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ABSTRACT

The paper proves thateasurement innovations in railway infrastructure safety regard not only
the railway transport but also railway surveying. It was found out that the measurement innovation in
the railway infrastructure safety is both the manner of thinking and actingdingl selection of
measurement techniques and methods, as well as development and utilization of a measuring device
that ensures good quality of acquired data. An innovative measurement device called the magnetic
measuring square (MMS$Yas presented alongith adapters for installation of surveying prisms on a
digital or manual track gauge with an adapter allowing for installation of a laser distance meter on a
gauge meter. There were also some factors suggested that influence the changes in contemporary
railway surveying, considering the emerging dilemmas. A component of the railway infrastructure are
the road and railway crossings as well as the pedestrian crossings. It is the priority to ensure safety on
the railway and road crossings. This is a highlgg#aous type of level crossings, especially when it
comes to D category meaning the unguarded crossindhe paper focuses on application of the
author's measurement innovations in the rail transport infrastructure, while referring to geometry of
roadadd r ai |l way crossings. The article pTheastelmt s t he
was prepared as part of the AGH statutory research no. 11.11.150.005.
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1. INTRODUCTION

The measurement innovations in the railway infrastructure safety are faced with
numerous challenges, including the need for increased efficiegr@gter reliability,
optimization of measuring devices and their applications, acquisition ofqeaddy data and
reduction of costs. At the same time, failure to meet those requirements decreases the railway
surveyamdg’  shus t he sr @pabilityaolreathmag padiqular rolbjectives,
including the improvement in mobility and effectiveness of transport. There has been a
measurement device called the magreteasuring square (MMS) developed to reach those
objectives. There have been numes innovative measures assumed, which are already
implemented, and which can be expanded with additional measuring components. There were
also adapters developed for installation of surveying prisms on a digital or manual track gauge
with an adapter alleing for installation of a laser distance meter on a gauge meter. The
measurement innovations in railway infrastructure safety regard not only the railway transport
but also railway surveying (railway geodesy). Including its utilization for tram and
undergound transport. Application of the magneti@asuring square and the manual or
digital gauge meter equipped with surveying prisms and the distance laser meter in the field
of railway surveying and diagnostics is broad. The paper focuses on utilizatitosef
measurement innovations in the geometry of road and railway crossings, which are highly
dangerous, especially when it comes to D categdhe unguarded crossings. One of the
components of the railway infrastructure are road and railway crossingeliass level
crossings, including the devices and systems ensuring safety of road and pedestrian traffic.
Furthermore, the paper demonstrates some f a
rail way surveying. The ewmatians andl eonclpsiorssTaeartisle t h e
was prepared as part of the AGH statutory research no. 11.11.150.005.

2. REVIEW AND ANALYSIS OF SELECTED LITERATURE OF RESEARCH
SUBJECT

In their work [ 1] e n texpodure dailwayMevetredsihgs:n g r |
supporting an argument for lewost level crossing warning devices with lower levels of
safety integrity” the authors presented a ri
on road and railway crossings. They proved the influenckffeirences in safety integrity on
the probability of collision. This model facilitates the comparison of advantages regarding
safety between the railway crossings with passive control and the railway crossings, which
where hypothetically modernized witbonventional or lowcost warning devices. The
scenario presented in the paper [1] shows how the road and railway crossings equipped with
low-cost devices may ensure greater safety when compared to conventional warning devices.
Authors of the paper [1] clai that the number of fatal accidents in Australia, resulting from
collisions between road and railway vehicles, is about 30% (excluding suicides). In Poland,
the percentage share of fatalities according to categories of crossings in 2015 reached 47.3%
on D category road and railway crossings. At the same time, it is noticed in [1] that the
accidents on road and railway crossings and their consequences generate high costs for the
society and railway transport, which is why it is the priority to improvedfel lof safety.
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Aut hors of the paper [4], entitl edoad” Li f ec
Level Crossings: Probabilistic Approach Usir
operators (managers) keep pushing on minimization of thastnficture maintenance costs,
at the same time expecting that is will ensure operation thanks to optimum allocation of
natural and economic resources. They also conclude that the road and railway crossings as
well as the pedestrian crossings are tstandng types of assets that are in service fol80
years. In their article [4], the authors presented an approach that serves as support for the
decision, thanks to which the expert’s knowl
suggested in thegper [4] illustrates some applications of road and railway crossings that are
commonly employed in Austria by Wiener Lokalbahnen. Today, a great challenge in the
railway sector is the increasing goods transport, a larger number of freight cars, grelater loa
to axles accompanied by an increase in speed what requires modernization of the network.
Therefore, railway undertakings remain in their constant strive for modernization of railway
routes to introduce some improvements for the users. The possibksmanespeed improves
the infrastructure availability and attractiveness of the railway transport, what in turn
enhances the sustainable development. The routes modernized in terms of a greater number of
trains, passengers and amount of freight need safeoptimum measures on the road and
railway crossings. It is a challenge for the infrastructure owner or administrator to choose the
road and railway crossings with longer service life and a minimum exploitation cost, at the
same time fulfilling the socialemand for a safe network of infrastructure.

The author of the paper [3], entitled: *“ N
passive protected | evel railroad crossings”’
place on passive road amdilway crossings. They conclude that traffic safety on passive
crossings is highly dependent on the field of visibility. Apart from road signs, the field of
visibility is the only and significant measure ensuring traffic safety on passive road and
ralway cr ossi ngs. I n turn, it is unambiguously
System to Mitigate Loss of Life at Unmanned
valuable. It includes a proposal for development and implementatiorsafiety system on
road and railway crossings. The system is based on communication, the Internet and
embedded systems, i.e. spegiatpose computer system that pose an integral part of the
object that they operate. Development of the-tiga¢ earlywarning system is intended to
serve the railroad crossings in India. The result shown in [6] is provision of visual
communication and a warning against an approaching train.

The paper [1] also proves that the purpose of the efforts made by various researchers
ard practitioners in this sector is to ensure reliability, availability, maintainability and safety
(RAMS) in th whole lifecycle. The authors of [1] conclude that interaction between roads
and railways on the road and railway crossings is a critical pidietmain function of a road
and railway crossing is to ensure fluent and safe passage for motorized transport. The road
and railway crossings combine the requiremer
“r ai | vwsystems iafluence each othdtr.is important that the subsystems and their
components are maintained in good and safe conditions that correspond to safety
requirements of the whole system. To achieve the maximum operability period with minimum
direct and indirect maintenance costs. #erlife of the road and railway crossings depends
on technical and economic factors that exert direct or indirect impact on the whole system.

Aut hors of the paper [ 7], entitl ed: “1 mpr
hazard situations usingvedo based processing’ conclude th
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crossing is a priority issue for the discipline of smart transport systems. The presented video
based approach, intended to detect and evaluate hazardous situations triggered by the users
(i.e. drivers of the vehicles, pedestrians, unguarded objects) who use the railway crossings.
The system detects and tracks the objects on the road and railway crossing via its video
system sensors. Afterwards, there was the Hidden Markov Model developedgedhtend
recognize perfect trajectories of the objects that were detected during the tracing procedure.
The hazard risk level is estimated immediately, by employing the DemfBtsééer data
synthesis technique. There are three hazard scenarios testedlaatedwagainst various real

video sequences: the presence of barriers when passing the road and railway crossings, the
presence of lines of the vehicles that stopped, staggering of vehicles between two closed
semtbarriers).

In turn, the papers [28), discusses the notions regarding the visibility conditions on a
road and railway crossings. In the author's work entitled "Geometry of D category road and
railway crossing" in the 6th Polish Scientific and Technical Conference, Rzeszow, 2847
claimed thatailway crossings pose a specific element of the railway infrastructure. The load
on road and railway level crossings increases the probability of an accident. Safety on road
and railway crossings depends on the condition of its geometry, on behawioesl afsers,
proper execution of tasks by the railway and road infrastructure managers. The paper
discusses the notions related to geometry measurements of the D category road and railway
crossing, with consideration of the authors measurements on theydine 143. The
measurements were done with the magregasuring square (MMS) with:

— asurveying measuring disc,

— an adapter with a laser distance meter,
— the GMP111 minprims,

- arolledup meter,

and Leica TC407 tachymeter no. 697413. The geonmé&gsurements were also supported
by diagnostic works related to the crossings.

In the next author's paper entitled "Measurement of geometric visibility conditions level
railroad crossing”, discusses the notions regarding the visibility conditions on amdad
railway crossingswi t h consi deration of author’s measu
presented results of works regarded the geometric conditions of visibility, which were
obtained by employing the author's adapters that serve for instatbditsnmveying prisms on
a manual or digital gauge meter. The measurements also employed the magnetic measuring
prism working with a measuring disk.

3. CHANGES IN RAILROAD SURVEYING

The railroad surveying means creation of safe and competitive cosditioprovisions
of railway transport services. The measurement innovations in the railway infrastructure
safety are htech as well as caring and ensuring high quality standards for rendering services
on the railway transport market. The contemporary etar&quires an increasing level of
comfort. Not only an immediate response to the emerging problems, but first of all this active
delivery of solutions. And those solutions result in positive changes, development of railway
surveying and guaranteed acqtisi of goodquality data.
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What is specific for railway surveying is the enormous diversity of surveying tasks and
cartographic works. Their results allow, among others, to determined the operation parameters
of the rail way i nf Hirgsronrther cumentdechsmicakecbnelioe. Thes |, r e
ensure forecasts of changes in the technical condition of the infrastructure, regarding the
operation conditions in various time horizons.

The measurement innovation in the railway infrastructure safdigtis the manner of
thinking and acting, including selection of measurement techniques and methods, as well as
development and utilization of a measuring device that ensures good quality of acquired data.
At the same time, it eiys nag,” falsywhe ere’anisn irnairlc
new. The technology is progressing constantly and at an increasing pace, regardless of the
field of operations. Excellence is a feature of those elements that are adjusted to specific
conditions and requirementisaunching a measurement tool on the market, and gaining the
competitive advantaget hese are the benefits from innov
governed not only by prices, but also by quality that they have attached greater significance in
recent yars to, what results from their increased aware@smges in the railway surveying
are modeled through:

1. Active development of research, covering among others: quality of data acquisition,
optimization of measuring devices, automation of the datpiisition and processing
procedures, computerization, development of computational methods and
observations, normalization of technical solutions and procedures, emergences of new
field of application.

Civilization progress and social circumstances.

Legd regulations.

Market requirements.

Economic factors.

Technological advancement: mobile technologies (e.g.: measurement vehicles),
development of electronics and IT, railway diagnostics, miniaturization of measuring
devices.

oOOhwN

Facilitation of methods and tesiques that ensure surveying and diagnostic data
acquisition, is accompanied by development and improvement of the characteristics of the
observed phenomena. Afterwards, these are the values and methodology for development of
the collected data, by adopj adequate measurement devices. Dilemmas of the research in
railway surveying cover among others: quality of surveying networks (quality of the Railway
Surveying Grid— Kolejowa Osnowa Geodezyjna/KOG, including the Railway Special Grid
(fixed point)— Kolejowa Osnowa Specjalna/KOS), optimization, quality and homogeneity of
acquired data related to a status of the existing railway infrastructure, as well as newly
constructed, modernized and expanded objects and devices on railway lines, errors in railway
kilometers. These problems also refer to the notions of legal statuses of reals estates owned by
the Polish State Railway? KP S. A. (Pol ski e Kol eje Panstwow

4. SAFETY OF ROAD AND RAILWAY CROSSINGS

Safety on road and railway crossings depends on behavior of road users, and correct
implementation of tasks by the railway and road infrastructure managers. The tasks under

-298



World Scientific New$89(2017)294-305

implementation by the railway and road infrastructure managers also cover theo$cope
surveying works. Legal regulations determined their duty to guarantee safe operation. The
dilemma of accidents on road and railway crossings results among others from the fact that
Poland is characterized with a great number of road and railway g@essirEurope, as
confirmed by biennial Report "Railway Sefety Performance in the European Union 2016"
European Union Agency For Railways (Fig. 1). The D category road and railway crossings
so-called unguarded are characterized with the highest numloér occurrences. The
irregularities are, among others, improper location of the crossings, improper geometry of D
category road and railway crossings (visibility splays), no cooperation and communication of
information among infrastructure managers, polifoad managers, regarding the performed
audits. Afterwards, theres is the issue of technical and operational documentation of a road
and railway crossing or a pedestrian crossing that is kept improperly in a forrcaliexb
crossing certificates, diffidties experienced by the infrastructure managers in obtaining the
results of traffic intensity measurement from the road managers.

Safety of persons interested in sing the road and railway crossings depends on adequate
qualification of particular railwagrossings to a proper category. This in turn depends on the
current measurement of traffic intensity. There is a need for inspections and benchmarks of
safety conditions, especially on those crossings that were provided with new categories
resulting from achange in exposure factors. Safety on road and railway crossings relies on
standard surveying works what was menti one
geometrycznych warunkédw widdogonpwegoi” pMeapsazr
geometric visibity conditions on a road and railway crossing) and in the article entitled:
“Geometria pradejogodvegbolkajtewor i i D” (Geomet |
railway crossing) during the 6th Polish Scientific and Technical Conference.

Number of level crossings (LCs) per 100 line kilometers (2014)

0
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mPassive LCsper 100 0ine-km S0 7 &4 (6 0 4512 17 17 31 14 44| 9 34 41 46 7 10 9 9 17 77 44 16 21 50|37 29 28 23
w Active LCs per 100 line-km |36 43 16 37 0 4029 38 18 34 8 13 34 13 38 12 24 21 37|26 58 13 26 18 10 32 28 30 10 26
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Figure 1. Number of active and passive level crossings per 10&tmén 2014: active
road and railway crossingprotected with railway traffic operation devices, passive
road and railway crossinggrotected with road signs
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Typical surveying works in case of €ategory railway crossings are, among others:
measurement and identification of crossing angles between a road and railway line,
development of site plans (with measurement and identification of visibility barriers from the
road), crossections, visibily splays for D and E category crossings. Afterwards,
measurements and identification of visibility conditions of the train front from the road, at a
distance of 5, 10 and 20 m. Determination of:

- current longitudinal tilt on the approach fragments to thekir measurement of the
length and width of the crossing, road, road prism, intertrack space (distance between
track centers), etc.,

- geometric condition for location of the level crossing: on a straight track section,
curved track section, straight andwed fragments of a road,

- height of the contact wires of the overhead line,

- distance ofthe 20 “stop” s8B83gri StromndhewGs -cr oss
track rail way ¢I1StssiAmg’T ewr s G ctracksalwayp ef or e
Ccr os s i ntigesexXtrenierad ohthe track,

- status of the land utilities network,

- dewatering condition of the crossing,

- significance of the objects and devices that may limit the influence of visibility in a
right-of-way on a 2ém fragment, from each side of the crogsimeasured from the
extreme rail,

- width and depth of track grooves (flangeway).

5. INNOVATIVE MEASUREMENT DEVICES

A measurement device’' s task is to allow i
with one or several additional devices. A basitponent of a measurement device named
magnetiemeasuring square / MMS is (Patent application: P. 420214): measuring archet, an
adapter of the measuring archet and right/left rail square as well as measurement accessories
(Fig. 2). As it was proven, theeasurement innovation in the railway infrastructure safety is
both the manner of thinking and acting, including selection of measurement techniques and
methods, as well as development and utilization of a measuring device that ensures good
quality of acquied data. Therefore the magnatieasuring square is composed of the left and
right squares. They are a mirror reflection. Based on the mutual complementation principle of
the “left and right hand”. Regar di ngthew he t e«
are employed as a whole or separately. Its versatility and optimization leans on its
compatibility with, among others: various su
disk (with horizontal and vertical millimeter scale), reference sigioallaser scanners, laser
di stance meters, speciali st | aser pointers,
rolled-up meter.

The magnetic and measuring square, regarding the purpose of the measurement, ensures
measurement in reference to the swwament point located 14 mm below the upper running
surface of the raior the lower edge of the rdilead The example of the above is posed by
road and railway crossings where measurement of the flangeways width is carried out 14 mm
below the upper runng surface of the rail head.
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Figure 2. A magnetiemeasuring square: a) components of MMS, b) a measuring archet
with an embedded adapter of the measuring archet
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In turn, measurement of the distance between track centers (intespack) or of
visibility splays is performed at the lower edge of the rail head. Application of the magnetic
measuring square is first of all the measurement of (Fig. 3):

- geometric parameters of tracks and turnouts (Fig. 3c),

- values of horizontal and veréitversines in tracks and turnouts,

- verification of perpendicularity of rails contacts to the track axis,

- crosssection of the rails,

- creeping of the rails (shifts of contactless tracks) on railway lines,

- tracks zeroing,

- subgrade floors,

- curvature of rails

- track width in the intertrack space (Fig. 3a and 3b),

- structure gauge (Fig. 3b or 3d),

- measurement of second differences (gradients) of crossings height or of diamond
crossings,

- leveling of tracks and turnouts,

- planeness,

- integration from adapter moder installing reference signals for scanners.

Results of works carried out with the magnetieasuring square are included among
others in the 6th Polish Scientific and Tewal Conference, Rzeszow, 20

Figure 3. Work modes of a magnetimeasuring sgare: a) MMS with a surveying
measuring disc, b) MMS with the Laser Distance Measuring Device (rangefinder laser), c)
MMS with GMP111 miniprism d) MMS with a rolled up mate
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Figure 4. A manual track gauge equipped with adaptersnistallation of: a) surveying
prisms, b) laser distance meter
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An innovative measurement solution in railway infrastructure safety is also posed by the
adapters developed for installation of surveying prisms on a digital or manual track gauge
with an adamr allowing for installation of a laser distance meter on a gauge meter. It
significantly facilitates these simultaneous works on acquiring data that refer to the basic
geometry of a railway track or turnout, i.e.: width and tilt (cant) of the track, #sawe
additional parameters required in technical inspections of the turnouts. Additionally,
installation of surveying prisms ensures determination of an existing axis of the track and the
turnout track in a form of X, Y, Z coordinates, integrated witrel@etronic tachymeter, and
measurement of the structure gauge with an embedded laser distance meter.

6. CONCLUSIONS

The measurement innovation in railway infrastructure safety covers the areas of
measurement works that are mutually dependentamglementary. Innovation in the sphere
of safety poses a significant factor for improvement in data acquisition quality and proper
operation of railway transport and railway surveying, and thus their development. The
development innovative measurement ides support not only the workers from those
surveying works industries and diagnostic works, but also experts and devahens.
Studies in the field of measurements safety on the road and railway crossings proved that
there is a need to expand the sum®ry actions within the areas, where a safety level is
required.
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