
Abstract: The purpose of this research is 
developing a system for crowdsensing vibration 
comfort in smart traffic. The aim of the research 
is to develop a system which enables 
monitoring of vibration in city traffic using 
mobile devices. The developed system for 
measuring vibration includes a mobile 
application for collecting data, a set of web 
services and a non relational database. The 
system was tested with an experiment carried 
out in a city traffic. The results show that the 
developed system can be used for measuring 
vibration in traffic using crowdsensing and it 
allows the community to contribute to comfort 
improvement in city traffic. 

 
Index Terms: smart cities, crowdsensing, 

smart traffic 

1. INTRODUCTION 

HE main problem of vibration in traffic is 
their negative impact on human health, 
because the human body is not created to 

perceive vibration [1]. Due to the influx of the 
rural population into the urban environment, an 
increasing number of people spend a lot of 
time in public transport on a daily basis [2]. 

 
By using Internet of things it is possible to 

precisely collect vibration data. One way to 
collect data about vibration in traffic is through 
crowdsensing technique, which means that a 
large group of individuals who own mobile 
devices collectively share data and extract 
information from them in order to achieve a 
specific common goal, which in this case is to 
achieve a higher level comforts of public 
transport [3]. 

 
The aim of this paper is to develop a system 

for measuring vibration comfort of public 
transport using the crowdsensing technique. 
The system is based on the use of a mobile 
application, which can be used by a larger 
number of people, which enables fast and 
efficient collection of data that can be used for 
more efficient decision making. 

 
 

2. RELATED WORK 

2.1 Smart Cities 

A smart city is an urban space that 
accelerates economic growth, offers high 
quality of life and facilitates citizen participation 
in health, education, utilities, business, 
transport and public security services [4]. In 
this work [5], a smart city is defined as a 
precisely defined geographical area in which 
ICT, logistics, and energy production are 
closely linked in order to create benefits for 
citizens in terms of well-being, improving the 
quality of the environment, and intelligent 
development. With the development of 
smartphones and advanced technologies 
(GPS, microphone, camera, etc.), citizens can 
collect data from urban areas. With these 
technologies, people can be part of smart 
cities and their services [6]. 
 

Areas of application of IoT solutions in smart 
cities can be categorized into several areas of 
application [7]: administration, participation 
program, and public security; buildings and 
houses; health protection; education, 
transport, and energy. Infrastructure of the 
Internet of intelligent devices and services in 
cities can contribute to the optimization of 
traffic, energy consumption, administrative and 
other processes [8]. From the aspect of 
communication, management and data 
processing, the multilayer architecture of the 
Internet of intelligent devices in smart cities 
consists of the following layers [9]:  

• Measurement layer and sensors 
• Network-Centric layer, 
• Cloud-Centric layer, 
• Data-Centric layer. 

 
The lowest Internet infrastructure of 

intelligent devices is the sensor layer. It 
consists of intelligent (smart) devices that 
collect and process information from the 
environment. Such a device must have the 
following physical components [10]: power, 
memory, processor, and communication 
interface. The Network-Centric layer in the IoT 
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infrastructure is responsible for providing a 
communication channel from sensors to the 
Internet, including the use of various 
technologies and network devices such as 
routers, base stations, and more. The Cloud-
Centric layer is responsible for delivering 
available data and services to users. The role 
of cloud technology is to create an 
environment in which the management and 
use of sensors can be offered as a service to 
end users. 

 
The application layer consists of 

applications that use data collected in the 
sensor layer to control various devices and 
smart buildings in the city. 

 
Most of the existing solutions for smart cities 

are based on the integration of wireless 
communication technology, with the goal of 
creating a flexible and scalable infrastructure. 
A special segment in IoT infrastructure is a 
smart city solution that provides customers 
with the mobility and continuity of the network 
connection. The basic requirement is to enable 
use of different access technologies and to 
enable communication with smart devices and 
objects from different locations. 

 
Technologies that enable development of a 

smart city include: internet intelligent devices, 
mobile technology, crowdsensing techniques, 
cloud computing, and big data. 

 

2.2 Smart Traffic 

The goal of smart traffic is to improve traffic 
infrastructure and traffic safety. It includes 
intelligent transport systems, automated traffic 
signaling and smart parking. Traffic control is 
of strategic importance in large cities [11]. 
Internet intelligent devices should provide 
interactive management of a central system 
for monitoring and regulating traffic. On the 
basis of the data obtained, traffic flows can be 
analyzed and improved in real time. The 
problem of traffic congestion is becoming 
serious due to increase in the number of 
inhabitants, the process of urbanization, and 
motorization. The use of ICT and intelligent 
transport systems (ITS) to monitor urban traffic 
can increase safety, make transport more 
efficient, reduce delays, and reduce 
environmental pollution. 

2.3 Crowdsensing Techniques 

Cities that have a predisposition to become 
intelligent can use IoT technologies and 

applications to collect and share real-time data 
[12]. Crowdsensing is a new paradigm that 
uses mobile devices to efficiently collect data, 
enabling the work of numerous large 
applications [13]. It is an ICT tool that focuses 
on different areas such as environment, citizen 
co-operation, urban traffic, health, and social 
networking [6]. The advantage of 
crowdsensing is use of sensory-based 
services [14], which is a cheaper way of 
applying smart cities in cities because they do 
not require expensive infrastructure [12]. 

 
Involvement of people is one of the most 

important features, and human mobility offers 
unprecedented opportunities for sensual 
coverage and data transmission [15]. There 
are two types of crowdsensing:  

• Participatory sensing - requires 
participants to knowingly decide to 
meet application requirements by 
deciding when, where, how, and what 
observation to take.  

• Opportunistic sensing - data from the 
environment is collected through 
applications without actively activating 
users (for example, continuous 
monitoring of Wi-Fi signals only 
requires that Wi-Fi be opened). 

 
Some examples of using crowdsensing 

techniques include measuring pollution levels 
in the city, water levels, and monitoring of 
wildlife habitats. This way of collecting data 
enables mapping of various ecological 
phenomena by involving ordinary people. An 
example of a prototype for pollution monitoring 
is Common Sense [16]. Common Sense uses 
specialized handheld devices to measure air 
quality that communicate with mobile phones 
(using Bluetooth) to measure different air 
enthusiasts (e.g. CO2, NOx). These devices, 
when used on a large population, collectively 
measure air quality at a local or wider level. 
Similarly, microphones on mobile phones can 
be used to monitor the level of vibration in 
communities [17]. 

2.4 Theoretical Frame of Vibration 
Measurement 

Vibration (vibratio - trembling, translated 
from Latin) represent periodic oscillations of 
the body around the equilibrium position. The 
equilibrium position is the position in which the 
body is not exposed to external forces [18]. 

 
Vibration is measured using an 



accelerometer. It is a hardware component 
that is embedded in every smart phone. It 
reacts to the movement of the phone and 
updates each vibration for each axis. In case 
of hibernation of the phone, the X and Y axis 
vibration values will be approximately equal to 
zero, while the Z axis vibration will be equal to 
the gravity force on the phone. In order to 
avoid gravity from the observation itself, it is 
necessary to know in what position the phone 
is located during the measurement so that the 
value of the gravitational acceleration can be 
deducted from the values obtained from that 
axis. When the phone is on the move, the 
measured values represent a summarized 
motion of motion and gravity [19]. 

 
Accelerometer can be used to test soil 

vibration, to determine the vibration of 
workplaces or vehicles, and it finds great 
application in the mobile game industry. 
Manufacturers of same real games use 
movements that are controlled by the tilting of 
the phone, and the data on tilt and speed are 
precisely obtained from the accelerometer 
[19]. 

 
Determining the vibrations of the X, Y and Z 

axes is not enough to consider the effect on 
humans. Namely, it is necessary to perform a 
certain sizing on the basis of which it is 
possible to determine the influence. According 
to the ISO 2631-1 standard, it is first 
necessary to determine the mean square 
deviation [20]. After calculating the mean 
square deviation, it is necessary to determine 
the sum of the vectors of all measured 
vibrations at a specific location, which is 
designated as the total point vibration total 
value (PVTV) [20]. By summing up all total 
values of one-point vibration (PVTV), the total 
vibration total value (OVTV) is obtained [20]. 
Finally, in order to determine the comfort of the 
environment, the total vibration value (OVTV) 
obtained is compared to scale determining 
discomfort. 

 
Discomfort is a subjective feeling that varies 

between individuals, but there is a certain 
consistency [21]. Human perception of 
vibration depends on its characteristics, such 
as strength, duration, orientation and 
characteristics of the people themselves, such 
as height, weight, gender, and age. A person 
in a sitting position (usually the target of a 
survey) senses vibration from 3 locations - 
seat, floor and backrest. Vibration at each 

location is viewed through three axes, X, Y 
and Z, as well as through rotation around 
them, as already explained. The rotational 
impact of the vibration in the backrest and the 
floor can be ignored. [20] 

 
Human body has no single sensor or organ 

that senses vibration, but it has certain 
sensing systems that are sensitive to 
vibrations [22]:  

1) Type - it is possible to detect the change 
in the position of the observed objects 
that occur as a result of shifting the 
head under the influence of vibration 
[22].  

2) Vestibular apparatus - a static organ, 
which is placed in an internal ear which 
serves to maintain the balance and to 
provide information on the position of 
the body in the space [23]. If vibration 
cause head movements, this apparatus 
detects these changes and informs the 
brain about it [22]. 

3) Somatic nervous system - a part of the 
peripheral nervous system that is 
related to skeletal muscles under the 
voluntary control of body movements. It 
consists of afferent nerves that transmit 
impulses to the central nervous system 
[24],  

4) Audit system - a sensory system that 
serves for the sense of hearing. It has 
the ability to detect the change in air 
pressure by more than 20Hz due to 
vibration [22]. 
 

When a man is exposed to vibration, his 
body negatively reacts to them [25]. Reactions 
can be controlled by muscles, but human body 
is not intended to deal with vibration, which 
can lead to health problems. Factors that can 
affect health deterioration due to exposure to 
vibration are cigarette smoking, obesity, 
duration of exposure, etc. [22].  

 
One of the most common problems with 

vibration is lower back pain [26]. In the study 
[27], it was concluded, based on the large 
amount of observations, that vibration 
throughout the body has an impact on the 
occurrence of back pain. If, with the exposure 
to vibration, the lifting of the load is added, the 
effects are even greater. Although clinical back 
pain and lower back pain have never been 
correlated, there is statistically significant 
interdependence between these two 
phenomena.  



In a study [28], conducted on a sample of 
600 citizens exposed to body vibration, it was 
concluded that there is a significant correlation 
between vibration and lower back pain. The 
surveys used for data collection consisted of 
questions related to the private and business 
life of the respondents. 

 
In addition to back pain, vibration has been 

studies as a cause of digestion, hearing, neck 
and shoulder pain, etc. [29]. Pain in the neck 
and shoulders was the subject of certain 
studies, but none succeed in finding the 
correct correlation. In the Ishitake study in 
2002, vibration has been shown to affect the 
digestive tract, but not to the extent that it can 
endanger the health of a healthy person [20]. 

2.5 The Problem of Vibration in Traffic 

In modern society, it is impossible to avoid 
encountering vibrations. Whether you are at 
work, or at home, or in the center of the city, 
you are exposed to the influence of vibrations. 
Whole body vibration by definition is 
transmitted through the accompanying 
surfaces and differs from the vibration 
transmitted from a certain part of the body, for 
example through hand. It occurs in a sitting, 
standing and lying position. In ISO 2631-1, 
most research is related to the seating position 
[20]. 

 
Passengers are irritated by vibration and 

consequently concentration may be reduced, 
depending on the psychological and physical 
condition of the person. For example, reading 
is difficult due to vibration [30]. A large number 
of people use public transport on a daily basis 
to carry out day-to-day activities. Although 
there is no official research that confirms that 
discomfort affects health, the assumption is 
that improving comfort has an impact on 
reducing health risks [20]. 

 
Traffic-induced vibration is one of the ways 

to cause damage to the environment. One of 
these ways is to create cracks in the facades 
of buildings, influence their depreciation, or 
have other impacts on households, etc. [31]. 

 
First of all, there are certain factors that 

influence the vibration itself [31]: 
• quality and structure of sidewalk 
• structure of vibration conductors to 

buildings 
• structure and damage of roads 
• speed and weight of the vehicle 
• duration of exposure to vibration 

• structure of the building (type, number 
of floors) 

• distance from the road 
 
It is very difficult to determine the effect of 

vibration on buildings experimentally, because 
there are many factors that affect the damage 
to the building. Precipitation, wind, man, aging, 
quality of the material, soil are just some of 
them. There are international and national 
standards that determine the allowed level of 
vibration in buildings, and one of the most 
famous is the ISO 4866 from the International 
Standardization Organization [31]. 

 
One way to collect data on vibration in traffic 

is through the crowdsensing technique, which 
implies that a large group of individuals owning 
mobile devices collectively share data and 
extract information from them in order to 
achieve a particular common goal, which in 
this case implies improving the vibration 
comfort of the environment [32]. According to 
classification of this technique referred to in 
[32], this form of crowdsensing is classified as 
an example of ecological crowdsensing in 
terms of the purpose of data collection. 

3. DESIGNING AN IOT BASED SYSTEM FOR 

MEASURING VIBRATION COMFORT 

3.1 Modeling the Architecture of the System 
for Measuring Vibration in Traffic 

It is necessary to develop the infrastructure 
of the system for measuring vibrations in traffic 
using the Internet of intelligent devices. The 
proposed system includes the following 
components: 

1. Mobile cellular architecture  
a. Power supply  
b. Communication modules  
c. Web services  
d. Accelerometer  
e. GPS  

2. Mobile application architecture 
a. Local database  
b. Location services 
c. Accelerometer  

3. Backend  
a. Database  
b. API for client applications  
c. Data processing and analysis 

services 
 
The architecture of the system for 

measuring vibration in traffic using the Internet 
of intelligent devices is shown in Figure 2 and 
developed as a project of the Department of 



Electronic Commerce at the Faculty of 
Organizational Sciences, University of 
Belgrade. 

 

Figure 1 - Architecture of vibration measurement system in 
traffic in smart cities 

 
In the physical layer, data from different 

sources is collected. The data is stored at
Cloud infrastructure through a web service. 
Communication is done through a web 
service. The presentation layer includes web 
and mobile applications. Data is displayed as 
tables, maps and charts. 

 
Mobile stations with GPS and accelerometer 

are connected to the Raspberry Pi device. A 
web server written on the Raspberry Pi device 
allows wireless control of the system. The 
device can be installed in urban transport 
vehicles allowing data collection and 
transmission in real time. 

 
Because of the large amount of data that 

needs to be stored, it is necessary to use an 
unrelated base. The mobile application of the 
mobile station communicates with the 
database through a web service. The web 
application uses data from the database for 
additional analysis and displays the results of 
vibration measurements to users. 

3.2 Designing a Mobile Application 

The mobile application enables manual and 
automatic vibration measurements that store 
time and location data for each measurement. 
Also, the application should provide the user 
with appropriate visualization of the measured 
results and, depending on the level of 
vibration, give the user an assessment of
level of vibration comfort. It is necessary to 
provide insight into the situation on certain 
lines of public transport, as well as on certain 
streets, residential and business buildings.

 
Android applications serve to communicate 

between systems and users. The software 
architecture of this part of the system is shown 
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Figure 2 - Software architecture of the system

 
At the beginning of the process, recording of 

vibration data is performed. Upon completion 
of the recording, the data is stored in the local 
memory of the device and the process of 
analyzing the recorded data is auto
initiated. The analysis of the recorded data is 
done using the Fast Fourier Transformation 
used to record the recorded data in a separate 
representation of the separate frequencies. 
Upon completion of the analysis, the results, 
data, and metadata are sent via the API to the 
cloud. 

 
From the user point of view 

has two ways to use it - 
automatic, with more detailed specifi
below. 

Figure 3 - Use Cases 

 

3.3 Implementation of the Mobile Application

The application is developed in Android 
Studio in the Java programming language and 
is intended for mobile devices that have an 
Android operating system. For simplicity, the 
application is in English. 

 
Projected use cases are implemented as 

follows: 
1) Use Case: Manual measurement

user can choose between 4 locations 
at home, at work, on the bus and in the 

 

Software architecture of the system 

At the beginning of the process, recording of 
vibration data is performed. Upon completion 
of the recording, the data is stored in the local 
memory of the device and the process of 
analyzing the recorded data is automatically 
initiated. The analysis of the recorded data is 
done using the Fast Fourier Transformation 
used to record the recorded data in a separate 
representation of the separate frequencies. 
Upon completion of the analysis, the results, 

are sent via the API to the 

point of view the application 
 manual and 
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Implementation of the Mobile Application 

The application is developed in Android 
Studio in the Java programming language and 
is intended for mobile devices that have an 
Android operating system. For simplicity, the 

ases are implemented as 

Use Case: Manual measurement. The 
user can choose between 4 locations - 
at home, at work, on the bus and in the 



car. After selecting his location, the user 
starts recording by pressing the Start 
button. Storing the location of the mobile 
phone is implemented using Google 
Location API, provided by Google for 
free. The API works by returning the last 
known device location to each location 
request, which is not available only 
when the location is disabled on the 
phone. The graph displays real-time 
vibration changes and is realized with 
the GraphView plug-in. Since there are 
3 axes, the vibration for each of the 
axes is presented with a unique color. 
By pressing the Stop button, the 
recording stops and all collected data is 
sent to the database via the web 
service. 

 

 
Figure 4 – Manual measurement 

 
2) Use Case: Automatic measurement. 

The user initially selects the time interval 
between the two measurements and the 
duration of the measurement. 
Background measurements are made 
through the Background Service which 
is executed at a predetermined interval 
and lasts the selected time period. After 
each measurement, all data collected is 
sent to the database via a web service. 

 

 
Figure 5 - Automatic measurement 

 
Due to the incompatibility of the data for a 

relational database, a Mongo database was 
chosen, which was created on the site mlab, 
which provides service of storing Mongo 
databases on the cloud. The database is set 
up to have its own exposed public API (web 
service) through which it is possible to 
implement all CRUD operations from the 
application itself. As a rule, the documents in 
this database have their primary key - ID, 
which is used for accessing a document within 
the link to the API. 

 
Each user in the database has own 

document in which all recorded vibration is 
stored. Due to the Mongo database structure, 
within the document of each user, there are 
five arrays, for the values measured in the 
bus, car, at home and at work, and one for the 
values measured automatically in the 
background, in which the measurement results 
are stored. Phone location is stored using two 
decimal values - latitude and longitude. 
Vibration is stored as oscillation values for X, 
Y and Z axes in a decimal format. The date 
and time are stored as a text value formatted 
as "dd.MM.yyyy. hh:mm:ss". Within the arrays, 
each element represents one measurement 
result, in which the recorded vibration, the date 
and time, location, and the width and length 
are stored. 

 
In order to access data from an 

accelerometer embedded in a mobile device, it 
is necessary as the activity or service to 
implement the SensorEventListener interface 
and to select an accelerometer as a type of a 
sensor. After registering the sensors, activity/ 
service implements methods onAccuracy-
Changed (Sensor sensor, int precision) and 



onSensorChanged (SensorEvent event). The 
second method is the most important one for 
this application because it contains 
implementation of the logic that is executed 
when a value of vibration on some axis 
changes, which happens very often. For this 
reason, storing the results of the measurement 
in the database is done every second, in order 
to avoid unnecessary overflow of data. 

4. EVALUATION 

Testing of the system was performed from 
August  28th  until September 3rd on the 
public transport line number 17 on the route 
between the stations of François DePere and 
the Marshal Tolbulhin Boulevard at the time 
interval from 12am to 22pm. The values 
obtained were measured in the seated 
position. Summarized results and derived 
parameters are given in the table 1. 

Table 1: Summarized results 

Type of bus Value of vibration 
Old 0.589 
New 0.394 
Total 0.417 
 
Due to inability to find data on the age of the 

vehicle, or any categorization of vehicles in 
public transport, old vehicles are considered 
those which do not possess air conditioning, 
and new ones are the buses that have air 
conditioning. The total value of the vibration 
determines that the bus ride on the number 17 
was overall a bit uncomfortable. 
From the obtained results, it can be concluded 
that the subjective perception of vehicle 
discomfort would be for new vehicles a little bit 
uncomfortable, while for old vehicles it could 
be said to be either a bit uncomfortable or 
completely uncomfortable, depending on the 
individual. 

5. CONCLUSION 

The use of an accelerometer, a hardware 
component embedded in many modern 
smartphones, for discovering impact of the 
environment on human health will surely 
experience a real bloom in the future. 

 
There is no application that uses the 

measurements of vibration comfort of the 
environment mentioned in this paper. For 
example, after manually measuring vibration, it 
is possible to calculate the coefficient and to 
determine the level of comfort of the 
environment according to the scale. It is also 

possible to create reports based on automatic 
measurements and to welcome the user with 
them when they access the application the 
next time, or by notifying them that the report 
is ready. In addition, it is possible to allow user 
to supplement the list of locations to their will 
(adding cottages, trucks, sports centers, clubs 
or cafes in which a user spends his time) or in 
agreement with the public city transport the 
application can allow users to choose the 
exact line of public transport and garage 
number of a certain bus. 

 
In order to increase the level of comfort of 

roads, buildings, and vehicles, it is possible to 
conclude an agreement with competent 
institutions that will present the measured 
vibration and will take appropriate measures of 
improvement in accordance with them. Based 
on the results of the measurements, it is 
possible to determine which streets are the 
biggest problems, which buildings need to be 
better isolated from the road, and which 
vehicles need to be repaired or removed from 
the traffic. 

 
There are many opportunities for further 

exploitation of vibration for reducing health 
risks due to the increasing presence and ease 
of use of mobile devices. It is safe to expect 
that the mobile application industry will be one 
of the main exploiters of this functionality. 
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