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Executive Summary 

 

The general goal of Task 4.3 is the development of a smartphone based technology for rail vehicle 
and infrastructure monitoring from within passenger vehicles, i.e. crowd-sourced data collection, to 
increase the regularity and granularity of the monitoring data available. 

Expected results of this task are: 

(i) Developing an app to gather data from the smartphone GPS sensor and its 
accelerometer. This will consider conservation of battery life as a priority to ensure 
viability of the app.  

(ii) Developing a gateway to which the data is transmitted using the phone 3G or Wi-Fi 
connection.  

(iii) Developing an interface for querying of available data (e.g. relational database 
structure). 

All of these results have been delivered and are describe in this report. 

Partners involved in this task carried out the following activities: 

 ADS have coordinated this task and designed and developed the application for low cost 
smartphone devices to acquire information from the sensors, designed and developed the 
relational database support for the query, as well as the communication component (based 
on 3G / 4G and Wi-Fi technologies) between the smartphone app and the relational 
database. 

 The partners RCCF, TU Delft and AFER provided support development of the application 
through training datasets enabling it to be tuned to typical vibrations experienced in the rail 
environment, for obtaining knowledge of how track condition correlates with ride quality, 
and the effect of vehicle suspension related to the vibration data that will be received by 
application. 

Research activities carried out under phase 2 of the Task 4.3 focused on the development, 
deployment and testing of the Low-Cost Smartphone system and of dynamic Web services platform 
support for data collection in order to measure ride comfort and to obtain the track inputs. 

For the design and development of the application, the most recent and relevant standards and 
models for measuring passenger comfort were analysed. Many standards exist for evaluating ride 
comfort such as UIC153, ISO2631-1:1997BS 6841, and ENV-12999. However, after reviewing the 
standards mentioned, in our case, the most relevant is ISO-2631-1:1997. ISO 2631-1:1997 is the 
most precise method and has been adopted by most of the countries and railway companies in the 
world. 

The development of the system was accomplished by carrying out three activities namely: 

 Development of relational databases based on reference model, data model consolidated 
designed on first phase of Task 4.3. 

 Development of mobile application according to specifications involving demarcation of 
functional and technical requirements of the system in concrete terms (functions, 
processing, interfaces, etc.) identified in first phase of Task 4.3. 

Deployment activity has mainly focused on the following actions: 
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 Deployment of the mobile terminal application; 

 Deployment of the system Web services; 

 Deployment of the database of the system; 

 Deployment of the components (business logic) of the reporting web interface. 

System testing was conducted in three sub activities, namely: 

 Defining of the test plan according to the technical specifications; 

 Unit Tests and Component Tests;  

 Prototype test in real conditions. 

An important aspect that has been taken into account in the development of the application for low 
cost smartphone, was conservation of battery life as a priority to ensure viability of the app. In order 
to achieve this goal, the processes of the high energy consumption, of the operating system, have 
been analysed and their use has been optimized as follows: 

 because the acquisition processes from sensors (GPS and accelerometers) are energy-
intensive: 

o to acquire the GPS position, in the developed application was provided the 
possibility of setting the position refresh interval (expressed in seconds); 

o similarly, the application has been done to acquire the information from the 
accelerometer, in this sense the developed application offers the possibility to set 
the thresholds of the revealed data to measure passenger comfort or to measure 
the quality of the running track; 

 since the permanent display of the on-screen application interface is the most energy 
consuming, the application was designed to work in the background during data acquisition; 

 moreover, because the process of data acquisition and storage greatly utilizes the RAM 
memory of the device (the energy-intensive hard component), these processes have been 
designed as asynchronous tasks 

Also, for the increasing autonomy of operation of measuring mobile platform: Smartphone, it was 
completed with an external high capacity accumulator connected via micro USB interface. 

To achieve a 3G/4G or Wi-Fi gateway, was programmed a communication module type Android 
Service which manage data transmission, remotely to a Control Centre. This module run in the 
background and listen to requests for transmitting information, the amount of data requested is 
sent on the same communications support that was received: GSM or Wi-Fi. 

The developed application also provides functions through dedicated graphical controls for:  

 database query; 

 display information in analysis format; 

 commands and queries toward the mobile device, etc. 

Thus, using the developed application, the following benefits can be obtained: 

1. Estimate of cost savings in maintenance and renewals resulting from the application of the new 
smart-phones solution: 

 By analysing the vibrations in time, coupled with the speed of travel at the level of a rail unit, 
the possible defects of the suspension system can be identified more quickly than in the 
case of regular visual inspections. 
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 By analysing the comparisons of rolling speed records, fuel consumption can be reduced by 
adjusting the driving mode without affecting the time schedule  

 By analysing roll velocity data, coupled with Location provided by GPS, can identify failures 
in the track geometry, aspect that cannot be done through periodic visual maintenance 

2. Benefits 

 Increasing attractiveness of train use by improving passenger comfort 

 Furthermore, this innovation may have the following impacts that may not be quantified: 
o Optimization of future activities. The increasing availability of new type of data can 

help to optimize future activities. 
o Track monitoring. The innovation may increase the availability of status of track 

sections, because it eliminates the need to inspect, time to set and check the route. 
This is relevant to include in the assessment if capacity is fully used during parts of 
the day. 

The data collected by this application for low cost smartphone devices will be validated and 
calibrated against data from more conventional sensor systems in T4.6. Also, the analysis of the data 
to extract useful information takes place in T4.5. 

 



D4.6 – Low cost smartphone based track and ride 
quality monitoring technology. 

 

 

NeTIRail-INFRA 

H2020-MG-2015-2015 GA-636237 

2017/08/07 

 

NeTIRail-INFRA PUBLIC Page 6 

 

Table of contents 

 

Executive Summary ................................................................................................................................................ 3 

Table of contents .................................................................................................................................................... 6 

Abbreviations and acronyms .................................................................................................................................. 7 

1 Introduction ................................................................................................................................................... 8 

1.1 Working Methodology .......................................................................................................................... 8 

1.2 Technical Approach ............................................................................................................................... 9 

2 Standards, technologies and techniques for evaluation of ride comfort .................................................... 11 

2.1 Standards ............................................................................................................................................ 12 

2.2 Models and algorithms for evaluation of rail ride comfort ................................................................. 13 

2.3 Current technologies for evaluation of rail ride comfort .................................................................... 17 

3 Requirements for system for track and ride quality monitoring ................................................................. 21 

4 System for track and ride quality monitoring based on Low Cost Smartphone .......................................... 23 

4.1 Development framework for smartphone application ....................................................................... 23 

4.2 Layout of smartphone application ...................................................................................................... 24 

4.3 Functionality description of smartphone application ......................................................................... 27 

4.3.1 Activity for real-time data display and data collection ................................................................... 28 

4.3.2 Activities for setting application ..................................................................................................... 29 

4.3.3 Activities for navigation logs ........................................................................................................... 33 

4.3.4 Activities for graphical display of logs ............................................................................................. 34 

4.4 Security aspects for run smartphone application ............................................................................... 37 

5 Testing of for track and ride quality monitoring based on Low Cost Smartphone ...................................... 40 

5.1 Unit Tests and Component Tests ........................................................................................................ 40 

5.2 Prototype test in real conditions ......................................................................................................... 45 

6 Conclusions .................................................................................................................................................. 49 

7 References ................................................................................................................................................... 51 

 



D4.6 – Low cost smartphone based track and ride 
quality monitoring technology. 

 

 

NeTIRail-INFRA 

H2020-MG-2015-2015 GA-636237 

2017/08/07 

 

NeTIRail-INFRA PUBLIC Page 7 

 

Abbreviations and acronyms 

 

Abbreviation 
/ Acronym 

Description 

ADT Android Development Tools  

AVD Android Virtual Device 

API Application Programming Interface -  is a set of routines, protocols, and tools for building 
software applications 

BI Business intelligence - a set of techniques and tools for the acquisition and transformation 
of raw data into meaningful and useful information for business analysis purposes. 

GIS Geographic Information System 

GPS Global Positioning System 

HAL HAL (Hardware Abstraction Layer) - defines a standard interface for hardware vendors to 
implement and allows Android to be agnostic about lower-level driver implementations. 

IDE Integrated Development Environment  

LBS Location-based service (LBS), are made up of a set of applications that exploit the 
knowledge of the geographical position of a mobile device (smartphone) in order to 
provide services based on that information. 

RESTful Representational state transfer (REST). REST is an architectural style consisting of a 
coordinated set of architectural constraints applied to components, connectors, and data 
elements, within a distributed hypermedia system. 

RDBMS Relational database management system 

r.m.s Root Mean Square, in statistics and its applications, is defined as the square root of mean 
square (the arithmetic mean of the squares of a set of numbers) 

UI User Interface 
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1 Introduction 
This report represents the deliverable: “Low cost smartphone based track and ride quality 
monitoring technology”. 

The objectives of the deliverable are to describe the following: 

 Development activity that provide a general description of the system including system 
functions, user interfaces and database structure; 

 Deployment software that provide a general description of how to install the system and the 
minimum requirements of the terminals; 

 Presenting the laboratory-level test plan based on the defined functional specifications 

 Presenting the test plan for real conditions.  

1.1 Working Methodology  

For research activities performed within the second technical stage of the Task 4.3, the research 
team used the following working methodology. 

 Implementation of current standard related to evaluation of ride comfort focuses on how 
vibration affects passenger comfort 

The work started with the evaluation of standards, technologies, tools, algorithms, solutions and 
techniques used in mobile terminal application and respectively of the Web application design, and 
also of those needed for measuring the acceleration, the force of gravity and rotation by sensors.  

 The system development 

The system development took into account the results of the performed assessment step and 
sought to improve system performance by the defined configuration solution and to consider the 
best algorithms for use in various operational scenarios. The development activities were based on 
the specification of technologies for each type of system functionality, defined in the previous 
phase. 

 Testing of system 

System testability is a measure of how easy it is to create test criteria for the system and its 
components, and to execute these tests in order to determine if the criteria are met. Testability 
allows the isolation of the faults in the system in a timely and effective manner. 

Our testing process are separates the whole process in two steps and helps us to identify and fix 
errors during the development process,  

a) Step I – The internal code quality is the main focus in this quadrant, and it consists of test 
cases which are technology driven and are implemented to support the team, it includes 

o Unit Tests 
o Component Tests 

b) Step II – It contains test cases that are business driven and are implemented to support the 
team.  This Quadrant focuses on the requirements. The kinds of tests performed in this 
phase are: 

o Testing of examples for possible scenarios and workflows 
o Testing of user experience such as prototypes 

 

 System usability  
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Through this quality attribute is pursued how well the system meets the requirements of the 
user by being intuitive, easy to localize and globalize, able to provide good access for disabled 
users and a good overall user experience. 

1.2 Technical Approach 

From point of view of technical approach, the lifecycle (see Figure 1.1) of system consists of the 
following steps: 

1. Requirements - Gathering of the requirements;  
2. Specification - Define functional requirements of the system; 
3. Design - System design; 
4. Implementation - implementation of the system; 
5. Integration - Integration of the components and verification of integrated system; 
6. Maintenance - Maintenance of the system, removal of any abnormal functionalities and 

formulating of the development needs; 
7. Update requirements - Update system requirements and launch a process of its 

development. 

 

 

Figure 1.1 System development lifecycle  

 

In the first phase of this task was achieved the steps 1 to 3, and in current phase, was achieved the 
steps 4 and 5. Steps 6 and 7 will be performed during the test period into Task T4.6 "Validation and 
evaluation of smart technologies". 

The development stage of the application for mobile terminals and Web services of system was 
focused on the following aspects: 
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 Taking into consideration the requirements; 

 Development of the functional system which assume the delimitation of functional; 
requirements in concrete terms namely, internal processing, interfaces that are able to meet 
all requirements; 

 Testing and implementation in detail for each component, including objects and methods to 
be implemented and interfaces to be provided: 

o development of system database; 
o development of communication components of system; 
o development of components of the application for mobile terminals; 
o development of crowd data system. 
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2 Standards, technologies and techniques for 
evaluation of ride comfort 

In this section are presented the currently standards, technologies, tools, algorithms, solutions for 
evaluation of ride comfort. 

According to Richards, G. L. (1), “Comfort has both psychological and physiological components, but 
it involves a sense of subjective well-being and the absence of discomfort, stress or pain”. 

Ride comfort 1 is a person’s reaction to a set of physical conditions in a vehicle environment, such as 
dynamic, ambient and spatial variables (see Figure 2.1). Dynamic variables consist of motions, 
measured as accelerations and changes (jerk) in accelerations in all three axes (lateral, longitudinal 
and vertical), angular motions about these axes (roll, pitch and yaw) and sudden motions, such as 
shocks and jolts. The ambient variables may include temperature, pressure, air quality and 
ventilation, as well as noise and high frequency vibrations, while the spatial variables may include 
workspace, leg room and other seating variables. 

 

 

Figure 2.1 Ride Comfort, set of physical conditions  

 

The evaluation of ride comfort in a conventional train focuses on how vibration and 
acceleration/deceleration affects passenger comfort. 

                                                           

1 Ride quality and ride comfort were defined in the opposite way in Förstberg (1996, 1997a) 
but this usage is in accordance with ISO (1997) and CEN (1996a, 1999). 
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2.1 Standards 

Ride comfort of public transportation is now defined in international standards, such as UIC153 and 
ISO2631-1:1997. 

ISO 2631-1:1997 provides basic evaluation methods based on the crest factor. The standard defines 
the total vibration value of weighted r.m.s. (root mean square) acceleration for all directions in 
respective position. 

Perception of ride comfort according to ISO-2631-1:1997 is presented in bellow table. 

r.m.s vibration level Preceptions 

Less than 0,315 m/s2 Not uncomfortable 

0,315 m/s2 to 0,63 m/s2 A little uncomfortable 

0,63 m/s2 to 1 m/s2 Fairly uncomfortable 

1 m/s2 to 1,6 m/s2 Uncomfortable 

1,6 m/s2 to 2,5 m/s2 Very uncomfortable 

Greater than 2 m/s2 Extremely uncomfortable 

Table 2.1 Perception of ride comfort according to ISO-2631-1 

According to standards ISO-2631-1:1997, the weighted root mean squared (rms) acceleration is 
calculated according to the following formula: 

𝒂𝒘(𝒕𝟎) =  {
𝟏

𝝉
∫ [𝒂𝒘(𝒕)]𝟐𝒕𝟎

𝒕𝟎−𝝉
}

𝟏

𝟐
   Equation 2.1 

where 𝑎𝑤(𝑡) is the instantaneous frequency-weighted acceleration (meters per square second), 𝑡 is 
the time (seconds), 𝑡0 is the time of observation (seconds), and τ is the integration time for running 
averaging (seconds). 

Moreover, by Katrin Strandemar (2005) (2), the ride comfort can be measure using Sperling’s ride 
index, that is calculated according to the following formula: 

𝑾𝒛 = 𝟒, 𝟒𝟐𝒂𝒘,𝒓𝒎𝒔
𝟎,𝟑   Equation 2.2 

where 𝑎𝑤,𝑟𝑚𝑠 is the r.m.s value of the measured frequency-weighted acceleration in meters per 
square second. 

Perception of ride comfort according to Sperling ride index is presented in bellow table. 

Ride Index Wz  Preceptions 

1 m/s2 Just noticeable  

2 m/s2 Clearly noticeable 

2,5 m/s2 More pronounced but not unpleasant  

3 m/s2 Strong, irregular, but still tolerable  

3,25 m/s2 Very irregular 

3,5 m/s2 Extremely irregular, unpleasant, annoying, prolonged exposure intolerable  

4 m/s2 Extremely unpleasant; prolonged exposure harmful  

Table 2.2 Ride evaluation scale as per Sperling ride index 
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Other standards for evaluating ride comfort do exist such as BS 6841, and ENV-12999 (3). However, 
after reviewing the standards mentioned, in our case the best is ISO-2631-1:1997. ISO 2631-1:1997 
is the most precise method and has been adopted by most of the countries and railway companies in 
the world. 

2.2 Models and algorithms for evaluation of rail ride comfort  

Vibrations in trains can be caused by welding and rolling defects, rail joints, poor track alignments, 
various defects/roughness in the track or wheel surfaces, etc. 

Another factor if the traveling speed of the train that can also magnify the amplitude of the 
vibrations the faster the train goes. 

The combinations of these quantities affect the passengers’ perception of ride comfort (see Figure 
2.2). 

 

Figure 2.2 Certain track and vehicle quantities and related motion quantities that have ride comfort and 

discomfort responses (4) 

How different types sections of track, might affect ride comfort: 

 Rail Bridges – crossing over them can have adverse effects on ride comfort. Thus, the train–
track–bridge interaction, the wheel–track roughness is the dominant factor causing ride 
discomfort when crossing a rail bridge. But, the wheel–track roughness is less dominant 
compared to the train–bridge interaction as the speed of the train crossing the bridge increases.  

 Speed traveling - when traveling at low speeds the impact on ride comfort from the bridge itself 
is quite low, rather the condition of the track has the largest impact on ride comfort. As the 
speed increases the act of traversing the bridge, and the consequent change in foundation 
strength has an increasing impact on ride comfort. 

 Stiffness of the bridge supports - ride comfort linearly increases with the stiffness of the bridge 
supports. Motions induced by the train unto the bridge can cause discomfort among passengers 
in the form of vertical and rotational acceleration. Also, the sudden change in the stiffness of the 
track when the train crosses the bridge can cause jerk and other vibrations detrimental to ride 
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comfort. Moreover, enhancing the stiffness of the ballast near bridge ends slightly improves the 
ride comfort in those zones. The motions of the train passing over the bridge can also cause 
excitation of the bridge, which in turn also has an effect on the ride comfort of the passenger 

 Switches and Crossings – Passing over S&C induces motions (increase in vertical vibrations) in 
the train due to the rail track discontinuity in this point. In the case of bypassing of a 
deteriorated turnout a significantly increase of the vibration amplitude can be observed. 

Also, a substantial lateral vibration associated with turnouts may be observed.  

In this respect, turnouts which are poorly aligned or in poor condition can cause significant 
vertical and lateral vibrations and may even cause derailment of the train. 

 Turns and Curves - train turns, induces motions (increase in rotational vibration, see Figure 2.3), 
this vibration is generally reduced due to the presence of cants (where one half of the track is 
super elevated), which enable trains to maintain higher speeds while traversing the curve.  

Also, an increase in lateral vibrations can be observed causing passenger to experience swaying 
when a train passes a curve. This type of vibrations might have a negative impact on ride comfort. 
Sudden jerk might also be experienced due to changes in the curve radii. 

 

  

Figure 2.3 Turns and Curves increase in rotational vibration  

Another major factor affecting passenger comfort are rotational vibration. A smartphone’s 
coordinate system is a relative coordinate system depending on the smartphone’s screen. When the 
mobile phone is placed horizontally and screen is upward, smartphone’s screen center is the origin 
of this coordinate, the direction parallel to the short side of the screen is the x-axis, the direction 
parallel to the long side of screen is the y-axis, and the direction vertical up to the screen is the z-axis 
(see Figure 2.4). The inertial coordinate system in which the rail unit vibration comfort will be 
calculated can be regarded as an intermediate status between the smartphone and the world 
coordinate system, while its origin is identical with the origin of the smartphone’s coordinate system 
and its axes are parallel to the axes of the world coordinate system. Transformation from the 
smartphone’s coordinate system to the inertial system coordinates only needs a rotating operation, 
while transformation from the world coordinate system to inertial coordinate system only needs 
shift operation. 
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Figure 2.4 Android coordinate systems (5) (6), and Vibration model of human body (7) 

The parameters of acceleration and orientation sensor built-in smartphone are listed in bellow table. 

Sensor Data Description 

Acceleration sensor A_values[0] Acceleration along the x-axis (including gravity) 

A_values[1] Acceleration along the y-axis (including gravity) 

A_values[2] Acceleration along the z-axis (including gravity) 

Orientation sensor O_values[0] Azimuth, the angle between x-axis and the magnetic North Pole (0° 
to 360°) 

O_values[1] Pitch, the angle between y-axis and horizontal plane (−180° to 180°) 

O_values[2] Roll, the angle between z-axis and horizontal plane (−90° to 90°) 

Table 2.3 parameters of acceleration and orientation of smartphone sensor (5) (6) 

According to space analytic geometry, the triaxle acceleration is regarded as a vector, whose three 
direction cosines are the cosines of three angles between the vector and the three axes, and then 
the coordinate transformation from the smartphone’s coordinate system to the inertial coordinate 
system will be realized.  

Algorithms for this issue are detail described by Freescale Semiconductor (8). The following formulas 
will explain how to use the cosine matrix to describe the relationship between two vectors, and they 
are also beneficial to understand the principle of acceleration’s space coordinate conversion by 
using direction cosine. 

The calculation of total weighted acceleration RMS for a specific moment of time T (processing 

based 𝒂𝒘(𝒕𝟎) =  {
𝟏

𝝉
∫ [𝒂𝒘(𝒕)]𝟐𝒕𝟎

𝒕𝟎−𝝉
}

𝟏

𝟐   Equation 2.1) is shown in fallowing formula: 

𝒂𝒘𝑻 = √(𝟏, 𝟒𝒂𝒘𝒙)𝟐 + (𝟏, 𝟒𝒂𝒘𝒚)
𝟐

+ (𝒂𝒘𝒛)𝟐 Equation 2.3 

where 𝑎𝑤𝑥 , 𝑎𝑤𝑦, 𝑎𝑤𝑧 and are weighted acceleration RMS of each axials, respectively, and 

coefficient 1,4 is the ratio of the vertical, longitudinal, and horizontal corresponding frequency 
weighted curve in the range of human body’s most sensitive frequency. 
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A three-axis accelerometer mounted in a smartphone oriented in the earth's gravitational field g and 
undergoing linear acceleration 𝑎𝑟 measured in the earth's reference frame r, will have output 𝒂𝑤 
given by: 

𝒂𝒘 = (
𝒂𝒘𝒙
𝒂𝒘𝒚

𝒂𝒘𝒛

) = 𝑹(𝒈 −  𝒂𝒓)   Equation 2.4 

where 𝑅 is the rotation matrix describing the orientation of the smartphone relative to the earth’s 
coordinate frame. 

The orientation of the smartphone can be defined by its roll, pitch and yaw rotations from an initial 
position. The roll, pitch and yaw rotation matrices, which transform a vector (such as the earth's 
gravitational field vector g) under a rotation of the coordinate system of Figure 2.4 by angles φ in 
roll, θ in pitch and ψ in yaw about the x, y and z axes respectively, are: 

 

𝑹𝒙(𝝓) = (
𝟏 𝟎 𝟎
𝟎 𝐜𝐨𝐬 𝝓 𝐬𝐢𝐧 𝝓
𝟎 − 𝐬𝐢𝐧 𝝓 𝐜𝐨𝐬 𝝓

)  Equation 2.5 

𝑹𝒚(𝜽) = (
𝐜𝐨𝐬 𝜽 𝟎 − 𝐬𝐢𝐧 𝜽

𝟎 𝟏 𝟎
𝐬𝐢𝐧 𝜽 𝟎 𝐜𝐨𝐬 𝜽

)  Equation 2.6 

𝑹𝒛(𝝍) = (
𝐜𝐨𝐬 𝝍 𝐬𝐢𝐧 𝝍 𝟎

− 𝐬𝐢𝐧 𝝍 𝐜𝐨𝐬 𝝍 𝟎
𝟎 𝟎 𝟏

)  Equation 2.7 

 

There are six possible orderings of these three rotation matrices and, in principle, all are equally 
valid. The rotation matrices do not, however, commute meaning that the composite rotation matrix 
R depends on the order in which the roll, pitch and yaw rotations are applied. It is instructive to 
compute the values of the six possible composite rotation matrices R and to determine their effect 
on the earth's gravitational field of 1g initially aligned downwards along the z-axis. 

 

𝑹𝒙𝒚𝒛 (
𝟎
𝟎
𝟏

) = 𝑹𝒙(𝝓)𝑹𝒚(𝜽)𝑹𝒛(𝝍) (
𝟎
𝟎
𝟏

) = (

− 𝐬𝐢𝐧 𝜽 𝐜𝐨𝐬 𝝓
𝐬𝐢𝐧 𝝓

𝐜𝐨𝐬 𝜽 𝐜𝐨𝐬 𝝓
) Equation 2.8 

 

𝑹𝒙𝒚𝒛 (
𝟎
𝟎
𝟏

) = 𝑹𝒙(𝝓)𝑹𝒚(𝜽)𝑹𝒛(𝝍) (
𝟎
𝟎
𝟏

) = (

− 𝐬𝐢𝐧 𝜽 𝐜𝐨𝐬 𝝓
𝐬𝐢𝐧 𝝓

𝐜𝐨𝐬 𝜽 𝐜𝐨𝐬 𝝓
) Equation 2.8 can be similarly solved 

for the roll and pitch angles from an arbitrary accelerometer reading 𝒂𝑤  (see 𝒂𝒘=(
𝒂𝒘𝒙
𝒂𝒘𝒚

𝒂𝒘𝒛

) =

𝑹(𝒈 −  𝒂𝒓)   Equation 2.4): 
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𝒂𝒘

||𝒂𝒘||
= (

− 𝐬𝐢𝐧 𝜽 𝐜𝐨𝐬 𝝓
𝐬𝐢𝐧 𝝓

𝐜𝐨𝐬 𝜽 𝐜𝐨𝐬 𝝓
) =

𝟏

√(𝒂𝒘𝒙)𝟐+(𝒂𝒘𝒚)
𝟐

+(𝒂𝒘𝒛)𝟐

(

𝒂𝒘𝒙

𝒂𝒘𝒚

𝒂𝒘𝒛

) Equation 2.9 
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𝐭𝐚𝐧 𝝓𝒙𝒚𝒛 =
𝒂𝒘𝒚

√𝒂𝒘𝒙
𝟐+𝒂𝒘𝒛

𝟐
  Equation 2.10 

𝐭𝐚𝐧 𝜽𝒙𝒚𝒛 =
−𝒂𝒘𝒙

√𝒂𝒘𝒚
𝟐+𝒂𝒘𝒛

𝟐
  Equation 2.11 

 

2.3 Current technologies for evaluation of rail ride comfort  

Research regarding passenger comfort, ride quality or ride comfort in railways has attracted many 
analytical and practical works and has been carried out since the 1940. Currently, research is focused 
on collecting information from the sensors and subsequently processed through various 
mathematical methods of analysis. Below we present the most significant systems and solutions for 
evaluation of the ride comfort. 

 

1. Commercial 12-axis measurement equipment for discomfort evaluation  

 

Figure 2.5 Commercial 12-axis measurement equipment for discomfort evaluation 
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Sensors are installed to seat surface, backrest and floor. The distance of the backrest sensor from 
the seat surface should be about half of the height of the backrest. A floor sensor should be as close 
as possible to feet and aligned with the seat and backrest sensors. 

 

 

 

 

2. The 6-axis sensor configuration for measuring translational and rotational axes from seat 

 

Figure 2.6 Commercial 6-axis measurement equipment for discomfort evaluation  

3. Motion system of the simulator with the outer horizontal and roll motion system for low 
frequency motions and inner motion system (vibration platform) with shakers for high 
frequency vertical and roll vibration. 
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Figure 2.7 Car-driving simulator by VTI was used to provide horizontal and roll motion (9)
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In recent years, the potential for the use of smartphones in enabling passengers to measure ride comfort has drawn a great deal of interest, and a few 
studies have been done using smartphones instead of traditional accelerometers. 

A. 2010 - Validation and improvement of the ISO 2631-1(1997) standard method for evaluating discomfort from whole-body vibration in a multi-axis 
environment - Ykä Marjanen - Doctoral thesis -  Loughborough University, Loughborough, UK 

B. 2012 - Roadroid – Smartphone Road Quality Monitoring - Forslöf, L. - Inventor/CEO Roadroid AB, Sweden, - 19th ITS World Congress, Vienna, Austria, 
22/26 October 2012 

C. 2015 - Suitability of Tilting Technology to the Tyne and Wear Metro System - Darlton, A. O., and Marinov, M. -Urban Rail Transit (2015) - Newcastle 
University, Newcastle upon Tyne, UK 

D. 2016 - Evaluation of Bus Vibration Comfort Based on Passenger Crowdsourcing Mode, January 2016, Hong Zhao, Li-Lu Guo (Lanzhou University of 
Technology, China) and Xiang-Yan Zeng (ort Valley State University, USA) 

E. 2016 – SUMO: Embed application for measurement laboratory aboard a train. Measuring the dynamic behavior of the process in hand and watch the 
geometry of the tracks. SNCF & Ermeo SAS, France 

F. 2017 - RideComfort: A Development of Crowdsourcing Smartphones in Measuring Train Ride Quality, February 2017, Adam Azzoug and Sakdirat 
Kaewunruen, The University of Birmingham, Birmingham, UK 

In the bellow table are presented the similarities and differences between above systems and our system developed in Task 4.3. 

Characteristics Solution A Solution B Solution C Solution D Solution E Solution F NeTIRail Solution 

Standards 
implementation 

ISO 2631-1 (1997) - ISO 2631-1 (1997) ISO 2631-1 (1997) - ISO 2631-1 
(1997) 

ISO 2631-1 (1997) 

Type of data 
collections 

X, Y, Z vibration 
and computed 
weighted 
acceleration RMS 

X, Y, Z vibration X, Y, Z vibration 
and computed 
weighted 
acceleration RMS, 
and 
Roll/Pitch/Yaw 
using rotation 
vector 

X, Y, Z vibration 
and computed 
weighted 
acceleration RMS 

X, Y, Z vibration X, Y, Z vibration 
and computed 
weighted 
acceleration RMS 
and 
Roll/Pitch/Yaw 
using rotation 
vector 

X, Y, Z vibration 
and computed 
weighted 
acceleration RMS, 
and 
Roll/Pitch/Yaw 
using rotation 
vector 

Geolocation data 
collected 

- +, via GPS - - +, via GPS +, via GPS +, via GPS and 
network location 
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Characteristics Solution A Solution B Solution C Solution D Solution E Solution F NeTIRail Solution 

Local data storage + - + + + + +, in SQLite and 
csv format 

Data Communication 
service 

- +, via http +, via http +, via http + - +, via restful web 
service 

Graph report data + + -, using MS Excel +, into the system +, into the 
system 

-, using Matlab +, into the system 

Limitations In the study did 
not develop a 
dedicated 
smartphone 
solution 

Usable only for 
roadside 
monitoring 

The location is 
based on the time 
of recording in 
correlation with 
the metro 
timeline and data 
analysis is done 
using an external 
application (MS 
Excel) 

The location is 
based on the time 
of recording in 
correlation with 
the bus timeline 

The application is 
dedicated to a 
single transport 
network 
 

There is no 
support for data 
collection in a data 
center, data 
analysis is done 
using an external 
application 
(Matlab) 
 

 

Table 2.4 The similarities and differences between recent systems and our system developed in Task 4.3  
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3 Requirements for system for track and ride quality 
monitoring 

The developed system architecture is presented in the Figure 1.1 underlying the different physical 
tiers (system applications) and connection points. 

 

 

 

Figure 3.1 Developed system architecture 

 

At rail unit level (Application for low cost smartphone) different physical tiers of system consist of: 

 Android application service for sensor acquisition data. 

 Android application gateway for data transmission (Adhoc OR Automatic by Scheduler) via 
RESTful-service using the phone 3G/4G or WiFi connection. 

 Basic Android application for local reporting and interrogation data. 

At Control Centre (Application for crowd-data server) different physical tiers of system consist of: 

 Web application for crowd-data server (RESTful service & common database). 

 Reporting web interface for crowd-data server.  
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System requirements were detailed presented in Deliverable D4.5 in section 3, and are summarized 
in the following table. 

 

Application type Application 
Description 

Requirements 

Application for low 
cost smartphone 

The application for 
mobile terminals will 
operate at the Rail 
Unit level 

It will carry out an application that will use components 
included in smartphone, for data acquisition: 
geographical position and intensity of the vibrations 
during the trip 

The increasing autonomy of operation of measuring 
mobile platform: Smartphone. In this aspect, it will be 
completed with an external high capacity accumulator 
connected via micro USB interface. From the viewpoint of 
software application, to reduce consumption, all 
applications and interfaces which have no function in 
activities 

To achieve a 3G/4G or WiFi gateway will be programmed 
a communication module type Android Service which will 
manage data transmission, remotely to a Control Centre. 
This module will run in the background and will listen to 
requests for transmitting information, the amount of data 
requested will be sent on the same communications 
support that was received: GSM or WiFi. 

Application for 
crowd-data server 

The application for 
crowd-data server will 
operate at the Control 
Centre level 

Data is transmitted via the communication module, an 
application will be made that will contain the following 
functional components: data communication, processing 
and storing data received. 

User interface will provide functions through dedicated 
graphical controls for:  

 database query 

 display information in analysis format 

 commands and queries toward the mobile device, etc.  

Table 3.1 System requirements 
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4 System for track and ride quality monitoring based 
on Low Cost Smartphone 

In this task, from the technical point of view, we implementation of location-based service for real - 
time vibration monitoring a railway unit in order to measurement of ride comfort and obtain the 
track inputs. 

In the following sections, we will focus on the description of the smartphone application. This is the 
most important component of system at smartphone level, being responsible for the collection, 
storage and processing data. 

One of the main purposes of the task is to use the low cost smartphone and 90 percent of smart 
phones in this category run the Android operating system. Android platform is a smart mobile phone 
platform launched by Google. 

Android system supports three types of sensors: 

 The first type is motion sensors that measure the acceleration and rotation of a device, e.g., 
accelerometers and gyroscopes. 

 The second type is environmental sensors that give the information about the surrounding 
environment of a device, e.g., barometers, thermometers. 

 The third type is position sensors that provide positional information for a device, such as 
orientation. These include orientation sensors and magnetometers. 

The physical architecture of android systems and of the application developed within this task has 
been described in the previous stage in the Deliverable D4.5 in the section 3.1 “Android architecture 
and Sensor architecture in Android”. From the physical point of view, this application developed 
consists of both the Activities, Services and Local Database. 

 

4.1 Development framework for smartphone application 

For system development was used integrated development environment (IDE) IntelliJ IDEA2 with the 
Android Development Tools (ADT). The ADT extends IntelliJ IDEA with a graphical UI design tool, 
Android debugging, application testing on virtual and physical devices, and digital signing of the 
applications among other things. 

Another important element included in ADT is AVD (Android Virtual Device). The AVD Manager is an 
easy to use user interface to manage your AVD configurations (see Figure 4.1). An AVD is a device 
configuration for the Android emulator that allows you to model different configurations of Android-
powered devices. This tool has been used throughout the development process to test the 
application capabilities on different types of smartphones. 

 

                                                           

2 IntelliJ IDEA - https://www.jetbrains.com/idea/  

https://www.jetbrains.com/idea/
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Figure 4.1 AVD (Android Virtual Device) configurations  

Also, open source libraries have been used, and which have been integrated into the application 
through plugin Gradle3. The main open source libraries used are the following: 

 Joda-Time4 - provides a quality replacement for the Java date and time classes. This library 
was specifically used to convert timestamp provided by GPS into date and time format. 

 jjoe64-graphview5 - is open source graph plotting library for Android. This library was 
specifically used to graphical representation of acceleration data collations.  

4.2 Layout of smartphone application 

For the implementation of the application a unitary layout was used, which is as intuitive and easy to 
use so that the end-user does not need any special knowledge of the application. 

Based on the above-mentioned considerations the layout was implemented Navigation Drawer. In 
Android, Navigation Drawer is a panel that displays Application’s Navigation option from the left 

                                                           

3 Gradle - Gradle is a build tool with a focus on build automation and support for multi-language 
development. If you are building, testing, publishing, and deploying software on any platform. 
https://gradle.org/  

4 Joda-Time: http://www.joda.org/joda-time/index.html  

5 GraphView - http://www.android-graphview.org/  

https://gradle.org/
http://www.joda.org/joda-time/index.html
http://www.android-graphview.org/
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edge of the screen. It is one of the most important and useful UI pattern introduced by the Google 
for developing Android applications. Navigation drawer is a side menu that helps us to organise the 
navigation inside our app. It is a uniform way to access different pages and information inside our 
app. It is hidden most of the time but is revealed when we swipe from left edge of the screen or 
whenever we click on menu/app icon in the action bar. 

The general layout of the application is shown in the figure below. 

 

 

Figure 4.2 General layout of the application 
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Figure 4.3 Main and secondary menu of the application 

 

To individualize the application two logos were made. The first logo is the launch of the application, 
and the second logo is present in the header of the main menu. 

 

 

 

Figure 4.4 Logo of the application 
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To increase the manageability of the dynamic chart, they have been implemented with vertical and 
horizontal scrolling possibilities, as well as 3-way zoom (horizontal, vertical and with lock aspect 
ratio). 

 

 

Figure 4.5 The manageability of the dynamic chart  

 

4.3 Functionality description of smartphone application  

From the technical point of view, application components are the essential building blocks of an 
Android application. There are following four main components that can be used within an Android 
application: 

1. Activities - They dictate the UI and handle the user interaction to the smart phone screen; 
2. Services - They handle background processing associated with an application; 
3. Broadcast Receivers - They handle communication between Android OS and applications; 
4. Content Providers - They handle data and database management issues. 

In our application, activities are structured into four categories: 

1. Activity for real-time data display and data collection;  
2. Activities for setting application;  
3. Activities for navigation logs; 
4. Activities for graphical display of logs. 

In our application, a service has been developed which is responsible for: 

- real-time gathering of information from vibration and localization sensors 
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- local storage of collected data at the session level 
- Internet transmission of data collected at the central server 

4.3.1 Activity for real-time data display and data collection  

This activity is the one that opens when you launch the application. This is the most important 
activity of the application because it is responsible for: 

 Real-time display of sensor status 

 Real-time display, descriptive and graphical, of accelerometer and localization sensors 
information 

 Launching and stopping the data collection service 

The name of this activity is “Sensor monitor”, and are presented in bellow figure. 

 

Figure 4.6 Activity for real-time data display and data collection 

The main dynamic elements of this activity (see Figure 4.6) are the following: 
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 Regarding to GPS status: 
o Led for Location accuracy - this element is presented in three colors (red, orange and 

green), depending on the level of accuracy of the location (Good - accuracy with a 
maximum error of 20m; Average - accuracy with an error between 20m and 100m; 
Poor - accuracy with an error greater than 100 m); 

o Real-time location information – Location provider (Network or GPS), Accuracy of 
location, Latitude, Longitude and Speed; 

o Notification location button - this element is presented in two colors (green and 
red), depending status of Android Location Service (active or inactive) 

 Regarding to Accelerometer status: 
o Real-time 3D acceleration information: horizontal acceleration, lateral acceleration 

and vertical acceleration 
o Real-time Chart representation of 3D acceleration 
o Calibration Button - To maintain accuracy of accelerometer sensor needs to be 

properly calibrated. Depending on where and how it is mounted smartphone the 
direction of the x, y and z axes is automatically set; 

 Regarding the management status of the data collection service – this element is presented 
in two statuses (Start - when the service is off, Stop – when the service in on)  

4.3.2 Activities for setting application  

The main objective of this Activity is to allow users to modify app features and behaviors. Thus, 
through this activity characteristics of common elements (Shared-Preferences) that are used in other 
activities of the application are managed and stored. 

Based on Android API Guide (10), we used Android's Preference APIs to build an interface that's 
consistent with the user preferences common data in other Android Activity (including the system 
settings). Each Preference added by the user, has a corresponding key-value pair that the system 
uses to save the setting in a default Shared-Preferences file for your app's settings. When the user 
changes a setting, the system updates the corresponding value in the Shared-Preferences file for 
them. The only time it should directly interact with the associated Shared-Preferences file is when it 
need to read the value in order to determine our app's behaviour based on the user's setting. 

Within this activity, the common elements (Shared-Preferences) were grouped into four categories, 
namely: 

 Restful API settings 

 Rail unit & Route settings 

 Values record thresholds of Accelerometer settings 

 GPS synchronization frequency 

Thus, for each of the above categories a distinct sub-activity was created. 

The setting activity is launched through the secondary menu of the main activity "Sensor monitor" 
(see Figure 4.7). 



D4.6 – Low cost smartphone based track and ride 
quality monitoring technology. 

 

 

NeTIRail-INFRA 

H2020-MG-2015-2015 GA-636237 

2017/08/07 

 

NeTIRail-INFRA PUBLIC Page 31 

 

  

Figure 4.7 Launching of Setting Activity and Setting Categories Activity 

The sub-activity “Restful API settings” manages the information through which the connection 
between the mobile application and the central server is made, as well as the mode of 
communication (automatic or ad-hoc at the request of the user). This information is used in service 
for collecting data, storage and communication. 

 

 

Figure 4.8 Information managed by "Restful API settings" sub-activity 
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The sub-activity “Rail unit & Route settings” manages the information regarding to the train on 
which the smartphone is installed and the route on which the data is collected. Also, this information 
is used in service for collecting data, storage and communication. 

 

 

Figure 4.9 Information managed by "Rail unit & Route settings" sub-activity 

 

The sub-activity “Values record thresholds of Accelerometer settings” manages the information 
regarding to the thresholds of significant acceleration values on the x, y, z directions from which the 
application starts the recordings.  

Depending on the scenario set by the user, he can fix these thresholds according to the engine noise 
while the train is stationary or can use the thresholds at the level of comfort values as shown in the 
Table 2.1.  

This information is used in service for collecting data, storage and communication and also in activity 
“Sensor monitor”. 
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Figure 4.10 Information managed by " Values record thresholds of Accelerometer settings" subactivity  

 

The sub-activity “GPS synchronization frequency” manages the information regarding to frequency 
of location update. According to Android API Guide (5), frequency of location update depends to two 
parameter minTime (minimum time interval between location updates, in milliseconds) and 
minDistance (minimum distance between location updates, in meters). This information is used in 
service for collecting data, storage and communication and also in activity “Sensor monitor”. 

   

Figure 4.11 Information managed by "GPS synchronization frequency" subactivity  
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4.3.3 Activities for navigation logs 

These activities are responsible for facilitating user navigation in the logs stored in the database of 
the application and selecting the desired log for graphical analysis of the information. This is done 
through two activities, the first for browsing into the database of recordings relative to accelerations 
for the x, y and z directions, and the second for browsing into the database relative to comfort and 
lateral and vertical rotation. 

The setting activity is launched through the main menu of the main activity "Sensor monitor". 

 

 

Figure 4.12 Activities for navigation logs  

 

In addition, logs can also be consulted through the android navigation application in the 
smartphone's storage space. The logs are also stored in .csv format in the “netirailcomfortmonitor” 
directory, and can be opened and viewed with a smartphone office application. 
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Figure 4.13 Open and view the log with a smartphone office application  

 

4.3.4 Activities for graphical display of logs 

These activities are responsible for facilitating user graphical analysis of the information stored in 
the database of the application. 

Also these activities of possibilities to user filtering records by type of information, one type of 
information, couples of two pieces of information or all three simultaneously. More in these 
activities, the maximum and minimum values for each type of information can be consulted. 

These features are shown in the figures below. 

 

Figure 4.14 Layout of Activity for graphical display of vibrations  
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Figure 4.15 Layout of Activity for graphical display of comfort, lateral and vertical rotations 

  

Figure 4.16 Display om max /min values of information for Vibration and Comfort  

 

  

Figure 4.17 Function for filtering information for Vibration and Comfort  
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Figure 4.18 Display filtered vibration information 
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Figure 4.19 Layout of Activity for graphical display of comfort and lateral and vertical rotation  

 

4.4 Security aspects for run smartphone application 

According to descriptions of Android system permissions by Android API Guide (11), Android is a 
privilege-separated operating system, in which each app runs with a distinct system identity (Linux 
user ID and group ID). Parts of the system are also separated into distinct identities. Linux thereby 
isolates apps from each other and from the system. 

Because each Android app operates in a process sandbox, apps must explicitly request access to 
resources and data outside their sandbox. They request this access by declaring the permissions they 
need for additional capabilities not provided by the basic sandbox. Depending on how sensitive the 
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area is, the system may grant the permission automatically, or may prompt the user to approve or 
reject the request. 

Android makes the requests depends on the system version, and the system version targeted by 
your app: 

 If the device is running Android 6.0 (API level 23) or higher, and the app's targetSdkVersion is 
23 or higher, the app requests permissions from the user at run-time. The user can revoke 
the permissions at any time, so the app needs to check whether it has the permissions every 
time it runs.  

 If the device is running Android 5.1 (API level 22) or lower, or the app's targetSdkVersion is 
22 or lower, the system asks the user to grant the permissions when the user installs the 
app. If it adds a new permission to an updated version of the app, the system asks the user 
to grant that permission when the user updates the app. Once the user installs the app, the 
only way they can revoke the permission is by uninstalling the app. 

Consistent with the above, because our application was developed to run on systems with versions 
of Android SDK between 19 (Android 4.4 - KITKAT) and 25 (Android 7.1.1 - Nougat) we implemented 
security policies as follows: 

 For systems with versions of Android SDK between 19 to 22 – we implement the request 
application permissions into AndroidManifest.xml (see Figure 4.20) 

 For systems with versions of Android SDK  23 or lower - we implement the request 
application permissions into code of main Activity of the application (see Figure 4.21). 

 

 

Figure 4.20 Smartphone Application permissions for systems with versions of Android SDK between 19 to 

22 
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Figure 4.21 Smartphone Application permissions for systems with versions of Android SDK 23 or lower  

The permissions required by our application are the following: 

 Internet access - required for communication between the application and the central server 

 Access to network state - necessary to verify correct network operation 

 Allow to fine and coarse location - necessary for access to location service 

 Allow to write on external storage - necessary for write data on Smartphone SD Card 

Specifically, when user will run first time the application (see Figure 4.22), on their screen a 
notification panel will appear with the requesting permission for the application to access the 
services or system resources. If the user does not grant these permissions, the application will stop. 
Moreover, if the user will be check the option "do not ask again", then the application will not be 
started and them will be granted permissions through Application manager. 

 

Figure 4.22 Requesting permission for the application to access the services or system resources  
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5 Testing of for track and ride quality monitoring 
based on Low Cost Smartphone 

The overall objective of the testing is to identify errors, defects and shortcomings in the operation 
and the integrity of the all components of system software, and trigger review procedures for the 
relevant functions and components, in terms of re-design and corrective implementation. 

Our testing process are separates the whole process in two Steps: 

c) Step I – The internal testing of code quality and functionality, it includes 
o Unit Tests 
o Component Tests 

d) Step II – It contains test cases that are business driven and are implemented to support the 
team.  This step focuses on the requirements. The kind of test performed in this phase is 

o Testing of examples of possible scenarios and workflows 

5.1 Unit Tests and Component Tests 

In the testing process conducted over the development of the application all the functional 
requirements presented in Section 3. 

The tester, who is conducting the testing, follows specific steps like: 

 Performing of the activities or tests that are described in the test cases; 

 Recording of the test results in the test case execution logs; 

 Recording of any errors in the error / defect logs. 

The overall testing map is presented below: 

 

Table 5.1 The Overall Testing Map 

A. Pass/Fail criteria 

When conducting a test case, the result may be a success or a failure. The recording of the results is 
made in the test case execution log form.  
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For each identified error, a severity level is assigned, according to the following table: 

Severity 
level 

Effect on the tested function Effect on the overall system 

1 Incomplete or incorrect feature, 
problematic implementation. 

Incomplete operation. The whole subsystem 
or parts of it are not working properly or 
“crash”. 

2 Non-critical or unimportant omission 
or insignificant error in subsystem’s 
operation. 

Insignificant effect in the subsystem’s overall 
performance. 

3 “Decorative” error (e.g. image, word, 
size, etc.) 

Effect only on the usability of the subsystem, 
not on its functionality. 

Table 5.2 Error severity level 

The acceptable thresholds for the reliable operation of the system are the following: 

• There is no problem of severity level “1”. 
• There are less than 4 errors of severity level “2”. 
• There are no more than 8 errors of severity level “3”. 

 

B. Traceability matrix 

The following table presents the correspondence between the identified system functional 
specifications and the test cases: 

Specification 
code 

Specification title Test case code 

S1 Acquisition data by GPS and Accelerometer sensors TC1 

S2 Storage of data collected into local database TC2 

S3 Transmission data via the communication module TC3 

S4 Interrogation and graphical display data collected  TC4 

Table 5.3 List of test case specification 

C. Test cases 

TEST CASE 1 

n. TC1 

Title Acquisition data by GPS and Accelerometer sensors 

Use environment InelliJ IDEA Ultimate 2017.1, AVD for smartphone with display 4,5’, 5’ and 5,5’ 

Brief description 
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Scope 
• Returns all x, y, z accelerations 
• Return all location data (Latitude, Longitude, Speed, Accuracy and Location provider) 
• Read all needed data by the setting data base and correct implementation of this 

Function 
• onSensorChanged() 
• onLocationChanged() 
• setupSensors() 

INPUT 

• onStart()  
• canGetLocation() 
• locationManager.requestLocationUpdates() 

OUTPUT 

• List all x, y, z accelerations 
• List all location data (Latitude, Longitude, Speed, Accuracy and Location provider) 
• Status of Accelerometer sensor 
• Status of location service 

 

TEST CASE 2 

n. TC2 

Title Storage of data collected into local database 

Use environment InelliJ IDEA Ultimate 2017.1, Smartphone Samsung Galaxy S8, Samsung Galaxy S6 
and Allview A5 

Brief description 

Scope 
• Verify right of application to write on external SD card  
• Initialisation of file log 
• Write data collected in file log 

Function 
• checkPermissiosNeeded() 

• initializeFile() 
• exportLogs() 

INPUT 

• x, y, z accelerations  
• location data (Latitude, Longitude, Speed, Accuracy and Location provider) 
• timestamp 
• session ID 

OUTPUT 

• logfile 

 

TEST CASE 3 

n. TC3 
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Title Transmission data via the communication module 

Use environment InelliJ IDEA Ultimate 2017.1, Smartphone Samsung Galaxy S8, Samsung Galaxy S6 
and Allview A5, Windoaws10, IIS server, Micorsoft Visual Studio Enterprise 2015, 
Postgres 9 

Brief description 

Scope 
• Check availability of Resful web service  
• Verify right of application to access Internet network 
• Verify transmission of data collected to Resful web service 
• Write data collected in database of Central Server 

 
Function 

• checkPermissiosNeeded() 

• initializeSessionComunication() 
• exportLogsToNetwork() 

INPUT 

• x, y, z accelerations  
• location data (Latitude, Longitude, Speed, Accuracy and Location provider) 
• timestamp 
• session ID 
• rail unit ID 
• Route ID 

OUTPUT 

• Log data into database 

 

TEST CASE 4 

n. TC4 

Title Interrogation and graphical display data collected 

Use environment InelliJ IDEA Ultimate 2017.1, Smartphone Samsung Galaxy S8, Samsung Galaxy S6 
and Allview A5, Windows 10, IIS server, Micorsoft Visual Studio Enterprise 2015, 
Postgres 9 

Brief description 

Scope 
• Verify access to logs 
• Verify manageability of graph 
• Verify filtering capability  

Function 

• FileLoaderTask() 
• GraphView.addSeries() 

• GraphView.setScalable() 
• GraphView.setScrollable() 
• onOptionsItemFilter() 

INPUT 
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• file log  
• data log 

OUTPUT 

• display data on the graph 
• dynamic graph 

 

D. Test case execution log form 

TEST CASE EXECUTION LOG FORM 

GENERAL INFORMATION 

Test cases TC1, TC2, TC3, TC4 

Date 08/05/2017 

TEST CASE EXECUTION LOG 

Test 
case 

n. 

Pass/ 

Fail 

Specific testing feature  

Error 
n. 

 

Acceptance Comments if not 
accepted 

TC1 Pass 
• onSensorChanged() 
• onLocationChanged() 
• setupSensors() 

0 Yes - 

TC2 Pass 
• checkPermissiosNeeded() 

• initializeFile() 
• exportLogs() 

0 Yes - 

TC3 Pass 
• checkPermissiosNeeded() 

• initializeSessionComuni
cation() 

• exportLogsToNetwork() 

0 Yes - 

TC4 Pass 
• FileLoaderTask() 
• GraphView.addSeries() 

• GraphView.setScalable() 
• GraphView.setScrollable 
• onOptionsItemFilter() 

0 Yes - 
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5.2 Prototype test in real conditions 

The purpose of real-condition testing is to demonstrate the functionality and scalability of the 
system under the conditions required by the requirements of the functional specification. 

Testing was performed on three types of smartphones with different configurations (one of the high 
class, the second in the middle class, and the one of the low class). The hardware features of these 
smartphones are listed in the following table. 

 

 Samsung GALAXY S7 Samsung Galaxy J5  Allview A5 Ready 

Smartphone class High Middle Low 

Network 2G: 850 / 900 / 1800 / 
1900 
3G: 850 / 900 / 1900 / 
2100 
4G: 700 / 800 / 850 / 900 
/ 1800 / 1900 / 2100 / 
2600 

2G: 850 / 900 / 1800 / 
1900 
3G: 850 / 900 / 1900 / 
2100 
4G: 700 / 800 / 850 / 
900 / 1800 / 1900 / 2100 
/ 2600 

2G: 850 / 900 / 1800 / 
1900 
3G: 900 / 2100 

CPU Octa Core Exynos 8890 Quad Core Quad Core 

CPU Frequency 2300 1200 1300 

RAM 4GB 2GB 1GB 

Internal memory 32GB 16GB 8GB 

GPS A-GPS, GLONASS, BeiDou A-GPS, GLONASS, 
BeiDou 

A-GPS 

Display (inch) 5,1 5,2 4 

OS Android 7.0.1 Andoid 6 Android 5.1 

Table 5.4 Smartphone features used in the test  

The test was performed on a vehicle that moved for one hour over a distance of approximately 27 
km. 

In the tests, the following visual and functional aspects were followed: 

 Correct operation of the following functions: 
o calibration sensor 
o real-time display of information 
o start and stop the recording service 

 Uninterrupted operation without crash of application 

 Real-time communication with the central server 

 Collecting and real-time data storage 

 Graphical display of all collected data 
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 Correct filtering of collected data 

 Verifying that the data were collected correctly within the set thresholds 

After testing activities mentioned above were not found to malfunction or blockage of the system. 

The test line is shown below figure. 

 

 

Figure 5.1 Route of test in real condition 

Registration sessions were made from minute to minute in order to be able to represent the graphic 
results (one session contains an average of 60000 registrations). Following the tests in the previous 
section, it was found that a larger amount would lead to possible system crash. 

The following are the most significant diagrams, in which the vibration and comfort records   are 
presented in parallel. 
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Session 29/04/2017 9:55:19 
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Session 29/04/2017 9:59:19 
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6 Conclusions 

This deliverable has presented the system, which was developed for the Task 4.3. 

The standards and the methodology for assessing the comfort were also presented within the 
deliverable. This methodology has been used in embedded software procedures. 

At rail unit level (System for low cost smartphone) different physical tiers of system consist in: 

 Android application service for sensor acquisition data 

 Android application gateway for data transmission (Adhoc OR Automatic by Scheduler) via 
RESTful-service using the phone 3G/4G or WiFi connection 

 Basic Android application for local reporting and interrogation data 

At Control Centre (System for crowd-data server) different physical tiers of system consist in: 

 Web application for crowd-data server (RESTful service & common database) 

 BI application (reporting web interface) for crowd-data server  

Our Systems testing was conducted in three sub activities, namely: 

 Defining of the test plan according to the technical specifications 

 Unit Tests and Component Tests  

 Prototype test in real conditions 

During the testing activities have not found malfunction or blockage of the system. 

As a result of the research carried out, it has been observed that comfort is influenced by the 
following aspects: 

 Rail Bridges – crossing over them can have adverse effects on ride comfort.  

 Speed traveling - when traveling at low speeds the impact on ride comfort from the bridge itself 
is quite low, rather the condition of the track has the largest impact on ride comfort.  

 Stiffness of the bridge supports - ride comfort linearly increases with the stiffness of the bridge 
supports. Motions induced by the train unto the bridge can cause discomfort among passengers 
in the form of vertical and rotational acceleration.  

 Switches and Crossings – Passing over S&C induces motions (increase in vertical vibrations) in 
the train due to the rail track discontinuity in this point. In case of bypassing of deteriorated 
turnout can be observed a significantly increase the vibration amplitude. 

 Turns and Curves - train turns, induces motions (increase in rotational vibration, see Figure 2.3), 
this vibration is generally reduced due to the presence of cants (where one half of the track is 
super elevated), which enable trains to maintain higher speeds while traversing the curve.  

We also estimate that by using the developed systems the following benefits can be achieved: 

3. Estimate of cost savings in maintenance and renewals resulting from the application of the new 
smart-phones solution: 

 By analysing the vibrations in time, coupled with the speed of travel at the level of a rail unit, 
the possible defects of the suspension system can be identified more quickly than in the 
case of regular visual inspections. 

 By analysing the comparisons of rolling speed records, fuel consumption can be reduced by 
adjusting the driving mode without affecting the time schedule  



D4.6 – Low cost smartphone based track and ride 
quality monitoring technology. 

 

 

NeTIRail-INFRA 

H2020-MG-2015-2015 GA-636237 

2017/08/07 

 

NeTIRail-INFRA PUBLIC Page 51 

 

 By analysing roll velocity data, coupled with Location provided by GPS, can identify failures 
in the track geometry, aspect that cannot be done through periodic visual maintenance 

4. Benefits 

 Increasing attractiveness of train use by improving passenger comfort 

 Furthermore, this innovation may have the following impacts that may not be quantified: 
o Optimization of future activities. The increasing availability of new type of data can 

help to optimize future activities. 
o Track monitoring. The innovation may increase the availability of status of track 

sections, because it eliminates the need to inspect, time to set and check the route. 
This is relevant to include in the assessment if capacity is fully used during parts of 
the day. 

In the next period, there will be organized functionality tests under real conditions on test line 
Bartholomeu – Zărnești. Maintenance activity and Update system activity will be performed during 
the test period into Task T4.6 "Validation and evaluation of smart technologies". 
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