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Abstract: The paper presents arrangements that ensure saiétynof visually impaired people in public placesd sites
intended for transport. An analysis of the currgitdation points to the fact that there is a raabpem in using artificial
guiding lines as for their parameter differentiatio interior and exterior. Some countries do res artificial guiding lines at
all while others overuse them; moreover, they uferdnt parameters and surface. The article shoove logic is applied in
the creation of barrier free environment, wherefieidl guiding lines are an integral part. Furthéne article defines
fundamental features and parameters of the adifigiiding lines in the Czech Republic. The aimhef paper is to propose
a gradual convergence of tactile arrangement systespecially for the guiding lines, which are ohéhe most fundamental
requirements for safe mobility of visually impairpeople.
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1. Introduction

Safety of all pedestrians, not only of the passengéth reduced mobility (PRM), is an important esptaken
into account when assessing the quality of theip@nvironment (Lazou et al., 2015, Susiie2012). Visually
impaired people (the blind, the partially sightééJong among those PRM who need very specific augists
for their movement. The accessibility of the urtemvironment, public transport, and other environisiga
conditioned by specific adjustments that allow thgually impaired to move freely and safely. Indegent
movement and safety play an important role in ifeedf the blind and the partially sighted. It istrpossible to
treat these aspects separately (Matuska, 2009).

To enable the blind to move independently, varitechnical devices utilising new technologies haeerb
worked on in the last few years. For example Surtikal. (2010) conducted an experiment on pedeastri
crossings with traffic lights using the assistieghnology VLC (visible light communication). He assed the
ability of the blind to maintain straight directiavhen crossing the road, and their speed. Thes@anameters
affecting the safety of the blind on pedestrianssiogs are conditioned by the age of the pedestrihe time
and way of losing their sight (from birth, later life, suddenly, gradually). PerakéyiPeriSa, and Remenar
(2015) showed the possibilities of how to increasmbility and safety of the visually impaired withet help of
information and communication technologies. Furthieey presented a dynamic model of guiding thedbtin
an example from the city Zagreb. PeriSa et al. $0dvestigated the utilisation of the RFIBechnology for
guiding the blind in the urban environment (pedastcrossings). Zhou et al. (2012) focused on thisation of
the information & communication technologies enafpleasier access of the visually and physicallyaingg to
public transport. Further, Brian et al. (2012) @&ddthe utilisation of modern technologies in thegess of
guiding the blind in the urban environment. In diddi, Kurian and Pillai (2009) conducted researchtloe
system of guiding the blind inside and outsidedings with the help of ultraviolet rays and digitathnologies
transmitting the information into acoustics.

The blind in the Czech Republic (CR) can make dseravigation centre, whose staff can monitorklied via
the GPS technology, and when needed the staff mfmm him about his position, and tell him the tigh
direction. A research team at the Faculty of EleatrEngineering has been working on the navigasipstem
NaviTerier, designed for mobile phones, which stollp the visually impaired in the CR move fregly
exterior and interior (https://www.fel.cvut.cz/).

Despite all the newest devices and assisting téabies, the blind agree that the white cane reméies
primary and most easily accessible device for agoguinecessary (tactile) information (Brian et &Q12;
MatusSka, 2009). That is why correctly conducteditaadjustments for the blind are of vital importa.
Training of independent movement and spatial oago with a mobility instructor is a prerequisiier an
effective utilisation of the tactile adjustments.

The article aims to explain the logic of the tactdlements (TEs) in the CR and draw attention ¢octfitical
points which should be solved consistently and rimegnlly.

2. Legal environment

The tactile contrast elements for safe guidingheflblind appeared, for the first time, in the [@6s of the 20th
century, in Japan, and from there they spread tofeu(Aoki, Mitani, 2012). The tactile adjustmeffits the
blind are different in each country in terms of Jalesign, and utilisation. There are states witirge variability
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of the used tactile surfaces for the same situatipambiguously defined requirements for prodpecésrailingly
used by the visually impaired (e.g. visual consastd slip resistance).

2.1 Public transport accessibility

The general terms of the air, rail, bus, and watersport accessibility for the PRM are determiriadhe EU,
by the relevant regulations. The PRM are guaranteedight to travel under specified conditionsr Egample
transports or assistance needs requested are tstibjadvance warning of usually 36-48 hours. Thiinty
concerns the wheelchair users. The blind people, dezhnot need any assistance, do not have to réprttrip
in advance. However, it is impossible to guarartkeegiven rights throughout the EU as some countigve
taken the possibility of exceptions e.g. accednuoterminals.

The general requirements for using the TEs for safeement and orientation of the visually impaiied
transport facilities, in the EU railway system, arpart of the Technical Specifications for Inte@bility (TSI
PRM, 2014). Unlike the 1SO standard, the regulafi® PRM is applicable only in the EE&ountries. Tactile
contrast marking must be used for example on plagaand their access paths/roads, on roads letmlictteck-
in halls, or at other places where it is appropridthe TSI PRM defines the general requirementufing the
tactile signs; it does not distinguish betweenatiiicial and natural guiding lines, or other elkamts.

The railway platform tactile adjustments are, imgipal, almost identical throughout the EU. Théesastrip at
the platform edge (usually 800 mm wide) is separdig tactile and colour contrast adjustments. Imeo
countries (not only in Europe) both surfaces withoyes and blisters are used.

In Great Britain, Loo-Morrey (2005) states six diént surfaces with different functions (5 with the
warning function and 1 with the guiding functiomyhat more each surface has a precisely definegattdn
(railway platforms, public transport stops, stajfrayement/ pedestrian crossings, etc.).

In Germany, the basic adjustments for the PRM arelitioned by the standard DIN 18040-3: 2014 or DIN
32984. In Switzerland, the adjustments are conutioby the regulation SIA 500 or SN 640075. In Slda,

this issue is addressed in the directive Ondr@g2011) and Decree No. 532/2002 Coll. The most irgmd
decree in the CR is the Decree No. 398/2009 Cdile Tzech Technical Standards (CSN), which deal with
specific measures such as at pedestrian crossiygs, tracks, railway platforms, crossings, andeathbuild on
this decree.

2.2 Accessibility of the built environment

The international standards 1ISO 23599:2012 and 23&42:2011deal with the tactile and visually costikee
adjustments for the blind at building constructioBsth the standards distinguish the attention guidling
patterns. These two patterns are similar to théleaglements found in European countries. In off&fSIs
installation requirements, the adjustments do mdly fcorrespond to the logic of spatial orientatiof the
visually impaired. The currently set standardstifier CR are only provisional as they do not comply whe law
and relevant implementing regulations, and tectsi@andards.

3. The logic of tactile adjustments for the visuayl impaired in the Czech Republic

In a very simple way, visually impaired people ¢@ndivided into two groups. The first group comesishe
moderate and severely sight impaired people. Thensegroup includes the blind. The ratio of the gvoups

is, according to WHE) 10:1. Each 120th person in the CR is severelyalig impaired.

To ensure their independent movement, it is impotiatransfer the visual information to a combioatof TEs.
The moderate and severely sight impaired people liifferent priorities for the combinations. “A fiafent
number of easily identifiable points, whose conaectcreate guiding lines (GLs), forms the basissafe
movement of the blind or partially-sighted” (Dudinénicka, 2002, p. 5). The ternguiding lin€ is prevailingly
used when designing barrier-free adjustments fervisually impaired at public facilities, public apes, and
transport environment. The adjustments are those pvRvent injuries and loss of spatial orientatioile
simultaneously support the targeted transport tarex and interior. The users of such adjustmangsnot only
temporary and permanently visually impaired pedplé also people who move through large areas asch
transport terminals, or passages of civic facsitiecause it is difficult to orientate in such pecThe fuzzy
logic has proved that artificial guiding lines (A§Lcan be intuitively used by people without angusail
impairment (Kogalova, 2016). For example, if a user is in a gispace for the first time or does not understand
the local language or pictograms, his eyes perdéiwesurroundings more intensively and he intuljiveses the
GLs. Therefore, it can be said that GLs are usedhwider range of people than those whom they were
originally designed for.

“When walking along a guiding line, it is necesstarykeep a 300 - 400 mm safety distance in inteaimt 800
mm in exterior in order to minimise the risk of shéng into obstacles at the waist level and ab@@uka et
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al., 2013, p. 189). A blind person follows the Girgl therefore it is important to maintain a fressage area,
which is min. 800 mm wide and 2100 mm high in irterand 2200 mm in exterior, without any obstacless

is a fundamental problem of all TWSIs. Not knowithg characteristics of the movement of severelyalig
impaired people results in placing obstacles inuhebstructed width. The most common examples oh su
obstacles are promotional items, racks with diggdagoods, tables and chairs placed freely aroued th
refreshment shops, unsecured scaffolding and etioagaincluding technical equipment.

3.1. Natural tactile elements forming guiding lines

Natural tactile elements (NTEs) forming guidingenare created during common construction work yor b
thoughtful arrangements of the sites; they carsei® blind in terms of orientation and wayfindiicxamples of
these NTEs are fence retaining walls, walls ofdings, underpasses, railings with lower guidingshgarden
kerbstones increased by 60 mm above the walkinfgegur Further, while maintaining the safety prifespof
guiding the blind, it is possible to use gardenusiifients which are increased above the walkingseirpalisades,
outdoor planter flower pots, and bases of inforamatir ornamental elements, see Fig. 4. Yet, theg lmbe easily
found and identified by a white cane, and mustdiestant. The legislation of the CR defines thesmehts as 400
mm wide, 300 mm high, 1500 mm (new buildings) cd@.énm (reconstructions) long.

3.2. Artificial tactile elements forming guiding lines

An artificial tactile element (ATE) forming a guidj line guides a visually impaired person with atevttane
safely at places where another guiding is misding. a specially created part of a facility helpithe visually
impaired to orientate and move independently. Atitaining, a visually impaired person is capablé&eédping a
straight walking line up to the distance of 8 mthivi an acceptable deviation, that is why this afise is
incorporated in the Czech standards as a maxinsailple interruption of a guiding line.

The basic requirements for TEs in the CR are: midth 300 mm in interior and 400 mm in exteriorman.
length necessary for directing the visually impairess 1500 mm at new buildings and 1000 mm at
reconstructions, guiding in straight directionjfanital lines cannot be bent, a change in direci®allowed only
in necessary situations and preferably at a rigiglea(90°), crossing of an AGL is done by a flatface (a
paving block without TES) in the width of the line.

The installation of an artificial guiding line museé logical and simple. The atrtificial tactile elems forming a
GL must be, at both its ends, linked to a naturadigg line or an acoustic guiding device (e.g.smoustic
guiding beacon). Ensuring this continuity is a rsseey prerequisite for independent movement ofvibeally
impaired. A continuous line can be formed by visuad TEs or their combination.

3.3.Basic visual elements

A visually contrasting strip, min.150 mm wide, matke edge of the safety distance at the buseyadind tram
stops (500 mm from the edge), is defined by the G3N6425-1:2007. A 150 mm wide yellow strip forms a
warning strip and is a part of a GL on level crogsiailway platforms. The strip is situated 800 rrom the
platform edge, and is defined by the CSN 73 495®2@&nd the Specification of Railway Infrastructure
Administration in Z 8.7, change 2.

3.4. Basic tactile elements

The system of tactile adjustments comprises a aoation of basic elements differing in dimensione(ive
width) and surface (see Table 1). The products ifagrnthe TES cannot be used for any other purpolesse
elements are, in the CR, precisely defined in tesimsaterial, shape and dimensions (see Fig. 4),ranst be
‘the products which comply with the detailed technical and uskaracteristics defined by the Technical Centre
TN TZUS 12.03.04-07. Each element must have a mtoekrification complying with the Government Deere
N0.163/2002 Coll. The material used, in the CRyasinnovative; mostly, it is concrete or stoneipg\wblocks,

or stone blocks forming a mosaic. Paving blocksnfrartificial stone, polymer concrete slabs or ptabelts
(rubber, recycled material, PVC) are used to atdichextent.



Table 1
Basic tactile elements

SURFACE WIDTH [mm] FUNCTION

BLISTERS 150 warning

according to the material used 400 warning

walking areas: truncated cones or _ _ i E— _
hemispherical pins, irregular stumps 800 - 1000 directing, orientation important point
LONGITUDINAL GROOVES 300 inter. / guiding — walking area for pedestrians
cross sections of grooves: 400 ext.

a sinusoidal rib, a triangle, 550 gu|d|ng — vehicular way

a rectangle, or a trapezoid

Source: Decree No. 398/2009 Coll.

Important visual information for the blind has t@ ltransferred to tactile or acoustic informatiorheT
requirement is also applied to road signs, whesectimbination of basic elements signals a changeeitraffic
mode and differentiation of the function groupstba roads; e.g. the differentiation between a pa&rerand a
cycle track or the differentiation between pedastand residential areas and the roads (see Fig. 4)
The sequence of adjustments in parts of buildiragls and public places for the visually impaired:
- the priority is to organise the disposition of dfisient number of appropriate (and clear) orieiatiat
points and NTEs forming GLs,
- itis important to utilise the acoustic guidingdavisual contrasts to improve the orientation gitug
(see Fig. 1)
- an AGL is used only as a complementing elementefiiot and exterior) for ensuring independent
movement.
All the elements must be perceptible by a whiteecamd sole while maintaining the visual and tadtilatrast.
The surface area, at a minimal distance of 250 nem the elements, must be flat and in compliandé tiie
slip resistance requirement. To ensure the tactdgirement, it is necessary to design the paviitgowt any
skews, and with a straight edge, which does natterany gaps noticeable by a white cane (see F8). 2
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« A permanently dangerous
place

« Pedestrian crossings and
places for crossing with the
at-grade kerb, forbidden
entrances, change in the
transport mode

« Width 400 mm, blisters

« visual contrast - mandatory

« An important place in terms of
orientation, way finding

« Access to the pedestrian
crossing and places for crossing,
to the public transport stops,
the platform access to the stairs,
lifts, and subway crossings,
changes in the transport mode

+ Width 800 mm - 1000 mm,
blisters

« visual contrast - specified

« Directing across the vehicular
way at crosswalks and crossing
places

«Width 550 mm, 2x3 or 2x3
longitudinal bars, height 2-4 mm

« visual contrast - without
demands

« The boundaries between the
pedestrian pavement and cycle
or in-line skates track

« Width 300 - 400 mm, blisters

« visual contrast - mandatory

« Railway platforms

« The boundaries of the safety
distance + directing and
informing along the platform

« Width 400 mm, 800 mm from
the edge, longitudinal grooves

« visual contrast - specified

« A complement of the natural
tactile elements if interrupted
by more than 8 m

« Width 300 - 400 mm,
longitudinal grooves

« visual contrast - without
demands

« A complement of the natural
tactile elements in public
facilities

« Width 300 mm

« visual contrast - without
demands

« Only in the underground
»Width 100 mm
« 3 longitudinal ribs

« visual contrast - without
demands

« Underground, marking the
platform edge

« Width 150 mm, blisters

« visual contrast - specified



4. Differences between the Czech Republic and otheountries

The analysis of the current situation in safe qugdif the blind indicates that:

— The majority of European countries currently useLAghd TE made of a wide range ofterial. Stone or
concrete tactile paving is the most widely used drramic tiles and PVC belts, products from polymer
concrete, and stainless steel are also usedneSjovakia (Ondrow, 2011), and in Poland (Paski, 2013).

— The standard 1SO 21542, similarly to some othensnational regulations (e.g. the TSI PRM), defities
colour contrast of the elementsthis is not included in the Czech legislation.eTétandard describes a
simple method of light reflectance value differgnard, for a comparison, other three methods widebd
in the world (Michelson, Weber, Sapolinski). Wheafiding the necessary colour contrast, it is imaotto
take into account the character of the displayé&atimation (orientation or safety).

— Arrarely used TE in Europe is tloeossing directional stripin a vehicular way, which helps to shorten the
time in dangerous places, see Fig. 5 (d). In the ICR only installed at pedestrian crossings, rehié is
difficult to keep the direction: the signal strip mot long enough (< 1 m), the axis of the crossingot
perpendicular to the axis of the road and its lefigjtonger than 8 m, or the crossing comes frasrrtiunded
curbs ofr > 12 m in diameter. It is necessary to maintasablour contrast depending on the material used,
see Fig. 5(a) — (c).

Fig. 5.
Crossing directional strip
Source: J. Koflova

— Surface structuresare unfamiliar with the negative relief (groovetie surface), which is commonly used
in the CR. Such structure is used for guiding tiredbon platforms, or inside terminals.

— Research in V4 countries has proved thetdustic information is important for the visually impaired, yet
insufficiently used (Rights, 2015).

— A wide variety ofguiding patterns is used for the same situations, which are diffior the blind to
remember (one bar, two bars, two triples of baasjmm with 5-7 grooves, a combination of a negatalief’
and steel guiding riband).

— Tactile elementswith an attention patterare not usedh the CR in front of sloping barrier-free rampsian
stairs as the visually impaired are guided by tl&l Afrom the side, to the railing. No tactile elemhshould
create an obstacle for other users (people in whaib, people with physical disabilities and snchildren)
when entering and leaving the ramps, see Fig. €coling to the Czech Statistical Office, there, mehe
CR, six times more people with severe physicalldii@s than visual.

- In the subways, malls, corridors, the TEs are offiturated in the centre of the walking area ang thee not
respect the usable lines of the walls. Shouldldhae increase, the elements rising above the suffagve
reduced durability and create obstacles, see Fig. 7

" milled grooves
8 e.g. on the platform in Warszawa Centralna



Fig. 6. Fig. 7.
TE before a ramp Additional adjustments inrddiltaly
Source: J. MatuSka Source: J. Matuska

5. Conclusions and recommendation
The function of individual elements (different aodiog to the national standards) must not be camfyss the
user safety is the priority. The legislation of m&sropean countries addresses these requiremgaitshe
reality shows the more the information and detadse to be solved additionally, the more incoreeud life-
threating the situations. Instead of a simple fiomatl solution, the result is incomprehensible $averely
visually impaired people and causes restriction®fber users.

NTEs used in interior or on roads are advantagémus
» the blind - as they get permanent information, which is moo®gaisable by the white cane and is less
dependent on the weather and pollution,
« investors— NTEs save financial means spent on adjustmentsaffe guiding of the blind, allow easier
cleaning and maintenance of the walking areas,
e other users of the environment — NTEs do not create any olestafor small children, people in
wheelchairs, people with rollators, crutches, kst etc.).

The process of creating a barrier - free envirortm@ser-friendly) has to take into account not otig
legislation (design and planning) but also therft®s. Long-term sustainability can only take pliacthe cities
with smart municipal politics, with cost-effectivand accessible public transport and the modificatb its
conception; further, with the education of the eipdorming the public environment (transport andiding
civil engineers, architects, representatives oegoments and legislators).

Some good examples are not only seen in some Eamoptes, Japan, the USA and Canada, but alsonres
cities in South America. Therefore, it is necessanyay attention to all the TEs forming tactile $5which are and
will be a necessary part of Design for All.

Experts including the members of the European Blimibn should discuss the following topics: effeofghe
increased use of NGLs in interior and exterior; enats suitable for guiding the blind in interionchexterior;
the unification of basic adjustments for the blawtoss Europe; the use of acoustic informationHerblind.

Abbreviations used:

AGL: artificial guiding line

ATE: artificial tactile element

CR: Czech Republic

CSN: Czech Technical Standard

GL: guiding line

NGL: natural guiding line

NTE: natural tactile element

PRM: passengers with reduced mobility

TE: tactile element

TSI PRM: Technical Specifications for Interoperability pasgers with reduced mobility

TWSI: tactile walking surface indicators
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