page.

However, it is important to note that the tests
were not performed in an ideal scenario, due to the
limitations imposed by the COVID-19 disease, so
in order to prove the effectiveness and accuracy
of the system in the estimation of people entering
and leaving public transport, it is necessary to im-
plement the system in a real vehicle and perform
the appropriate tests.
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de transporte na Área Metropolitana de Lis-
boa: uma abordagem qualitativa da mobili-
dade. Análise Social, pages 392 – 415, 06
2017.

8


