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1 ABSTRACT

Smart cities should enable the citizens to utibzailable ressources. One of the goals is the tiuof
individual motorized traffic. However, many citizerstill use cars to get to the location of an cwwtd
activity. As a concrete example we use hiking trgpel identify those that can be reached by public
transport. The result is a map (and a correspon@ilgydata set) showing the hiking locations foiirale
day hiking trip. The concept can be used for vaiather applications although there are still open
questions, e.g., what part of the answer can bmprputed and what should be determined on demand.

2 INTRODUCTION

Garau, Mundula, and Salustri define smart citiesyasems of knowledge (Garau et al, 2014). Howetés,
is only one vision. Smart cities should also bealie neutral (Montlleé et al, 2014), livable, inative, and
sustainable (Wendt et al., 2014). A brief overvimwaspects and ideas has been presented by Bayaeta
al. (2014). One of the general goals, though, ésdfiicient use of available ressources. This igiaisly
space, energy, creativity, and money, but the iegishfrastructure also belongs to these ressoureislic
transportation of any form is part of this infrastiure and if it is used efficiently several goaile addressed
simultaneously because motorized individual traficeduced. This requires less fossile fuel, pceduess
emmissions including noise, and requires less spda&ever, we need better tools to avoid extensipe
durations and make public transportation altereatimore visible. In this paper we show a reachgbili
analysis for hiking paths around Vienna.

There are several databases on hiking paths irriAwstd schedule data for public transport is awéd in
digital form, too. A problem for an interested usethe combination of these sources. Selectingiad
path from a webpage and use a car to get therdmples Checking the possibility to use public
transportation to get to the hiking path may bethating, though since some destinations are rathable
or the trips to the hiking track simply take toodp A user-centreed approach could consist ofdhewing
steps:

(1) User preferences are collected (start locatmaximum duration of the whole trip, hiking length,
difficulty level, etc.)

(2) Possible choices are determined and presentachwap

(3) The user selects a destination and receivesiagéssary information for the trip (required tiske
departure times, etc.)

A similar analysis has been performed by Neis et(2007). They illustrated a web based reachability
analysis in order to assess the housing markeheinfand Pfalz in Germany. They describe the agchire

of the analysis, the calculation, request and mesp@arameters as well as the prototype of theeinoin In
the outlook Neis et al. refer to further potentiaks of web based GIS analysis such as disastegement

or individual tour suggestions for tourists, anadeursued further in this paper. The focus is am th
determination of possibilities. The reachabilityabsis should be able to obey sets of data: theckdh data
which is in fact the travel time of the public teport system and the information on hiking tripg,,ethe
duration. The results of the reachability analysidisplayed on a map and could then be offered agb
service.

The structure of the paper follows the workflowsoich a project. We start with the description dilable
data and services. Then we present the designiatecigsed to simplify the concept. In section 5faais
on the implementation and briefly discuss errordtiag. Results are shown in section 6 and theirugision
concludes the paper.
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3 AVAILABLE DATA AND SERVICES

Analysis requires data and—if the data is accessbl the Internet—methods to access the data.ign th
section the data and services used for the prajealescribed.

3.1 Hiking Data

Data on hiking routes in Austria were provided bytddoractive, a platform for outdoor activities Buas
hiking. In order to get data of high quality, thengpany cooperates with tourism institutions andidp
clubs. According to the information of the Outdatinge website , the platform provides around 95,000
outdoor activity tours (hiking, cycling, and otheutdoor adventures) and corresponding official mape
service provides an API to access the content &8 XML documents . In order to get access to tia d
valid API key as well as a valid project key is essary.

Data on tours or points of interest (POIs) can dguested. Geographical selection is possible based
hierarchical regions:

- Palitical: continent, country, province, districhmmunity
« Tourism: tourism area, custom area
« Nature: mountain area, protected area

Each political area is split into tourism regionsaach tourism region may contain information e t
nature type.

Tour element contains a number of interesting efgése
+ text elements,
+ tour geometry,
 numbers,
« related POls,
« elevation profile,
« and exposition.

Several of these elements are necessary for tbbalkeiity service. Each destination must be lab&edhe
user and the title of the hiking tour is storedtle description. Further important elements incltiake
starting point description, safety guidelines ayuieed equipment. The tour geometry itself is ddoas a
line string of geographical 2D coordinates based Vd®S84 following the OGC (Open Geospatial
Consortium) specifications. Finally, informatiofdiduration, length, elevation, rating, difficuland season
is also available. Difficulty, for example is assed in three classes fom easy to difficult.

3.2 Public Transportation Data

ITS Vienna Region provides the routing platform ‘&hB”. It is a traffic service for Austria with @exial
focus on the federal provinces of Vienna, Lower tiasand Burgenland. The route planner allows to
determine the fastest route between two locati@nsgundividual or public transport. ITS Vienna Rats
emerged from a cooperative telematics project fednby the three federal provinces of Vienna, Lower
Austria and Burgenland and embedded in the pubdinsport association Verkehrsverbund Ost-Region
(VOR) in 2006. Therefore, the data used by AnachBhé¢ same data used by the various branches b€ pub
transportation in the region and the data desciibedchedule up to date, completely, and correctly

3.3 Routing Service

The routing service itself is already availabldT® Vienna Region. It is part of the route plan&tform
“AnachB”. The routing algorithm for public transpavas developed by HaCon, a company specialized on
high-quality software solutions for traffic, tramspand logistics. The timetable information systsmalled
HAFAS. HAFAS contains an external XML-Interface, ialh enables a client to query HAFAS. The routing
request is transmitted to the server in XML formiat the POST method of the HTTP protocol. The serve
processes the request and answers with a respoR$4Li format.
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The server can handle three different request@icAtion validation request checks an address andhse
the closest matches together with the geograpbaraidinates of the location. A connection requsksdor
public transport connections between two pointstaiion board request provides schedule informdtioa
specific station. Finally, an intermodal routingjuest asks for a connection using individual transmodes
such as a car or bicycle or public transport.

4 DESIGN DECISIONS
In order to keep the first prototype simple, selvdesign decisions were made:

« Hiking trips should be finished within a single dagluding the trips to and from the hiking area.
The target group are people looking for a hikirg ¢m a specific day.

« The results are precomputed. Each test if a hilaegtion fulfills above criterion requires several
requests (at least two connection requests). Inettstern part of Austria 1,353 hiking paths are
registered. Thus, if the result is created fronatetr for each user, more than 3,000 requests would
be necessary.

« Reasonable starting locations were selected tovghi@computation. Users starting in Vienna are
assumed to start from a major railway station, Wasthof or Hauptbahnhof. Major train stations
were used for Lower Austria and Burgenland.

- Different schedules on workdays, Saturday, Sundayd, public holydays are included. However,
school holidays were ignored because they vary dmtvihe federal provinces. Schools are closed,
for example, on November 11 in Burgenland and ouweiaber 15 in Vienna and Lower Austria due
to the different patron saint.

- Duration of daylight is ignored, i.e., it may happ#hat a proposed trip requires walking in dark
conditions.

« Public transportation is restricted to rail, traamd bus lines. Although, theroretically airplanes
would also count as public transportation, flyireyNicosia for a 2 hours hiking trip is neither
economically justifyable nor ecologically sound.

Fig. 1 illustrates the idea of a single day trifneTuser starts the trip and returns on the sameSiage
hiking paths do not need to be circular, the stad end point of the hike may vary. This is an adoenefit
when using public transportation.

Day A B today C A Day after
before
Latest arrival time Last departure time

Fig. 1: Travel times and hiking time within one d&yagner, 2015, p. 12).

5 IMPLEMENTATION

Figure 2 shows the concept of the reachabilityysmisl The blue elements represent data in XML-farrita
is either data from HAFAS on public transportatsmmedules or data from the Outdooractive API oimgik
paths. The violet elements indicate the two conoeatequests. The first connection request is semle
server for getting the latest possible public tpamsconnection on a specified day from the endpofrthe
hiking path to the starting location. It does naitter if the first or the last connection is redadsfirst.
Depending on that, either the time calculationr@cpssed in forward or backward direction. The dpgon
here used the backwards computation. The seconéstgsks for the latest possible connection tchréze
hiking destination early enough to go hiking anidl bave a public transport connection back homee T
green elements indicate calculations. The timeutation computes the necessary arrival time forsémond
connection request by subtracting the hiking timemf the departure time of the return trip. The seéco
calculation decides if the trip takes less tharay @nd returns True or False. The grey arrows leztwiee
violet and blue elements represent server-cliemhrgonication and show where the corresponding
information is used.
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XML input 2

Starting location information:
e Addresses from

LocValReq

[
XML input 1
Hiking path information:
« Coordinates,
o time

—_—

ConReq1

<Start> Coord =
<Dest> Address
<Date>
<ConScrollContext type="LAST"/>
Request for LAST public transport connection

XML

ConRes1

Last PT connection
<Date>, <Time>

. Grey arrows mean:
TimeCalc ﬂ y

‘ » Time_ConRes1

- hiking_duration < ‘

= Time_ConReq2 Client

ConReqg2

»<Start> Address
<Dest> Coord =
<Time> =

Request for the latest possible connection to reach
destination by PT

XML

ConRes2
Last PT connection
<Date>, <Time>

Client

I x x
HI : E‘ - HI
[ -

Reachability analysis

if (Date of ConReq1 == Date of ConRes2)
reachability = TRUE

else
reachability = FALSE

Fig. 2: Concept of the reachability calculation @har, 2015, p. 40).

Errors may occur in two different locations of tth@wchart. The first connection request may revibal
there is no public transport connection to the sigecstart of a hiking trip. The same may also pep
during the second connection request for the ptrtt of the return trip (the end of the hiking ipatThe
errors may have two reasons. Either there is ndigotransportation station nearby the given coaaittnor

no connection in general could be found at all. Eeeond case is rare and would reveal unconnected
subnetworks of the public transportation systerne Tifst case, however, results from that fact thiking

trips will rarely start or end precisely at pulliansportation stations. The start or end is sigetlfy a set of
coordinates and the server needs to identify thsesk public transportation station. The servevraatically

sets a request to an individual transport routdickvidentifies the closest public transportatitetion and
computes a walking route. The error occurs if ritable station is found.

6 RESULTS

Fig. 3 provides a geographical overview. The namedbe map indicate the starting locations. Theittay
of the Czech Republic, Slovakia, and Hungary is nepresented because public transportation rousing
restricted to Austrian territory and thus addingliidnal territories could be confusing. Of coursefimes
of international cooperations and open boundasdesgrvice like the one discussed in this paperldhoat
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stop at national boundaries. However, this is anesf service availability and data reliabilitydacan only
be solved by international cooperation.

- Ezhsu

e @
Akl peie i
b Busbahnhof Waidhofen an der Thaya
S ket Thavs
‘Bahnhoffm ind a 3 - ¢ ey
il 'Bh:i‘nrj " '. oy -qahnhoi Horn ¢ fecl Foolert
R o M lohenss m
T # .u__x.‘r,., ‘Bust‘ahnhcﬁ, Zwettl+  Bahnhof, Hollabrunn.’ ;Bahnhof‘ Mistelbach/Zaya
% Basaach e - ! o s R
,d.I Yedervis b i (Caand 4et F[ Bty % 3 ,L&#I P s . 2 eaedit] j . Pt ;:iu:
s glpendlcan S8 ] X st vawed 3 g H
keravukiehen Luccagile | A oy
ALY R &.' & ‘ g "' Bahnhof Krems an der Donau ‘ it ' w
T - B |'|'w|v "

B Fuiprn an

g iy
S e o mrr' . .a.. ” ® Bahnho, TuIlnBah”hOf Kor“e”b“rg Sahvingl, Ghewarmdornt
g Br e Farwin rr il . ’:‘?nlm‘ -} " ’#r’lrn

a4 S S ik 3 Kierling. Bahnhof Klaslerneuburg
Ehorche W it Kl i A g
el o by -+-o Bahnhof Moke 88 P e
T s L T ';. ... e “Hauptbahﬂhof St F'oiteru Wﬁtbahnhof TWién’
Ma-d:'.l::;im'- S ® .,v-.- Bahnhof. Amsle!ten e "':-e “ Hauptbahnhof Wien . >In\':lan
i | 'A.'Fma..‘. oy ; "é“"’. il - """ k=S Bahnhof Nbdhl'lg, U .""-“"
K “amipste gq.wk @ Béhﬁth;i-'SChelbbs- g,-. “.B_ahnhof;".Baden be: Wien . Bahnhof, Bruck an der Leitha
Bahnhﬂf Waidhofer an der Ybbs By e @i ’B‘ahnhof-L”i‘ghfélld'-m it 4';"{ W Bahnhof; Neusiedl am See
faniery  WEhond onw ‘ ‘i.I: R e L st md.‘ Maﬂj
rebdart i a derfhbs A g i
ralsn i el o “:_I_ua‘lu:n:' ® ... “ a® \%’ |: e in Bahnhof Elsenstadi
: - o Bk !* ’} Hauptbahnhof Wiener’ Neustadt. w5 |
° ® et g " b Bahnhof Neunkirchen " BaRAnof: !u*latlersburd b

. { o N e Bl
k'.:;;.‘!;_- iz i A bl .‘ ‘ 1lm‘ g ‘lntt <skara h..-g._:.c".
B Nachs il ek oy ‘ . i i3 B e
Lizzen S dmann s @ el @ g
el ; - e _ng:lm..n:l .. Hr t
e i b3 RN et ol s :Bahnhof, Oberpullendorf
hd g R ’ it de uLeuI 2 H}': oo B <
: .-jD' ek an it ml @
L <y der K caullldlb— B & ‘
e Y e S : H‘,.u,‘y' &
Fhizno e Lottt S Bahnhof, Oberwart
1) "s-er\-urt. e it
mlrchnlei-_-' : P
5 e yeiz i o
o b b _1__I_E?| Laells 4 T il ) [i"-g"lq"k 2}
L b - c}](‘é'lb‘L'l‘]. : a "-"h‘-'i i 3‘““."[!”? *
<} Lo o Ehensakor = '=':e~ “chen
MU e e oty Tl Braz =, GUSS ING
r TR 1':“' .ll:')l‘l'lr e b o] 2r phirche g u”‘.""‘J # e ‘”Q g
Vigisr P e .
Frmsct Fazam - e e @ Bahnhaf Jennersdorf
] [ CETE] ¥ Tehr '*\c_m:_
L& thofe i @ e Rads
Wl M '
Fig. 3: Starting positions (brown pentagons) arkihigi paths (red dots) used in the calculations (Wéag2015, p. 76). Background:
Basemap.at

Fig. 4 shows the results of the reachability analysr the starting location of Westbahnhof in \ian
(indicated by the star in the upper right sect@reen dots represent possible hiking locationslovietiots
represent hikes that do not fit the selection dete.e., the whole trip takes more than a daysthange
spatial pattern is visible between green and yellmis: Sometimes the distance between a yellowaand
green dot is small. The yellow dots then typicaliyw hiking routes where the hiking itself alreadguires
more than a day. Finally, the red dots represdahdnipaths which are not reachable by public trartsp
There also seem to be a correlation between redithamnd distance from the railway system (theckhi
lines in Fig. 4).

The balance between red and green dots may vanytetday. For example, on weekends some lines may

not be served and thus the location is not reaelappublic transportation. This is visualized ig.F’5. The
upper left image represents workdays (Monday -&yidThe upper right image represents Saturdays$hend
lower left image represents Sundays and publiadhgs. In the centre of the images (close to theirsga
point in Vienna), the differences are small. Howeue remote areas patches of red dots pop up daySu
Thus, these locations cannot be reached at algysiblic transportation. However, some hikes thrat a
possible on workdays turn to yellow on Saturdays @nndays because the schedule of public transiporta
may start later or end earlier and the trip catneotompleted within a day.
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Fig. 4: Results for starting location Vienna, Westiizof. Background (Wagner, 2015, p. 77). Basemap.at

7 DISCUSSION AND CONCLUSION

In this paper a reachability analysis for ITS ViariRegion was developed to identify hiking posdieti that
can be completed within a day including hiking d@ralelling by public transport. The first step wias
develop a concept how to combine the data and wdritdria have to be defined to meet the specificat

of ITS Vienna Region. The results show the effettttee design decisions: User preferences were
generalized and therefore the exclusion of hikiogsbilities was mainly based on the availabilitypablic
transportation. However, once this data set islavia, a selection based on arbitrary additionética like
vertical extent, duration, or difficulty of the glare easily possible in a web based end usercatiph. The
same is true for the length of the public transgtérh segments: while a five hour rail travel ar@Daminute
hike would fit in a day, it will probably not bedever choice. However, this step is just an apgilin of
standard multi-criteria selection (e.g., AchatscBid06).

One of the challenges was data supply. The qualithe analysis is determined by the quality of tised
data. Both, up to date schedule data of a wholemewy country and reliable data about the hikiathp are
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required. Schedule data typically is authoritatared reliable. The only difficulty is accessing tla¢est
version. Data on hiking trips is more difficult. i8e aspects like length or vertical profile are obsele.
Others, like duration of the hike vary with persamglved and the weather condition. In additidrere is
no general procedure to collect, harmonize, anegnate this kind of data. Thus every data providay
have different coverage, different attributes, anen different classification based on the attebut
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Fig. 5: Results for starting location Vienna, Westizof (Wagner, 2015, p. 81). Background: Basemap.at

The situation gets worse when planning a transnaltiservice. There is a single point of accesgfdilic
transportation schedule data in Austria but crassidr trip planning typically involves numerous sms of
information. The problems range from different sswconcepts and different time zones to varyingpnal
holidays or the shift of the weekend from Saturdag Sunday to Thusday and Friday in some countries.
Addressing all these issues would be challenging.

Computation time is another challenge. Due to tinmerous requests the calculation of the reachglufit
one starting station to all hiking paths lasts artbd5 minutes for a workday or a Saturday or a Synd
Thus, the average duration of a single requestp@oximately 30 ms. This necessitated the use of
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predefined starting stations. This is not an idadltion for a flexible search instrument. Diffetiation
between elements that should be prepared in adwanttelements that can be determined on the flybeil
necessary.

It has been shown, though, that there are numerikiisg tracks around Vienna that can be reached by
public transport. Making this kind of informatioisible to the citizens can help them make cleveisiens
and this is one of the main goals of smart citieiegions.
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