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Abstract

This master thesis analyses and evaluates the effectiveness of GTFS (General Transit Feed
Specification)Realtimefeeds of transit data for planning a muttiodal trip in a public
transportation networkRRealtimefeeds can be used to enhance the delayigired. For now,

BCT has establishedlelay predictionusing Realtimefeed internally which predicting the
delays up to 60 minut§s6é Br owar d C o u n in this Workadifferanttdéta seudc2s) )
such as GTFS static and GTRegaltimefeeds andpenStreetMapOSM) road data, will be
integrated into a Routing Graph within the Open Trip Planner (OT&jnework. This
facilitates multtimodal trip planning in a transit network under consideration of static
timetables information as well g@ganningof current and futurérips to observéransit delays

at the time of planning the trip. Moreovénge qualiy and completeness of GTFS Realtime feed
information will be analyzed and visualized in total and per vehigbe. In addition the
accuracy of delay predictions provided as part of GTFS Realtime feed information will be
assessed, visualized for akhide types Finally, the delay data will be compared with and
without outliers showing how the data distribution chandgeslo study areasvere proposed

for this research, namely the Boston Metropolitan Area (Massachusetts Bay Transportation
Authority MBTA) and Broward County, Florida (Broward County Tran8CT). MBTA ha

been chosen as it has bigger area coverage and several transporting modes (Tram, Subway,
Bus, Rail & Ferry).

Keywords GTFS Realtime GTFS static OTP, OSM, delay prediction, public trsit,
transportation networKTripPlanning, MBTA, BCT.
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Introduction

1.1 Motivation

Providing users with transit data updatefRealtimegreatly enhancetheir experience.
Providing upto-date information about current arrival and departure diméows users to
smoothly plan their trips. As a result, in case of an unfortunate delay, a rider would be relieved
to know that they can stay home a little bit londgegaltimefeeds could also be used to enhance

the delay prediction.

GTFSRealtimes afeed specification that allows public transportation agencies to pneatie

time updates about their fleet. Broward County Transit (B@&)tesedthe delay prediction
Realtimefeed internally in predicting the delays up to 60 minte&s Br owar d County
2020)

Such an ecomplishment can enhance the public transportation experience for people by

providing more correct timing information about public transport services.

1.2 General Goals

The overall goal of this project is to evaluate the usability of GRES&Itimedata feeds
provided by public transportation service providers for rmaltidal trip planning. This work
aims to utilize the opesource trip planning framework Open Trip Planner (OTP) with its
ability to combine different data sources into routing graphs, inclUdifigS static, as well as
GTFS dynamic data feeds. OTP is an epeurce and collaborative mapping platform that
facilitates the integration of GTHSealtimefeeds for planning a public transit trip. The routing
graph forms the basis for muttiodal trip planing(Jariyasunangt al.2010)that considers the
Realtime delay information for public transport systems. Such an accomplishment can enhance
the public transportation experience for people by providing more correct timing information

abaut public transport services.



1.3 Detailed description of the research problem

Creating Providing users with current and future expected transit vehicles delays both for
departure and arrival improves their travel experience since it facilitates more aptamaieg
of their trips in the case of travel delays. Public transportation agencies that use GTFS Realtime
feed specifications provide their fleet Realtime updates to users and developers. GTFS Realtime
is a GTFS extension, which is an open data formapélic transportation schedules and
associated geographic information designed by Google and several public transit application
developerf 6 GTFS Real t iemel tOvree v ré&meestly, sRarin@pdedicied
delay information of transit vehicles in Realtime through online feeds is a technical means for
several public transit agencies. Incorporating GTFS Realtime could enhance the accuracy of
the transporapplications, such as trip planners, and will make these trip planners more reliable
and competitive compared to other ways of transportation. Until now, the effectiveness of
Realtime feeds' is still not well utilized. Earlier studies focusing on simoganod observed
delays in bus networks revealed that using such novel methods for trip planning render only
marginal improvement of route effectiveness compared to trip planning based on static
information methodgéHickman and Wilson 1995Another study found that tiealtime feeds
are incomplete and predicted delays are erron@iaeseret al.2015) possibly due to the early
stage 6 implementation of that system, which rendered it unsuitable for Realtime routing

applications and comparison to static trip planr{fdginer 2014)

On the one hand, the Massachusetts Bay Transportation Authority (MBTA) provides has
GTFS Realtime data that provides trip updates, live alerts, vehicle location, and- arrival
prediction data in an induststandard format as separate files. GTFS Realtintess for
retrieving data for the entire system at once in relatively small packages but must be spatially
extrapolated using the agency's GTFS data to be meaningful. Their data includes subway, bus,
commuter rail, and ferry 6 MBTAG. 2020)

On the other hand, Broward County Transit (BCT) recently equipped all its buses with
positioning and telemetric units, which allows Realtime tracking of its bus fleet. Basigid,on
BCT had a GTFS Realtime feed system developed through aptinityl vendor. This system
provides delay prediction for up to 60 minutes. Because the feed is still in the testing phase, it
has not been yet released for public consumption. It is, hoywexeected to become available

soon.



GTFS Realtime data feeds can be integrated into routing computations within OTP. OTP
can combine different data sources into a routing graph, which builds on time table data and
spatial information about routes andt from static GTFS data, GTFS Realtime data feeds
for public transit delays, and OSM data extracts that connect the transit with the road network.
The routing graph is then used as the basis for i/mdtal trip planning that considers the

Realtime delaynformation.

These statements lead to the following research objectives:

l. Integration of different data sources (GTFS, OSM) into a routing graph within the

OTP framework

Il. Evaluation of the accuracy of delay prediction throzayhparison with posterior trip

characteristics for a selected set sample set of trips and different user scenarios

lll. Exploration of the accuracy of existing arrival and departure prediction methods, e.g.
artificial neural networks on public transp&galtime feeds by comparing these results with

the VehiclePositions feeds from GTFS Realtime data feed.

IV. Potential combination of a public transport Realtime information system and incident
management system for BCT since in that system Realtime fegaia can currently not
remove schedule times for buses that have been suspended e.g. due to mechanical or other

issues

1.4 Research questions

This earlier problem description leads to the following questions:

1 What is the feasible accuracy of the public $fzort delay prediction when comparing
it with a posteriori trip characteristics (e.g. the observed vehicle positions at a later point
of time) for a selected set sample set of trips (e.g. metro and bus trips for selected lines)
and different user scenarifesg. have or not have access to a smartphone during a trip)?

1 What is the feasibility of applying existing bus arrival prediction methods, e.g. artificial
neural networks on public transport Realtime feeds? and, if feasible, compare these

results with theaccuracy of the presently used GTFS Realtime data feeds.

10



1 How can we combine a public transport Realtime information system with an incident
management system (as Realtime data feeds currently do not have the ability to remove
schedule times for buses thave been suspended e.g. due to mechanical or other

issues)?

15 Methodological Considerations

Setting up the OTP, the transformation of the GTFS feed, the combination of different data
sources into a routing graph, as well as data extraction of OSM tireatdhe transit with the
road network is considered. The routing graph is then used as the basis fenoadalkitrip
planning under consideration of Realtime delay information next to the evaluation of delay
prediction. Also, the feasibility to apply isting bus arrival prediction methods on MBTA or
BCT Realtime feeds and compare these results with the accuracy of the presently used by
MBTA or BCT GTFS Realtime data feed. So far, most of the local transit companies only
provide static GTFS although, semagencies offer Realtime location display for buses, most
of their data are not downloadable. Only a few bigger cities provide Realtime GTFS data which
comes in the Protocol buffer (Pb) formatd Dev el oper Gui de J|andPr ot oc
always ncludes trip updates, service alerts, and vehicle positions as separate files. Finally, a
separate accuracy assessment of delay predictions is added for the different transit modes
(metro, bus, etc.). This works better for those large metropolitan asgamtBroward County
which has only bus and train. However, a very important aspect is the availability, consistency,
and completeness of the data provided. Moreover, supplied data should contain a complete table
of timing information without missing timslots and the data should constantly fill over a
sufficient period so prediction output can be as accurate as possible. It is worth mentioning that
several prediction methods can be used such as Artificial Neural NetyGhisriet al.2002)
(Lin et al. 2013), decision support systenfSun et al. 2016) Combinatorial Optimization
(Kroonet al.2016) etc.

11



1.6 Workflow

ASpecify the working area in which this procedure will be applied.

AExtract data from OpenStreetMap (OSM) to connect the transit with the road
network.

Antegrate different data sources (GTFS, OSM) into a routing graph within the
Set up and Data OpenTripPlanner (OTP) framework.

prepratipon Amport GTFS Static data and Realtime feeds into PostgreSQL database

)

~

Aassest the accuracy level of the delay predictions method used be
transportation agency.

Criteria Catalog

J

Avionitor the accuracy of delay prediction in comparison with the observe
VehiclePositions feeds.

Aevaluation the accuracy and effectiveness of real time information for route
planning of delay prediction through comparison with posterior trip

: characteristics for a selected sample set of trips and different user scenarios.
Implementation

Aanalyze data quality and completeness. \
ACompare the accuracy of the resultant delay predictions with the presently
VehiclePositions feeds used by MBTA or BCT GTFS Realtime data feeds.
AProvide quantified recommendations based on obtained results.
Evaluation, Mnalyze delay data of MBTA's or | BCT
sEleelylnispeEilei=el  and without outliers.

Reporting j

Figure 1 Workflow

12



1.7

Relevance and expected results

Due to the improvement of IT infrastructure, gausitioning methods, and communication

technology, public transit agencies nowadays have the technical means to share current and

predicted delay information of their transit vehicles in Realtime througineof¢eds. This

could improve the accuracy of transport applications, such as trip planners, and thus make

public transit more competitive compared to other means of transportation.

The expected results of this research project are:

X

Integration of diffeent data sources (GTFS, OSM) into a routing graph within the

OTP framework.

Evaluation of the accuracy of the public transport delay prediction through
comparison with a posteriori trip characteristics (e.g. the observed vehicle positions
at a later poihof time) for a selected set sample set of trips (e.g. metro and bus trips
for selected lines) and different user scenarios (e.g. have or not have access to a
smartphone during a trip).

Exploration of the feasibility to apply existing bus arrival prédit methods, e.g.
artificial neural networks on public transport Realtime feeds and, if feasible, compare
these results with the accuracy of the presently used GTFS Realtime data feeds.

The potential combination of a public transport Realtime informasigstem and
incident management system as Realtime data feeds currently do not have the ability
to remove schedule times for buses that have been suspended e.g. due to mechanical

or other issues.

13



2 State of the Art and Literature review

2.1 Public transportation

Oxford Learner's Dictionaries explained the system of buses, trains, etc. provided by the
government or by companies, which people use to travel from one place to ahaithérx f or d
Advanced Learneros Dictionaryd 2020)

Mass transit, also called mass transportationpublic transportation, the movement of
people within urban areas using group travel technologies such as buses and trains. The
essential feature of mass transportation is that many people are carried in the same vehicle (e.g.,
buses) or the collection attached vehicles (trains). This makes it possible to move people in
the same travel corridor with greater efficiency, which can lead to lower costs to carry each
person od because the costs are shared by many p&dpke opportunity to spend more

money toprovide better service or both.

Mass transit systems may be owned by private, pnoditing companies or by governments
or quasigovernment agencies that may not operate for profit. Whether public or private, many
mass transportation services are subsilizecause they cannot cover all their costs from fares
charged to their riders. Such subsidies assure the availability of mass transit, which contributes
to making cities efficient and desirable places in which to live. The importance of mass
transportatin in supporting urban life differs among cities, depending largely on the role played

by its chief competitor, the private automobile.

People travel to meet their needs for subsistence (to go to work, to acquire food and essential
services), for personatlevelopment (to go to school and cultural facilities), and for
entertainment (to participate in or watch sporting events, to visit friends). The need for travel is
derived because people rarely travel for the sake of travel itself; they travel to mpehtry
needs of daily life. Mobility is an essential feature of urban life, for it defines the ability to
participate in modern society.

Travelers make rational choices of the modes they use, each choosing the one that serves
him or her best, although best may be viewed differently by each traveler. Transportation

services in a city define the alternatives from which travelers must chibesectivities

14



available to them, and the places to which they can go. The transportation available to an
individual is the collective result of government policies, the overall demand for travel in the
region, competition among different modes, and tlseurces available to each individual to

buy services. Urban transportation services directly affect the character and quality of urban
life, which can differ among individuals who have access to different kinds and amounts of

transportation service.6 Mass transitdo 2017)
2.1.1 Schedule timetable

A schedule timetable shows the times at which public transportation modes such as railroad
trains, airplanes, buses, etc., arrive and ddpa@tDi ct i 0 n a ritycone®an a prigt€d2 0 )
or electronic document. This information can help people to get knowledge about arrival and
departure times from different stations to finally plan a trip. The document may consist of
severalmovements on a particular trip, as well as latencies between trips. Timetables are
available in different representations. The most common format is the Matrix format, where
you can see the stations in the rows, and service times in the colbigmse 2 shows a
timetable of bus transportation from Vienna, Austria Line 8A Kiniglberg /-@&¥rum-

Meidling station, Eichenstrasse.

8A Kiiniglberg/ORF-Zentrum ‘J
e

G{?. ¥ #_'S" \s@

g
& ¥ P’ -3 i s
@ o @ # & & 5 v
¥ S & s 4 A & & 4 3
P A A N B Ay Ay A A & &
& & i Fad o &+ eqéo e & 45{,’“ it & B
& & @é& &"0?“ & o f & & & & & £ & &
= = = = = = = = i = = = = = l
o = = = = o = 2 " 7 ; % Fanczett i Amuien
Zur Hauptverkehrszei
Montag-Freitag (Schule) Montag-Freitag (Ferien) Samstag Sonn- und Feiertags
5 324251 § 324251 5 324450 5 324459
6 0009192936 44 5159 6 00091920394959 6 13203550 6 13284358
7 061421293644 5159 7 091929394959 7 05203550 7 13203550
8 06142129394950 8 091929394959 8 05203550 8 05203550
9 091929394959 9 091929394959 9 0520355059 9 05203550
10 0919 28 39 48 58 10 091929 38 49 59 10 091928394959 10 05203550
11 0919293948 50 11 091929304959 11 091929394950 11 05203550
12 091928 3948 58 12 091929 3849 59 12 091928394958 12 05203550
13 0919 28 3948 58 13 091929384959 13 091929394959 13 05203550
14 091929394958 14 091929 384959 14 091929394959 14 05203550
15 091929 3949 58 15 091929384959 15 091929394959 15 05203550
16 0919293949 58 16 091929 384959 16 091929394959 16 05203550
17 0919293949 58 17 091929 384959 17 091929394959 17 05203550
18 0919293948 59 18 091929384959 18 0% 192939 50 18 05203550
19 091928394850 19 091929384959 19 05203550 19 05203550
20 09203550 20 09203550 20 05203550 20 05203550
21 0520284358 21 0520284358 21 0520284358 21 0520284358
22 13284358 22 13284358 22 13284358 22 13284358
23 13284358 23 13284358 23 13284358 23 13284358
Am 24.12. &b ca. 15.00 Uhr Verkehr wie sonntags
: : WienMobil % e arwernen Se B Fanrkarten gahar uneadingt got Fabreasrit
Tickils are no lom aviilab e from ypour driver.
Kaden Sin bre Tichuts bequem mit dur ﬁlwﬁunE‘huu- Plagee buy Imm“’"'"!’w”?;’h"'w ww*:“ﬂml e
Bluy your tickats sasily vis cur WisnMobil app. Auskundt Serviceislefon 017909 100

owire: 23 58 5048 08 A144 Livi 23004_ Anzanngen cterates

Figure 2 Timetable of bus transportation from Vienna Airport (Schwechat) Platform 4 to Bratislava Main Bus Station
(Bratislava AS) (AFEBS Workshop,o0o 2013).
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Figure3 shows another representation of the OBB train timetable of a tour from Hermagor,

Austria train station to Villach, Austria train station, and every stop in between.

S odh OBB S4 Hermagor - Villach

OBB | SO-SO | SO-SO | MO-FR | S0-SO | MO-FR | SO-SO | MO-FR | S0-SO | MO-FR | SO-SO | MO-FR | SO-SO | MO-FR | S0-S0 | MD-FR

4802 4805 ABOR ARI0 AD12° AV 416" 4919 QRN AR A" 4S5 ARG AG0

Hermagor | 0542 | 0742 0842 | 0942 | 1042 | 1142 1242 | 1342 | 1442 1542 | 1642 | 1742 | 1842 @ 1942 | 2002
Vellach-Khiinburg 0545 | 0745 | 0845 | 09:45 | 1045 | 1145 | 1245 | 1345 | 1445 | 1545 | 1645 | 17:45 | 1845 | 1945 | 2045
Pressegger Sea | 05:48 | 07:48 | 0848 | 0948 | 1048 | 1148 | 1248 | 1348 | 1448 | 1548 | 16:48 | 1748 | 1848 | 1948 | 2048
Gbrschach-Forolach | 0553 | 0753 | 0853 | 0953 | 1053 | 1153 | 1253 | 1353 | 1453 | 1553 | 1653 | 1753 | 1853 | 198 | 2053
StStefan-Vorderberg | 0601 | 0801 | 0301 | 1001 | 1101 | 1200 | 1301 | 1401 | 1501 | 1601 | 1700 | 1801 | 1901 | 2000 | 2100
Emmersdort i. G. 0605 | 0805 = 09.05 | 1005 | 11:05 | 1205 | 1305 | 1405 | 1505 1605 | 17.05 | 1805 | 1905 | 20.05 | 21:05
Nétsch | o0& | o811 | osan | e | vem | n2m | a3an | wnn | sn | aem | 7 | en | en | 2om | 2in

Amoldstein 0623 | 08:23 | 0923 | 10:23 | 1123 | 1223 | 1323 | 1423 | 1523 | 1623 | 1723 | 1823 | 1923 | 2023 | 21:23
Péckau | 0626 | 0826 | 0826 | 1026 | 11:26 | 1226 | 1326 | 1426 | 1526 | 1626 | 1726 | 1826 | 1926 | 2026 | 2126

Neuhaus a.d. Gail 06:29 | 0829 | 0929 | 1029 | 1129 | 1229 | 1329 | 1429 | 1529 | 1629 | 1729 | 1829 | 1929 | 2029 | 21:29
Filrnitz | 0633 | 08:33 | 0933 | 1033 | 11:3 | 1233 | 1333 | 1433 | 1533 | 1633 | 1733 | 1833 | 1933 | 033 | 23
Villach Warmbad 0637 | 0837 | 0937 | 1037 | 1137 | 1237 | 1337 | 1437 | 1537 | 1637 | 1737 | 1837 | 1937 | 2037 | 2147
Villach West | 06:40 | 0840 | 0940 | 1040 | 1140 | 1240 | 1340 | 1440 | 1540 | 1640 | 1740 | 1840 | 1940 | 20:40 | 21:40
Villach HBF | 0644 | 0840 0944 | 10:44 | 1140 | 1244 | 1304 | 14:04 | 1544 | 1640 | 17:04 | 1844 | 1940 | 2044 | 2144

* MO - FR: Werktag auller Samstag

Figure3Ti met abl e of a tour from Hermagor to Villach train
2017)

Timetables can have different forms such as printed books, folders, posters, visualized in
homepages, mobile apps, electronic boards in cestaibns, published as Open Data (OD),
and even sent by Short Message Service (SE@)neret al.2015)

2.1.2 Open Data

Open data is data that can be freely usedised, and redistributed by anyoersabject only,

at most, to the requirement to attribute and share @li@aeecOp en Dat a Handbooké

The most important characteristics of Open Data are:

1 Availability and Access the data must bavailable as a whole and at no more than a
reasonable reproduction cost, preferably by downloading over the internet. The data
must also be available in a convenient and modifiable form.

1 Re-use and Redistribution the data must be provided under terms #latv reuse

and redistribution including the intermixing with other datasets.
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1 Universal Participation: everyone must be able to useus®, and redistributethere
should be no discrimination against fields of endeavor or persons or groups. For
example éonommer ci al 6 restrictions that wo ul

restrictions of use for certain purposes (e.g. only in education), are not allowed.

It is so important to be clear about what open means and why this definition itheseds
a simple definition:interoperability.

Interoperability means the ability of diverse systems and organizations to work together

(inter-operate). In this case, it is the ability to interoperateintermix- different datasets.

Interoperability is important lecause it allows for different components to work together.
This ability to componentize and to &éplug toc
complex systems. Without interoperability, this becomes near impossilale evidenced in
the most fanous myth of the Tower of Babel where the (in)ability to communicate (to
interoperate) resulted in the complete breakdown of the tbuikting effort( 6 Open Dat a
Handbookdo 2019)

Organizations should give access to their internal data in a usable format, which allows both
interestedindividuals and application programmers to benefit from it. Giving this access
generate better communications between transportation organizations and their customers,
causing improved services and travel experience. The profits of opening up databetlede
efficient travel (with an enhanced ability to find optimal routes while on the go), a greater
understanding of investment (serving to possibly promote enhanced funding), and
crowdsourced analysis capabilities (potentially helping detect schedulavienpents or errors
in stop locations/names, for instance). The data, which would normally consist of sets as
schedules, routes, budgetary information, ridership numbers, traffic numbers, and road
conditions, should be published in both historical andtiesd for both analysis and prediction.

The data must be released similar to its original format, except for sesemitive data. Open
data includes sharing information for augmented travel, management, and future improvements

(Kaufman 2012)Figure4 shows the advantages of open data in the transportation context.
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Typical Transportation Data Benefits

Driver stuck

Benefit to users in traffic

Coffee shop
patron waits
for the bus

Benefit to
businesses

Budget
analyzed by

professional

Data specialists
analyze
s,c]mmlu]j'eZ data

Checks traffic maps

on phone

Sees in-store sign

Uses app tore

-route

Orders more coffee

with departures while waiting
. e . Readers demand
mmls:iiﬁ;:gs n increased state
Recommend Agency develops
schedule data improved internal &
adjustments external data

Figure 4 Transportation Open Data Benefits (Kaufman, 2012)

2.1.2.1 Costs of Opening Data

Open data use existing internal data, hence the costs of generating it are modest.

However, there are costs, such as:

A Converting dat a

A Web serwngdate. f or
A Personnel ti me
A

Per sonnel ti me

t

t

t
h
0

(0]

0O mai

ost

nstream fo

update and mai

ai

se with da

r mat s.

ntain dat

ta users.

These costs vary, depending upon the size and scale of the transportation services covered.

It should be noted that these costs are lower than any internal attempt to create applications

internally; as written by theBoston Globeabout the Massachusetts gaetment of

Transportationdés dat a

consul tant who devel

ops

i ne(l eMBTA :

r eSkcentusy alterpativié fb hiiing somep p r o a

shopfpt wjauw e g

2020) It should be nted that the costs involved should not prevent openness: for public

transportation agencies, data was developed using public funds and should be accessible for
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public use and analysis. The returns on these investments are manifold, reaching large numbers

of people with modest effort.

The benefits of improved travel outweigh the maintenance costs; organizations must think
holistically about their missions, like providing mobility resources and the tools to use them,
rather than by departmental line budgeissmbrace data openness fylaufman 2012)

2.1.2.2 Open Data in Use

Transportation data is used worldwide for policy analysis and smartphone applications.
Currently, there are 1280 agencies in 674 locations worldwide providing GTFS data
( 60OpenMata-iPluibt y@ transit feeds .®fthe hafrdlioound t |
applications in the Apple App Store, many thousands are transit related. Realtime transit data
is available in dozens of locations via the NextBus system, and others via &goglen e w
standard in four US cities (Boston, Portland, OR, San Diego, and San Francisco). In a recent
Transit Cooperative Research Program study, of 28 transit agencies surveyed, 13 relied on
third-party applications to disseminate réate information, bubnly three agencies relied on
internally-developed application@ransit Cooperative Research Prograimal. 2011) Those
13 agencies have embracedpléential of open data to inform customers through any medium;

they cite the benefits of releasing data as:

A Free devel opment of mobile applications.
A Increased ridership.

A Il mproved customer service.

A Time saved by agenci disatonsn devel oping cust
A More accurate applications.

A Positive i (Mauman20l@r agenci es

Also, using the data, developers can create applications for users in foreign languages, for those
with vision disabilities, and highly localized information fmarticular neighborhood3ablel

shows the number of applications and ridership in several U.S. cities if{k&dfZnan 2012)
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TablelThe number of applications and ridership in
City Portland Boston Chicago Washington MNew York
wr aicaia (P M D
Av. Weekday
ridership 325,400 1,292,000 1,717,200 1,446,400 10,287,600
(2011)

Number of

apps (2011) 44 47 22 11 58
Ratio (app/ 147,000 1/27,000 1/78,000 1/131,000 1/177,000
riders)

Deve]aper .

relationship strang strong medium weak weak
B“uas'r’:"””g light light medium light heavy
Data release 2008/2007 2009 2009/2010 2010 2011/2012

sever a

Table2 shows the latest report of then&rican Public Transportation Association (APTA)

which shows the number of Ridership by Mode and Quarter from 2016 to Present in U.S. cities.

Table2 Ridership by Mode and Quarter 2016 Present (APTAAdmin, 2020)

Total

Light

Demand

Quarter Year | Ridership He(g\(%gall Ralil g:irln(rggéi; Tr?cl)lggg)us Bus (000s)| Response 8&2)
(000s) (000s) (000s)
Q1 2016 | 2,581,519| 954,021 | 129,998 | 118,443 23,736 1,260,104 | 52,262 42,956
Q2 2016 2016 | 2,644,957 | 1,000,979 | 139,745| 126,086 22,055 1,253,289 | 53,673 | 49,130
Q3 2016 | 2,598,388 | 968,259 | 140,828 | 126,937 21,454 1,234,299 | 52,858 53,752
Q4 2016 | 2,583,028 | 970,509 | 137,435| 125,573 20,540 1,231,932 52,039 45,000
Q1 2017 | 2,496,395| 931,040 | 133,650| 120,348 20,325 1,198,305| 51,036 | 41,690
Q2 2017 2017 | 2,569,443 | 987,582 | 137,555| 125,486 21,242 1,195,562 | 52,607 49,409
Q3 2017 | 2,498,636| 939,136 | 138,167 | 125,717 20,956 1,169,820 | 52,001 52,840
Q4 2017 | 2,526,237 | 955,801 | 132,902| 125,522 20,507 1,194,916 | 51,809 44,780
Q1 2018 | 2,415,212 901,386 | 126,690| 119,895 19,919 1,155,076 | 50,825 | 41,421
Q2 2018 2018 | 2,525,653| 956,916 | 133,600| 126,224 20,354 1,185,691 | 53,789 49,079
Q3 2018 | 2,457,352 916,002 | 134,175| 126,603 20,300 1,154,284 | 52,905 53,084
Q4 2018 | 2,508,574| 938,141 | 132,516| 126,360 20,498 1,191,954| 53,395 | 45,710
Q1 2019 | 2,365,284 | 871,380 | 123,555| 122,422 20,133 1,135,243 | 51,854 | 40,697
Q2 2019 | 2019 | 2,526,794| 970,735 | 127,948 | 130,688 20,329 1,174,619 | 54,035 | 48,441
Q3 2019 | 2,511,387 | 965,979 | 127,082 | 132,147 20,554 1,161,052 | 54,088 50,484

Note: Ridership numbers are readjusted in each quarter based on the new Fact Book ridership numbehandetatand updates
from agencies.

There are two barriers to providing transportation data to the public: firstly, the collection and

maintenance of these data are very difficult and costly, and secondly, it is hard to create a

commercial business oof it because no one will pay for such ser/itgoen et al. 2010)

Most transit information is currently locked intmoprietary formats and systems and cannot be
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easily shared, viewed, updated, ormemgled without permission from the vendor and expert
data analysis. This limits the ability of transit agencies and others to provide information
resources, such as tripaphing tools, that support the use of transit or other alternatives
(Hillsman and Barbeau 2011)

Nevertheless, to make aware of communication between different transport systems, standards
have become more and more import@abares and Martins 2018¢scribed transport systems

as: fDistributed systems with very complex information requirements. So, the full
interoperability of thesesystems can only be achieved through the existence and
implementation of adequate standards, properly conceived by experts, tested, and understood
by practitioners. A strong standard for transportation data is important for the safe and efficient
operationof the systemsin the last decades, several international projects and international
standardization bodies have gathered efforts to develop a set of basic standards and procedures
to ensure the interoperability of public transport, enabling the eféestigring of information
between the different transport systems."

2.1.3 Public transportation standards

Error! Reference source not found.describes common data standards and file formats

used by transportation agencies for different purposes.
Table3 Table 3 Common data standards and file formats used by transportation agencies for different purpose

Champion Whereit’'s Applicable Examples More
used data sets information*
Data Standards
Worldwide Schedule data  Train line https://developers.co
schedule| ogle.com /transit/gtfs

L
Google Select US&  Real-time “Train https://developers.go
European data arrivingin 3  ogle.com/transit/gtfs
cities min” -realtime/
European European Real-time “Train http://bustime.mta.i

Committee  cities data arrivingin 3 nfo/wiki/Developers/
for min” SIRIIntro

UK Gov UK Buses Bus schedules  Bus route http://www.dft.gov.u

&data schedule k/transxchange/
European European Traffiedata& Delays on http://www.datex2.e

Commission Cities Management Routeg4 u/content/datex-
background

File Formats
Worldwide Data tables Historic on-  http://www.ehow.co
time data m/how_5091077_us

e-csv-files html
Textual http://en.wikipedia.o
information  rg/wiki/Text file

Worldwide

Text

Many Worldwide Geographic Subway http://en.wikipedia.o
mapping station rg/wiki/GIS_file_for

entrances mats
Google Worldwide Google Maps ~ GIS road https://developers.go
& Earth outlines ogle.com/kml/docum
entation/
Many Worldwide Large data Traffic http: //www.w3school
sets numbers s.com/xml/xml what
is.asp
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Note that files in the formats abovesaused both within the data standards (for example, a
GTFS data set is a series of specific TXT files) and on their own (to convey text or information
separately, |like budgetary information in a
is bot easily convertible within your transportation agency and useful to the majority of readers
and data developers (that includes converting Microsoft Excel spreadsheets to CSV, and Word
documents to TXTKaufman 2012)

214 Usage of GTFS in public transi

The General Transit Feed Specification, or GTFS, has become the most populawiderld
data format to describe fixadute transit services. Many transit agencies have created and
published GTFS data with the primary purpose being integration with &Magps. However,
GTFS data can power many other different types of transit and multimodal software
applications, including multimodal trip planning, timetable creation, mobile apps, visualization,
accessibility, analysis tools for planning, raide information, and interactive voice response
(IVR) (Antrim and Barbeau 2013)

2.1.4.1 Overview of GTFS

GTFS represents a fixadute schedule, route, and bus stop data in a seweswhadelimited

text files compressed into a ZIP fileigure5 shows the contents of a GTFS ZIP file from the
Boston Metropolitan Area (MassachusettayBTransportation Authority MBTA) and the
contents of the stops.txt file within it which contains information about the name, ID, and

location of every stop.

META_GTFS

iew  Help
stop_id,stop_code, stop_name, stop_desc,platform_code,platform ~
a4l 1, washington st opp Ruggles st,,,,42.330957,-71.082754,,,h
10,10, Theo Glynn way @ Newmarket sq,,,,42.330555,-71.068787,
10000,10000,Tremont St opp Temple P1,,,,42.355692,-71.062911
10003,10003,ATbany St opp Randall st,,,,42.331591,-71.076237
(F101110005,10005,ATbany St opp E Concord St,,,,42.335017,-71.0712
10006,10006,ATbany St opp E Newton St,,,,42.335814,-71.07013!
y any St opp wareham St,,,,42.338372 -71.06(
10008,10008,ATbany st opp Randolph st,,,,42.339915,-71. 06425

10013,10013,Albany st @ E Dedham St,,,,42 337556, =71, 067875
10014 ,10014 A1bany St opp Boston Medical,,,,42. 334342 -71. 07
10015,10015 ,Harrison Ave @ E Newton St,,,,42.337402, 71 0721
10016,10016,Tradecenter 128, ,,,42.499312,.71.162566, , ,https:,
10031,10031,E 1st st @ P st,,,,42.338307,-71.027132, ,,https:,
110032,10032,E 1st St opp O st,,,,42. 338274 -71. 029203 ,http:
— 10033,10033,E 1st St @ O St,,,,42.338176,-71.029444, , https:,
| I o1, 101 Massachusetts Ave @ Sidney St,,,,4Z 362988, 71 09948
I 10100,10100,ATbany St @ Randall st,,,.42.331675,-71.076347,
0101,10101,Me1nea cass Blvd @ Harrison Ave,,,,42.332066, 71
ize ~[102,102,Massachusetts Ave @ Prospect St,,,,42.365291,-71.103
Name Size Packed Type Modified CRC32 ~[1026,1026,Chestnut Hill Ave @ Veronica Smith ctr,,,,42.34769

. %ggg,%gg;,chestnut Hj}} Ave g Eng]ewood]AKe,,,,42.3;7%§ééi21
420197 Chestnut Hill Ave @ Commonwealth Ave

ood OEE Bkt 1030,1030, Chestnut Hill Ave @ Strathmore Rd, ,,,42.340260,-71

= Bwinidogiiviee 1031,1031,Chestnut Hill Ave @ chiswick Rd,,,,42.341096,-71.1'

1472018 Ta.  SDOBDEDT 1032,1032,chestnut Hill Ave opp wiltshire rd,,,,42. 343065 -7

14018 T, a8200227 1033,1033,chestnut Hill Ave @ Wallingford Rd,,,,42.344607,-7

73, s30728BE 1034,1034,chestnut Hill Ave @ Union St,,,,42.346123,-71,1529
01973, 3FADBSES 1035,1035,Market St @ wWashington st,,,,42.349261, 71 153309
T3 1EeTITEl 1036,1036,Market st @ sparhawk st,,,,42.351738, s71a J
T e .[1038,1038  Market st @ Gardena st,,,,42.354227,-71. 150236 i
= 10391039 Market St @ N Beacon St....42.355569.-71.149366...1v
< 5

Total 117,383,167 bykes in 23 files

Figure5 A GTFS dataset from MBTA transit agency consists of sevetdilés within a ZIP file
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The

calendar_dates.txt files contain schedule information. Information about the order of visitation

routes. t xt file contains information abo

of bus stops for a particular neuaccording to a particular schedule is provided in the trips.txt

and stop_times.txt files. Spatial representation of a route alignment to be accurately drawn on

a map is included in the shapes.txt {hentrim and Barbeau 2013)

2.1.4.2 Overview of Current GTFS Components

GTFS is used for the static exchange of schedule data and public transport stops. Each version

of schedule data is sent as a set of CSV tables, encapsulated as aTablié.shows the
CSV tables which make up the GTFS.

Table4 Google Transit Feed Specification tables (Kizoom and Miller, 2008)

Google File Contents CEN Transmodel Concept
agency.txt Required Information about the transit agency. OPERATOR AUTHORITY
stops.txt Required Information about individual locations where vehicles pick | SCHEDULED STORPOINT,

or drop off passengers. STOP PLACE (IFOPT)TARIFF ZONE
routes.txt Required Information about a transit organization's routes. A route is| LINE

group of trips that are displayed to the rider as a single sen
trips.txt Required Information about scheduled service along a particular rout| VEHICLE JOURNEY

Trips consist of two or more stops that are made at regular
scheduled intervals.

stop_times.txt

Required

Lists the times that a vehicle arrives at and departs from
individual stops for each trip along a route.

Call, PASSING TIME STOP POINT IN
JOURNEY, PATTERN (SERVICE
PATTERN), (ROUTE LINK - distance)

calendar.txt

Required

Defines service categories. Each category indicates the da
that service starts and ends as well as the days that service
available.

DAY TYPE
PERIOD, DAY OF WEEK

calendar_dates.txt]

Optional

Lists exceptions for the service categories defined in thg
calendar.txt file.

OPERATING DAY

fare_attributes.txt

Optional

Defines fare information for a transit organization's routes.

FARE ELEMENT PRICE

fare_rules.txt

Optional

defines theules for applying fare information for a transit
organization's

FARE ELEMENT, DISTANCE MATRIX

shapes.txt

Optional

Provides rules for drawing lines on a map to represent a trg
organization's routes.

ROUTE ROUTE LINK / PROJECTION

frequencies.txt

Optional

Provides the headway (time between trips) for routes with g
variable frequency of service.

(Frequency)

transfers

Optional

Provides additional rules for making connections between
routes.

CONNECTION LINK, SERVICE JOURNEY
INTERCHANGE, SERVICE JOURNEY
PATTERN INTERCHANGE DEFAULT
INTERCHANGE
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2.1.4.3 Applications Based on GTFS

Different types of applications based on GTFS are accessible when an agency creates a GTFS

feed and share it with the public.

Following is an overview of these different types of applications:

1 Trip planning and maps: applications that assist a transto@er in planning a trip
from one location to another using public transportation.

1 Ridesharing: applications that assist people in connecting with potential ridesharing
matches.
Ti metable creation: <create atimgtabiefotmatd | i st

1 Mobile applications: applications for mobile devices that provide transit information.

1 Data visualization: applications that provide graphic visualizations of transit routes,
stops, and schedule data.

1 Accessibility: applications that assitransit riders with disabilities in using public
transportation.

1 Planning analysis: applications that assist transit professionals in assessing the current
or planned transit network.

1 Interactive Voice Response (IVR): applications that provide trarfsithation over the
phone via an automated speech recognition system.

1 Realtime transit information: applications that use GTFS data along with -dimesal
information source to provide estimated arrival information to transit riéatsim and
Barbeau 2013)

2.1.5 GTFS-Realtime

i G T Re&altime is a feed specification that allows public transportation agencies to provide
realtime updates about their fleet to application developers. It is an exten&dR$o(General

Transit Feed Specification), an open data format for public goategtion schedules and
associated geographic information. GTR&altime was designed around ease of

i mpl ementati on, good GTFS interoper(adbGTHS vy,
Real ti me Overview | Realtime Transitdo 2020)
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The initial Live Transit Updatesartner agencies, several transit developers, and Google
designed the specification through a partnership. The specification is published under

theApache2.0 Licens§ 6 GTFS Real ti me Overvi.ew | Real ti m

The following types of information are currently supported by the specification:
Trip updates (delays, cancellations, changed routes):
"Bus X is delayed by 5 minutes"

Trip updates stand for fluctuations in the timetable. These updates provide a predicted arrival
or departure for stops along the route. Trip updates can also support more cerepkaxos

where trips are canceled, added to the schedule, or eveutesl.

Service alerts(stop moved, unforeseen events affecting a station, route, or the entire

network)
"Station Y is closed due to construction”

Service alerts stand for highlewvel problems with a particular entity and are generally in the

form of a textual description of the disruption.
They could be problems with:

1 Stations

1 Lines

1 The whole network

1 etc.

A service alert usually consists of somettehich describes the problem, which also allows
for URLs for more information as well as more structured information to help to understand

who will be affected by this service alert.
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1 VehiclePositions(information about the vehicles includif@cation and congestion level)
"This bus is at position X at time Y"

VehiclePositions stands for a few basic pieces of information about a particular vehicle on the

network.

Most important are the latitude and longitude the vehicle is at, but data ontapeed and

odometer readings from the vehicle can also be used.

A feed may, although not required to, combine entities of different types. Feeds are
frequently updated and served via HTTP. The file is in a regular binary format, so it can be
hosted andesved by any type of web server (other transfer protocols might be used as well).
Alternatively, a response to a valid HTTP GET request, web application servers could also be
used to return the feed. There are no constraints on how frequently nor oadhmethod of

how the feed should be updated or retrieved.

Because GTFS Realtime allows presentinggitteals t at us of an agencyos f
to be updated regularhp r ef er abl y whenever new data comes

Vehicle Lo@ation system.
2.1.5.1 Data format
The GTFS Realtime data exchange format is basétatocol Buffers.

Protocol Buffers (Protobuf) are Google's languagatral, platforrmeutral, extensible
mechanism for serializing structured datthink XML, but smaller, faste and simpler. The

data structure is defined ingéfs-Realtime .protdile, which is then used to generate source

code to easily read and write structured dedean and to a variety of data streams, using a
variety of languages such as Java, C++, or Python.
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https://developers.google.com/transit/gtfs-realtime/gtfs-realtime.proto

Figure6 shows how is Protocol Buffers used to ghdata across languages.

Automated
generation of '\Encode/decode
code P _

Serialized Data

.proto file

(can be interpreted by

Human readable any language)

Figure 6 how is Protocol Buffers used to share data across langu@gasina 2019, [101)

Figure7 showsthe Protocol Buffer compiler and how it atgenerates code to exchange binary

GTFSRealtime messages.

App Developer Transit Agency

Code to extract transit TripUpdates.pb Code to compress
info from binary transit info to binary

Protocol Buffer
compiler

gtfs-realtime.proto

Figure 7 The Protocol Buffer compiler avgenerates code to exchange binary GR&&ltime messages
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2.1.5.2 Data structure

The hierarchy of elements and their type definitions are specified igtfth@ealtime
.protofile.

This text file is used to generate the necessary libraries of programming language. These
libraries provide the classes and functions needed for generating valid GTFS Realtime feeds.
The libraries make feed creation easier and also ensure that only valid feeds are produced

(6GTFS Realtime Overvi.ew | Real time Transité
2.2 OpenTripPlanner

OpenTripPlanner (OTP) is an opsaurce multimodal trip planner, which runs on Linux,
Mac, Windows, or potentially any platform with a Java virtual machine. OTP is released under
the LGPL license. The code is under active developmentanitiriety of deployments around
the world. It is a family of opesource software projects that provide passenger information
and transportation network analysis services. The core ssdesrJava component finds
itineraries combining transit, pedestri@igycle, and car segments through networks built from
widely available, open standard OpenStreetMap and GTFS data. This service can be accessed
directly via its web API or using a range of Javascript client libraries, including modern reactive
modular corponents targeting mobile platforms.

Launched in 2009, the project has attracted a thriving community of users and developers,
receiving support from public agencies, startups, and transportation consultancies alike. OTP
powers regional and national journghanning services around the world, as well as several

popular multicity mobile application$ 6 OpenTr i pPl anner d 2020)

OTP consists of three main components of the framework: "Graph Building”, "Routing
Engine" and "Web Interface'F{gure 8) . The " Graph Boobleddcaledd gen
"Graph.obj", which is the routing graph. The settings for that process like data source paths and
restrictions are included in a configurations file. This graph is used by the "Routing Engine" to
calculate a route after a request from 'tté&eb Interface"”. The route, the map and additional
information like route instructions will be visualized in the "Web Interface" when the route is

computed as described (Weyreret al.2013)

28


https://developers.google.com/transit/gtfs-realtime/gtfs-realtime.proto
https://developers.google.com/transit/gtfs-realtime/gtfs-realtime.proto

Architecture
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M)
= | mobile Key components:

* OSM data for street routing
GTFS feeds for public transport info
Build phase = graph.obj
Rest API

—_—

=) | specialty

clients
Graph.obj

Figure 8 Architecure of the OpenTripPlannéGouth Tyrol Free Software Conference 2019a)

2.2.1 Graph structur e

In Open Trip Planner, directed graphs are representing all the street and transport networks.
A small extract of an OTP graph for New York, containing both street and public transit
information Eigure9). In the OTP ("master branch") version, the model has shifted from a
patternbased graph into an edbased graphRigure 10). Based on the directed graph, the
street segments consist of two edges, each edge indicates one direction. This specifies all travel
modes on one street (e.g. pedestrians in both directiarsjn onewvay streets). Each transit
stop is linked to a street vertex and has at least one node that is connected to a transit trip. If
several platforms exist, or if the station entrances are far away from each other, multiple nodes
could be connectei a single transit stop. In such a case, the street edge of the transit trip will
be split. The transit trips are represented by the Board, Alight, Dwell, and Hop edges. When
different trips have the same sequence of stops, these trips can be groupeeiepéndent
PatternBoard, PatternAlight, PatternDwell, and Pattern Hop edges. These edges' weight
functions vary according to the time at which they are traversed. For example, a PatternBoard
edge will search for the next departure time for its assaltafe pattern and vary its weight
accordingly.Figure9 illustrates two different subway services with two different trip patterns
to pass through theme stops, but they branched out elsewhere in th€ atyGr ap h St r uct
2015)
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Figure 10 Edgebased representation of the Graph Structure (Paris Open Source Summit, 2012)
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vertex means being on a street segment, where being on an edge means changing the street
segment through a road junction. This makes applying turning restrictions to individual turns
as well as different avel modes possible. In this case, the computation of the shortest path
2015)



2.2.2 Graph creation using shapefile or OSM

The graph builder configuration file describes what data and settings are used to build the graph.

2.2.2.1 Data sources
Many data sources are used by the trip planner: GTES for transit data, OpenStreetMap or
shapefiles for street data, and the National Elevation Dataset for elevation data. Each data

source has its configuration optiohsd Gr aphBui | der &8 2014)

2.2.2.2 Street segments
Streets are divided into segments. A segment is a part of a street between two consecutive
intersections or between the intersection and dead end. Consecutive street segments that share
attributes can be stored together as one "way" for OSM, which is not a problem. In Opposition,
a street segment may be broken at an overpass even if there is no intersection in shapefiles,
which requires special handling to ensure that, even when tvaissineet at the same point,

they don't intersect when one passes over the(otheéér aphBui | der 6 2014)

2.2.2.3 Permissions
Defines types of users who can traverse through a given street seBoreexample, to
make certain street segments traversable by bikes only in one direction, an attribute can be used.
Alternatively, to make certain segments (e.g., highways) inaccessible to pedestrians, a street
type attribute could be used. Street traverspermissions are defined in

org.opentripplanner.routing.edgetype.StreetTraversalPermission (Javadoc) and are:

NONE

ALL

PEDESTRIAN

BICYCLE

PEDESTRIAN_AND BICYCLE
PEDESTRIAN_AND CAR

BICYCLE_AND_CAR

CAR(6GraphBuil derdé 2014)

= = =4 -4 -a A _-a -2
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2.3 Related work in Quality Assessment of Open Realtime Data for

Public Transportation in the Netherlands

In a previous study done using Realtime feeds with accesslutied by OVapi (accessible at
http://gtfs.ovapi.nly for buses from different transit agencies in the Netherlands at the end of

January 2014, using the Realtime forr{@&teineret al. 2015) The data quality of Realtime
public transit data provided as GTHR®altime feeds for the Netherlands was analyzed. Since
OVapi covers a large gemphic area and delivers data in GTR&8altime feed format, (Steiner

et al. 2015) focused on the data quality evaluation of the OVaptimealinformation and
analyzed data completeness and temporal accuracy of the Realtime feeds. OTP was also used
to illustrate the effect of GTFBealtime information on selected computed bus routes. Trip
computations were also published as a Web service to be called within other applications
through the API. However, it was not yet possible to download the Realtime ationof the

entire network at a given time, which was necessary for building customized routing
applications. Thus, in Europe at that time only OVapi provided Open Access toREehREne

data, whereas it was already provided by several US transit agjensild as BART (Oakland,

CA), TriMet (Oregon, WA), or MARTA BUS (Atlanta, GA).

Results showed that the data quality was not satisfactory up to May 2014, and trip delay
data and a large percentage of vehicle positions were missing, which was necesshap®
Realtime trip planning applications. Analyzing user benefits of Realtime information for trip
planning was one of the goals, but in addition to data scarcity, this was impossible due to OTP
data handling. For instance, some problems like retgreuboptimal routes were caused for
scenario 5 during the integration of VehiclePositions data into the OTP. Furthermore, the
assessment of usability for smartphone users with repeated computations along the trip
(scenarios 3 and 4) required a modifioatdf the OTP codéSteineret al. 2015)

32


http://gtfs.ovapi.nl/

3 Methodology

3.1 Setting up the OTP

OpenTripPlanner is written in Java and distrdalias a single runnable JAR file. These JARs

are deployed to the Maven Central repository and availablleeir©OTP directory at Maven

Centralin several versiond~gure 11). OSMCONVERTcan be used to convert and process
OpenStreetMap files. It masters fewer functions than the comrugelgOsmosis for

example, there is no way to access a database with OSMCONVERTOs mcenvert
OpenStreet Map Wi ki 6 2020)

org/opentripplanner/otp

et

1.6.8/7 2817-283-13 e%:24 -
1.1.8/ 2817-82-15 1&6:48 -
1.2.8/1 2617-88-17 16:51 -
1.2.8/ 2818-88-a3 11:20 -
1.4.8/7 2619-87-38 83:29 -
maven-metadata.xml 2819-87-3@ 28:31 453
maven-metadata.xml.mds 2819-87-38 83:31 32
maven-metadata.xml.shal 2819-07-38 BE:31 4

Figure 11 OTP directory at Maven Cesit( 6 Basi c-Opwetndmii @lPl anner 6 2020)

Different typesof data are building a multimodal graph in OHg(rel12), afterwards the
desired route is calculated using this data besides the route parameétergssit

Architecture

B = | desktop
RN , DR
=o'
= =
= Key components:

mobile .
a OTP ® OSM data for street routing
vi14 ® GTFS feeds for public transport info
Q ﬁ I ® Build phase > graph.obj
€S = | specialty * RestAP|
NI clients
GTFS 3

Graph.obj

Figure 12 OTP Data Flow Mode{South Tyrol Free Software Conference 2019b)
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The fdlowing figure Figurel3) illustrates a trip in the OTP interface.
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—‘L— ‘L— /et
S f]l’ : «l: Yaatderdale
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Figure 13 OTP Instance running in Broward 2020

If the public transport agency provides raw timetables instead of a standardized GTFS feed, the
timetables should be converted into the GTFS. OSM will be used for the creation of the

multimodal graph. Afterward, thetiegration of a user round trip option into OTP.

3.2 Transit Data

The availability of transit data in the GTFS format should be considered. In case this

information is not available in the desired format, this data should be prepared using available
schedulenformation.

As mentioned before, each GTFS feed consists of a set of uniqu¢ekSfiles Figurel14)
and compressed in a ZIP package. All these redquiiles must have exactly the column
headings described previously to provide the information in a standardized way, the same way

as a traditional database.
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Figure 14: General Transit Feed Specification (GTFS) relationé | nt r oducti on to tidytran:

The following fgure Figurel5) demonstrates the General Transit Feed Specification (GTFS)
tablesrelations.

Figure 15 General Transit Feed Specification (GTFS) table relatibrs MARTA Devel oper Resour ce:
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