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About this white paper

Audience and purpose for this paper

This paper was prepared forOregon Department off ransportation (ODOT). The intended audience
is transit agencies and ODOT and similar regional entities. In particular, this was written in mind
with small to medium (less than 200 vehicles) fixeeroute transit providers that are designing and
procuring real-time systems or providers that already have a reaime system they wish to expand,
replace, or assess. The paper outlines technology considerations and choices for these
organizations. Realtime for fixed-route transit is distinct from real-time dispatch for demand

responsive transportation [SeeOD & | AGEAT A 4 OAT OénimrasidikiE | T 3 AOOEAAOGS
Authors
This white paper was written by a team of consti&nts with Trillium Solutions. Inc. ©4 OEi1 1 EOI 6 h

transit technology service provider and consulting firm based in Portland, Oregon. Trillium

maintains GTFS data and provides consulting services related to transit technology and data for

ODOT. Modular system design and open and interopgkd A AAOA EAO AAAT A Al OA ¢
approach and philosophy since its founding in 2008, which is reflected in the recommendations in

this white paper. Many vendors, consultants, and transit agencies were interviewed in the course of

writing this wh ite paper.

Lead author contact
Aaron Antrim, Principal
Trillium Solutions

610 SW Broadway
Portland, OR 97212

1 (503) 567-8422 ext. 3
trilliumtransit.com

Disclosure of interests

As involved subject matter expers, Trillium discloses ongoing vested interest in the transit data

and reaktime space:

T Trillium provides GTFS Manager, software for maintaining GTFS data to ODOT and many
transit agencies outside of Oregon.

Trillium provides Transit Alerts for publishing service advisories in GTFS3ealtime.

Trillium has provided GTFS data for use in a variety of redilme information systems,

including those offered by Swiftly, NextBus, Syncromatics, and others.

T Trillium has a commissionbased resale agreement with Swiftly.

1 Trillium regularly partners with 7ransit[app], IBl Group, University of South Florida,
Cambridge Systematics, and other groups mentioned in this document or involved in real
time information.

T Trillium deployed and hosts the opersource OneBusAway softwag for Rogue Valley
Transportation District.

f
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Paper sections

The following questions are addressed by each section.
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Summary: A four-page outline of system definitions, principles, and recommendations.
Benefits:How do riders benefit from reattime information? How do transit organizations
use realtime information to gather insights?

Functions and componentsHow can reattime information systems be separated into
components, and what mechanisms and data standards exist for interoperability between
systems?

Planning and desigimHow should a transit agency consider and articulate needs and
priorities for a reaktime system to inform later procurement and implementation choices?
ProcurementWhat are recommended steps for procuring reatime information system
components?

Implementation:What should transit agencies expect and prepare for during the
implementation process?

Operation & EvaluatiorHow can a realtime information system's performance be
assessed? What should transit agencies expectrahg the phase of operation?

List of vendors Summary of cost ranges, with an extensive but necomprehensive list of
vendors that provide reattime information system components.

Agercy experiences in OregorTime requirements for reaktime information system
procurement, implementation, and ongoing operation for 4 transit agencies in Oregon.
Recommendations for ODOT & Regional Organizatiaffow canregional organizations
such as ODOT balance and support both regional goals and priorities and local autonomy?
Glossary of termaised throughout this document.

Suggested realime sysem requirements,including hardware performance, support, base
features, and open data formats and licenseshich can be incorporated wholly or in part in
a procurement document to fulfill on the principles and recommendations outlined in this
white paper.
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Summary

Definition of real-time transit information
&1 O OEA DPOODPI OAO 1 MEDRAE ©®OAE OED EABH O AOBAAIG ET Al O
Computer-Aided Dispatch and Automatid/ehicle Location (CAD/AVL)
Reaktime passenger information (RTPI)
0 Performance measurement
In the past decade, these systems have become more common for transit systems throughout the
world.

Q¢ O«

Components

Functional area Components

(@]

Computer-Aided Dispatch anl Automatic Vehicle On-board location sensing (GPS and other
Location (CAD/AVL) technologies)

0 Wireless connectivity
0 Assignment of vehicles to runs & routes
0 Computer aided dispatch for driver
instruction and re-routes
Reattime passenger information(RTPI): System 0 Mobile apps, including popular 3rd party apps|

for providing arrival estimates, vehicle locations, such asGoogle Maps

and/or service advisories to customers. 0 SMS text messaging
0 Interactive voice response (IVR)
0 Public signage/displays
0 Open data

Performance measurementSystems that 0 Dashboards

synthesize ontime performance and other key 0 Report systems

metrics for managers, decisiormakers and
planners.

Technologies, products, practices, data formats, and system architectures continue to evolve. Some
real-time vendors provide all components. Others specialize in one or a few. An extensive butnhon
comprehensive review of realtime vendors and the componets and services they provide is in this
vendor list [Google Spreadsheet].

Benefits

Realtime systems can bring many benefits to riderdransit agencies and regional providers such
as ODOT. The benefits listed in this paper are supported by research and information gathered from
transportation providers. A summary of these benefitss listed below.

Summary 4


https://www.google.com/maps
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Benefits for riders:

0 Reduced actual waitime at bus stop

0 Reduced perceived wait time at the bus stop
0 Greater peace of mind and feelings of safety
0 Decreased learning curve for new riders

Benefits for transportation providers:

0 Improved rider satisfaction

0 Increased ridership

0 Greater operatoraccountability

0 Improved on-time performance

0 Informed schedule improvements

0 Informed capital improvements/investments

Benefits for ODOT/regional organizations:
Improved rider satisfaction

Visibility of operated transit networks

0 Informed capital improvements/investments

O« O«

Recommendations

Recommendations to transit providers

This white paper makes recommendations to transit providers for planning, procuring, and

operating reaktime transit information systems. These recommendations, outlined below, are

based m interviews with transit agencies that have implemented reatime systems, interviews

xEOE OAT AT OO6h AT A OEA AmeG¥ieas05 AGDAOEAT AA xEOQOE

Planning
1. Plan amodular (see definition link) system designby understanding the system in terms of
components and functions. Standardized data formats such as the General Transit Feed
Specification (GTFS) and GTH®altime and interoperable interfaces enables modularity.

Summary 5
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Below is a diagram of how reatime systemcomponents fit together.

4 N\ N
Real-time
Performance passenger
> Measurement information
(RTPI)
\§ O\l
GTFS — I 1

GTFS-realtime

Computer-aided dispatch (CAD) /
Automatic vehicle location (AVL)

Figure 1: Modular system design

A modular and standardsbased approach enables a transit provider to effectively:

assemble the best fit technologies.
add or replace components over time.
negotiate with vendors.
reduce the risk of vendor lockin.
publish data to 3rd party applications and regionakystems.

2. Establish core objectiveso guide requirements.

3. ) AAT OEEAU OEA OOAT OEO ,bdHIQEAAOE O ABGEOOEI ¢ OAOI O
hardware, software and interfaces.
staff time and expertise.

4. Conduct an industry surveyto develop an understanding of possible solutions.

Procurement
1. Consider apilot to evaluate a system through handen experience.
2. Issue a procurement instrument (RFP/RFQ)Lead with a statement of objectives (e.g. for
open data, prediction accuracy, and analysis for planning) followed by core requirements.
Avoid bloated requirements lists that unnecessarily limit respondentsAppendix Aoffers
suggested requirements.

Summary 6



Operation

1. Keep data inputs up to dateGTFS (static) needs to be kept current for all schedule chargge
and maintained according toGTFES BesPractices

2. Monitor passenger usage and feedbackiobile apps, SMS & IVR queries, and customer
feedback can provide useful analytics and help discover issues.

3. Monitor prediction accuracy & realtime system performance:The system needs continuous
monitor ing to ensure accurate information and predictions.

4. Monitor transit operations: To benefit from the performance dashboards, staff must actively
monitor and respond to reports and metrics such as otime performance.

Recommendations to ODOT

This white paper makes suggestions to ODOT to support successful and widespread
implementation and operation of reattime transit information in Oregon:

0 Set standardsRecommend or require interoperability, such as by using GTFS and GTFS
realtime, in order to support statewide use of data by travelers and planners.

0 Pilots: ODOT might select standardsompliant vendors for selected pilots.

0 Statewide contracts with standardscompliant vendors: By securing contracts with
standards-compliant vendors and allowing transit agencies to purchase through those
agreements, ODOT could save transit agencies significant staff hours involved in contracting
and procurement.

0 Knowledge sharing:Encourage transt agencies that implement realtime systems to share
procurement documents and notes on their experience.

0 Support directories of realtime data: Add realtime data to oregon-gtfs.comand support
initiatives to add real-time to global directories such agransit.land and TransitFeeds.com

0 Validation and accuracy assessmenthe state could help provide transit agencies with
trusted, neutral tools to deploy GTFSealtime and check adherence and prediction accuracy
by hosting oroperating these systems.

Benefits

While some agencies see money spent on data and technologyrasiey not spent on providing
service data and technology have actually become essential to the provision of transit service,
particularly from the rider perspective. A growing body of academic and industry research shows
that adding reattime information grows transit ridership and improves rider satisfaction. At the
same time, incomplete or inaccurate tripplanning information can lead people to flee transit for
other transportation options that travelers perceive to be more reliable.

Vehicle location and realtime information systems for fixed-route public transportation can deliver
benefits for riders and improve operationd performance (which ultimately benefits riders). The

1Zak Accuardi, Chris Pangilinan, Aaron Antrim, and
Data Transit Riders Wanto prepared by TransitCenter

Summary 7
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http://gtfs.org/best-practices/

systems provide riders with the convenience of knowing when their bus, train, or other transit
vehicle will arrive. Transit service operations can refine the schedule and improve eime
performance, whch also benefits riders.

Benefits for riders

Realtime information can offer experienced transit riders many new benefits and lower the

learning curve for new riders2 One of the biggest benefits riders see with the implementation of
real-time data is decreased wait times. When riders have access to accurate bus arrival predictions,
they can plan their own arrival at the bus stop more exactly and are less likely to shays early for

a vehicle that is running late. Having access to reiime data can alleviate the uncertainty and
frustration of not knowing when a bus is really going to arrivé,which can also lead to a shorter
percelved wait time# and decrease the learmig curve for new riderss

Studies have also shown that redime info can increase feelings of safety for riders, especially at
nights/ T A OAOPT 1T AAT O Agbl AET AAh O) AAT bl AT xEAI
waiting at dark or remotestop086 311 A OEAAOO AOAT OADPI OOAA Al
real-time info, responding that they were more likely to walk to a different stoghat offered them a
faster trip.7 More walking could offer health benefits to riders.

Transit agencies lave seen increases in ridership after reaime implementation.8 @ Riders with
access to reatime data report making more transit trips, with more gains in noancommute trips.10
A study on New York City Transit showed an increase in ridership associated ithe availability of

m O

reakOET A ET & Of AOGET 1 8 04 &nde infoimAtidn incigdsdl Iridedhip byDaboltO O A Al

2C. Cluett, S. Bregman, and J. Richman (2003). "Customer Preferences for Transit ATIS," Federal
Transit Administration. Available at
http://ntl.bts.gov/lib/jpodocs/repts_te/13935/13935.pdf#sthash.jwn50ltr.dpuf

3 Brian Ferris, Kari Watkins, and Alan Bormig (2010), "OneBusAway: results from providing real
time arrival information for public transit," in Proceedings of the 28th International CHI Conference
on Human Factors in Computing Systems, Atlanta, Georgia, USA, pp. 1B816.

4 Kari Edison Watkins,Brian Ferris, Alan Borning, G. Scott Rutherford, and David Layton (2011),
"Where Is My Bus? Impact of mobile regime information on the perceived and actual wait time of
transit riders," Transportation Research Part A: Policy and Practice, Vol. 45 pp.®8848.

5C. Cluett, S. Bregman, and J. Richman (2003).

6 A. Gooze, K. Watkins, and A. Borning (2013), "Benefits of R&ahe Information and the Impacts

of Data Accuracy on the Rider Experience," in Transportation Research Board 92nd Annual
Meeting, Washimgton, D.C., January 13, 2013.

7 Brian Ferris, Kari Watkins, and Alan Borning (2010).

8 Lei Tang and Piyushimita Thakuriah (2012), "Ridership effects of redime bus information
system: A case study in the City of Chicago," Transportation Research PaE@erging
Technologies, Vol. 22 pp. 14861.

9 Brakewood, Macfarlane and Watkins (2015). The Impact of Re@ime Information on Bus
Ridership in New York City. Transportation Research Part C: Emerging Technologies, Volume 53,
pp. 59-7

10 Brian Ferris, KariWatkins, and Alan Borning (2010).

Benefits 8
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340 rides per weekday on the largest quartile of routes, which is a median increase of 2.3% of
route-i AOAT OEAAOOEEDS8S

All these beneits lead to stronger rider satisfaction with transit. After an implementation of the
real-time app OneBusAway, surveys found that 92% of respondents reported an increase in
satisfaction with public transit as a result of using the apg?

Benefits for agenies

Improved rider satisfaction and increased ridership are tremendous benefits in themselves and are
core goals of transit managers. Transit providers, including those that directly operate service and
that purchase operated services, can also expect inguements in operational performance.

The vehicle location provided by realtime data creates more operator accountability. Oversight of
vehicle behavior also makes it easier to review driver or ridereported issues that would usually
be difficult or time consuming to investigate.

Agencies have the ability to monitor the path of travel and arrivals of each bus, ensuring adherence

to schedules. These insights can lead to many improvements. Réale data can be used to réfie

schedules so that they more aeoately represent travel times. Schedules can be made more

AEEEAEAT O AU OAI T OETc O1TTAAAOOAOU OAxAll OEI Ads 1
can lead to improved onrtime performance.

Identifying locations with slow and/or variable travel and dwell times can help identify where

agencies should make capital improvements and/or service changes beyond just the schedule. This

can include identifying locations for transit signal priority, changing route alignments, stop

consolidation, and identifyingstops to be moved from neasside to far-side of intersection

ug AT AAAA %l EUAAAGE " OAEAXIT T A ¢_tirpetinfomatodic@ AT OE AUET C
Transit Ridershipd http://hdl.handle.net/1853/54029 )
12 Brian Ferris, Kari Watkins, and Alan Borning (2010).
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Functions and components

Summary of functions

These are functional groupings of components in redalme information systems:
0 Computer-Aided Dispatch andAutomatic Vehicle Location (CAD/AVL)Automatic vehicle
location (AVL) is essential to provide inputs to other functions. Computeaided dispatch

(CAD) is an optional (norressential) function.

0 Reakime passenger information (RTPI) System for generatingand providing arrival
estimates, vehicle locations, and service advisories to customers.
0 Performance measurementSystems that synthesize oiime performance and other key

metrics for managers, decisiormakers and planners.

Each function uses multiple components. Separating a realime system into components helps to:

0 Plan and build a system componenrby-component as needs arise, funds become available,
and technologies mature.

0 Negotiate with vendors through itemized (componentbased) costs.

0 Combine compnents from different vendors into one system, to implement cosefficient

and bestfit systems.

The notes on individual components, below, are intended to inform decisiemaking for system
design and build out. Additional recommendations are in therocurement section

Functions and components 10



Components & subcomponents

/ Mabile apps Street, station, and\

other public signage
Public dashboard
Website

IVR
Internal reports

Alert subscriptions SMS

Performance Measurement Trip planner
K RTPI /

GTFS-realtime
Service Alerts

Arrival predictions generation
Service advisories

management
. Vehicle
Schedule Diparc assignment
improvements . Schedules, Stops, Routes, Real-time management
o and Fares 9
GTFS (Static)

(Used as an input in many
systems.)

Wireless
connectivity
Real-time passenger

/ \\ information system (RTPI)

Locating

Headsigns Mobile data terminal:

driver sign on function/GPS Performance
Interior signs Measurement & Reporting
Bike rack
Automated stop CAD
annunciation Passenger load Computer-Aided
Dispatch and Automatic
On-vehicle passenger Farebox Vehicle Location
information (CAD/AVL)

Cameras

k On-vehicle functions \ Sensors // \ Key - Color codes /

Figure 2: Multiple components ofrealtime systems

CAD/AVL Components

Onboard location sensor

GPS (global positioning system) is the most populdocating technology today. Prior to 2000, many
AVL (automatic vehicle location) systems used groundbased beacons and odometer readings.
Today, some AVL systems may use a combination of technologiesuch as GPS with odometer

Functions and components 11



integration.13 Rail systems nost often use specialized location technologies that integrate with
track control systems.

Some parameters related to location sensing component include:

0 Location precision:To what distance of accuracy are the geo coordinates returned by the
locating systems? How reliable are those coordinates? In the case of GPS, this may be
affected by where antennas are mounted on the vehicle. Location precision may vary among
systems, but, given the reliability of consumegrade GPS, we assume this is not a primary
differentiator among real-time information technologies and approaches. In very dense
OOAAT AT OGEOIT1T AT OO xEOE T AT U OEUOAOAPAOON
diminish GPS performanc# but this is not an issue in rural, small town, suburban, and
medium-density urban environments. The accuracy and reliability of the locating system
can be improved by cellular wireless connectivity, which supports Assisted GPS-GPS),
and cellular network positioning where GPS is unavailable. Hardware or software jgport
for "dead reckoning" may also be used to mitigate the "urban canyon" effect.

0 Polling rate: The frequency with which location is transmitted to downstream components
(e.g. everyxseconds). Depending on hardware and software configuration, polling ratmay
be consistent, or it may be variable based on vehicle progress (more frequent when the
vehicle is moving, less frequent when it's stationary).

o Latency:A | AAOOORET A1 AOAAR x EEAE -tilé padsendeAD AT AO

information (RTPI) components downstream from the location sensor. Latency is the time
(e.g.xseconds) for information to flow from its source (e.g. vehicle positions from onboard
location sensor) to the customer interface. High latency diminishes the quality of the
customer expeiience. Low latency supports customer trust in the system; for example, a
mobile app can notify the customer a transit vehicle is arriving at a stop or has left near the
precise instant the event occurs. Latency can be affected by many components and steps
the system, including vehicle location transmission and GTH8altime data publishing.

Lower latency and higher polling rates translate to more timely information for riders and

dispatchers. In practical terms, a polling rate of every 10 seconds withd@mwnstream latency of 8
seconds means that after the location is polled, it will take 8 more seconds to get to the mobile app.
Then the location would be polled again after 10 seconds, meaning the users may see data that is up
to 18 seconds old. If a bukaves a stop traveling about 12 miles per hour, it will be almost one
Portland city block length away (317 feet) after 18 seconds.

Cellular connectivity on vehicles

The increasingly popularstandalone GPS Vehicle Trackepsovide connectivity through cellular
networks. This is simple and inexpensive to implement but the connectivity cannot be shared with
other onboard devices. GPS Vehicle Trackers, connected byoarboard diagnostics port(see
definition link), are low-cost and are supplied by some regime vendors. Trackers plug into and

are powered by this OBD port inside the vehicl&he GPS devices are easy to install. Some cellular

13 Understanding and Applying Advanced Ooard Bus ElectronicBy John J. Schiavone, National Research
Council (U.S.). Transportation Research Board, Transit Cooperet Research Program, Page 18.
https://books.google.com/books?id=ve3fgfNa85wC

14 MISRA, P., P. ENGE (2006). Global Positioning System: Signals, Measurements, and Performance, Second
Edition. Lincoln (MA), U.S.A: Gangdamuna Press.

Functions and components 12
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modems also include GPS functions and may allow iafling a GPS antenna outside the vehicle for
increased reliability and location precision. See the below section on wireless connectivity for
further notes on these technologies.

Cellular reception and RTPI performance

Some agencies may be concerned abowuhether lack of cell reception in rural areas negatively
impacts reattime system performance. However, some RTPI systems can withstand this sort of
outage and will continue tracking a bus once it comes back online. Particularly if there are no stops
withi n or near the service corridor without cell coverage, then this will not be an issue with an RTPI
that is designed for resilience to cellular coverage gaps. Reporting location coordinates also
requires less signal strength than is required for a phone calbo service gaps are not as common as
might be expected. Many agencies request a limitesttale pilot in order to test for possible issues
such as this.

Figure3:! ' 03 OOAAEAO PI OCO AEOAAOI U ET Of OEA OAEEAI A60 /"% I OO
Cellular modems(sometimes referred to as M2M or machingo-machine cellular modems}é

provide Wi-Fi and/or ethernet connectivity for onboard devices, and may also be used to provide

Wi-Fi access taiders. Radio-based systems utilize dedicated channels to communicate vehicle

information without the cellular telephone network.

Other onboard sensors
On-board sensors that track information other than location can be a source of further operational
data and customerfacing information. Possible sensor capabilities include:

0 A sensor that indicates bike rack position and utilization can determine operational costs
(time) of bike loading in historical analysis, and to indicate if bike racks are in use in
customer-facing reattime information. Many common bike racks come equipped with a
sensor that indicates to the driver if the rack is up or down as a safety feature, since their

Az o~ o~

OEOEiIT EO 1T £#O0AT 1T AOAOOAA8 ) 060 btimoYsiehitdd OF xEO

15 Image source: https://www.fleetminder.com.au/gps-vehicle-tracking-devices/five-reasonsgps-vehicle-

tracking-devices/

' 11T ¢l A 3EI BPET ¢ OAAOAE OAOOI 0O A& O Oic¢i AATTOI A0 1 1TAA
https://www.google.com/search?hl=en&output=search&tbm=shop&gq=m2m-+cellular+modem
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track bike usage. Newer bike rack models from Sportswork&can be equipped with a

sensor on the arm that hooks around the bike wheel. In this case the number of bike spaces
in use could be tracked and possibly used to provide availabilityio to riders.18

Automatic passenger counting and passenger load sensors are useful for historical analysis
and to indicate passenger crowding conditions in customefacing reattime information.
Wheelchair lift/ramp operation sensors can record uses of theamp for historical analysis

and optimization of schedules.

(@]

O«

Vehicle assignments

A mobile data terminal (MDT)2° can be used by a vehicle operator to sign in and designate the
route/trips they are operating. Until recently, specialized hardware was almost always used for this
component, but more generic hardware, including ruggedized and consumgrade tablet
computers, is now commonly used. Below are the merits of each:

0 Generic hardware20
Pro: Equipment is readily available and inexpensive. If equipment fails or is stolen, it
can be inexpensively and quickly replaced.
Con: Consumerade tablets, for example, areesigned to run a variety of
applications. The variety of functions in their operating system software may cause
less software reliability (application crashes/bugs).

0 Specialized hardware:
Pro: Greater reliability as a singlgpurpose device.
Con: May be rore expensive. Less readily available components make replacement
more difficult.

Some software, such aSwiftly Transitime and TheTransitClock automatically assign vehicles to
trips and blocks. Blocks In GTFS, blocks describe vehicle assignments to runs (or trips) in the
transit schedule. A "block" consists of two or more sequential trips made using the same vééic

Dispatch and driver schedule adherence feedback
A mobile data terminal (definition link ) can be used to provide instructions and infamation to
operators, including:

0 Temporary re-routes (detours)

~

0 Realtime schedule adherence and dwell time feedback

Dispatching for headwaybased schedules
Headway-based schedules (for which there are not prscheduled times) require a realtime

dispatch aproach to avoid bus bunching. TheTransitClocgrovides one exampleof a method to

use reattime location data o dispatch vehicles according to current operating conditions, instead
of a schedule. This method provides holding instructions to operators at control points according to
the natural headway.

17 https://www.sportworks.com/products/transit _-bike-racks

18https://www.ourstreetsmp Is.org/metro_transit_puts_sensors_on_bike racks_to track_usage_in_pilot progr
am

19 TransitWiki: https://www.transitwiki.org/TransitWiki/index.php/Mobile_data_terminal

20 Example ruggedized terminal runs Linux and Androidhttps://www.amazon.com/Rugged-Mobile-
Terminal-Android-Linux/dp/BO1F16AVIC

Functions and components 14


https://www.goswift.ly/transitime/
https://github.com/thetransitclock
http://www.masstransitmag.com/article/12358944/from-research-to-practice-implementing-real-time-control-to-avoid-bus-bunching
https://www.sportworks.com/products/transit-bike-racks
https://www.ourstreetsmpls.org/metro_transit_puts_sensors_on_bike_racks_to_track_usage_in_pilot_program
https://www.ourstreetsmpls.org/metro_transit_puts_sensors_on_bike_racks_to_track_usage_in_pilot_program
https://www.transitwiki.org/TransitWiki/index.php/Mobile_data_terminal
https://www.amazon.com/Rugged-Mobile-Terminal-Android-Linux/dp/B01F16AV9C
https://www.amazon.com/Rugged-Mobile-Terminal-Android-Linux/dp/B01F16AV9C

Figure 4: A Lextran bus' mobile data terminal, top, serves as a GPS device and receives information from the dispatch
center and the control panel for the electronic farebo%?

RTPI Components

Arrival time prediction

31 £O0xAOA DPOAAEAOO I O OAOOEI AGAOGS xEAT A OAEEAI A
this information to riders. This software generally requires transit schedules, vehicle locations,

route/trip assignments, and historical data (collected from past operation) to produce predictions.

There are various arrival prediction algorithm types. Most use a statistical model approach,
informed by past operational dataTheTransitClockoffers a prediction method based on machine
learning. Scheduled and frequencpased systems may necessitate different prediction algorithms,
so the capabilities of the prediction system should be matched to the service type.

Assessing predidion accuracy is crucial. Without a trusted method to assess prediction accuracy,

there is no mechanism for vendor accountability or to discover and fix recurring regime system

performance issues. Some arrival prediction software includes a builh function for assessing

prediction accuracy. Alternatively, this assessment can be performed by software independent from

the RTPI vendor and their product, offering additional accountability and trust in the results. An

independent downstream GTFSealtime sofOx AOA EO Al 01 A AAOOAO pOI gUu £

21 |mage sourcehttp://www.kentucky .com/news/local/counties/fayette -county/article44369406.html
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https://github.com/thetransitclock

because it can identify all the same issues (i.e. higdiency in the GTFSrealtime feed) that a
customer-facing application does.

)y ") ' Ol OérdsmadFoubed Kethodology for Determining Prediction Accuracy Using
Automatically Colled A A $aATRB\paper by Farah Machlab and-emthors 22 and an associated
presentation at the 2017 ITS World Congreg3provide a methodology for assessing prediction
accuracy. John Levin of Metro Transit (Minneapolis) has submitted a TCRP Synthesis project

DOl BT OAT 11 OORAAMOMOEATCORARAAIT £ Of AGETT | AAOOAAUG

Service advisory publishing
Service adisories (or alerts) provide information that cannot be encapsulated in an arrival

estimate.

Advisories can providecause and contexfor exceptions and delays, such as:

0 Demonstration

0 Collision

0 Mechanical issue

0 Weather

0 Construction

0 Police activity

0 Medicalemergency

Advisories can provide specific information aboutservice changes/exceptions

0 Significant delays

0 Detour

0 Additional service

0 Modified service

0 Stop moved or closed

Using GTFSealtime, service advisories can be targeted for display with particutastops, routes,

and trips. This service alert feed can be ingested by apps, websites, and electronic signage to
provide riders with the most up-to-date information for their trips. These are some tools to manage
and publish service advisories:

)") 60 40AT 0EO !'1 AOOO

40EI 1 EOI 60 40AT 0EO 1 ADODGO

0 OneBusAway Service Aleres

[@]3

(@]

22 Transportation Research Board paper 1-04789 http://amonline.trb.org/63532 -trb-1.3393340/t005 -
1.3409009/249-1.3409732/17 -04789-1.3402139/17-04789-1.3409740

23 http://itsworldcongress2017.org/wp -
content/uploads/2017/11/Machlab_IBI_PredictionAccuracy Presentation_ITSWC.pdf

24 Documentation for developers:http://developer.onebusaway.org/modules/onebusaway -service-
alerts/current/

Application code: https://github.com/OneBusAway/onebusaway-service-alerts
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https://drive.google.com/file/d/1ULOj-qpkYorGx5AdcN3DOV_hvBVLCP0U/view
https://drive.google.com/file/d/1ULOj-qpkYorGx5AdcN3DOV_hvBVLCP0U/view
https://drive.google.com/file/d/1ULOj-qpkYorGx5AdcN3DOV_hvBVLCP0U/view
http://itsworldcongress2017.org/wp-content/uploads/2017/11/Machlab_IBI_PredictionAccuracy_Presentation_ITSWC.pdf
https://www.ibigroup.com/ibi-products/transit-alerts/
https://trilliumtransit.com/gtfs/transit-alerts/
http://developer.onebusaway.org/modules/onebusaway-service-alerts/current/
http://itsworldcongress2017.org/wp-content/uploads/2017/11/Machlab_IBI_PredictionAccuracy_Presentation_ITSWC.pdf
http://itsworldcongress2017.org/wp-content/uploads/2017/11/Machlab_IBI_PredictionAccuracy_Presentation_ITSWC.pdf
http://developer.onebusaway.org/modules/onebusaway-service-alerts/current/
http://developer.onebusaway.org/modules/onebusaway-service-alerts/current/

Mobile apps

Smartphone apps can help customers plan trips and locate nearby stops and routes. The apps
provide arrival estimates, vehicle locations, and service advisories. Some mobile apps are specific
for a particular agency, while others provide information for many agencies (e.Google Maps
Moovit, or _7ransifs).

Most third-party mobile apps depend on open data formats such as GTFS and Giigg®ime. If high
quality and accurate data is supplied to these thirgbarty applications, the applications in turn are
able to provide high-quality and accurate information to customers. Irsome circumstances, mobile
apps (e.g.7ransit or Google Mapsmay generate their own arrival predictions using vehicle
position data (rather than merely display supplied data), and use this instead if agensypplied
arrival predictions are found to be oflower quality.

Many third-party mobile applications are rated highly, incorporate multiple modes and transit
services, and are free for agencies and customers. Some thparty mobile apps offer partnership
programs. Some of the most popular and weknown examples are in the table below.

Popular Realtime Mobile Apps

Google Maps Google Map2$ provides a free trip planning app that provides reatime trip
updates and service alerts to riders. The app also offers trip planning with
multiple mode choices, user location, favorite locations. In addition to GTF§
static, agencies that want their ral-time data represented in Google Maps
need to provide a GTFSealtime feed in protocol buffer format. GTFS
realtime can be represented in 3 separate feeds: Vehicle Locations, Trip
Updates, and Service Alerts. Note that vehicle locations are not visualizin
Google Maps, but that information can be used to generate predictions if a
Trip Updates feed is not available.

OneBusAway OneBusAway’ provides a free, opersource mobile app that includes arrival
estimates, service advisories and push notifications. The app shows rdghe
vehicle locations, departure information, and allows users to set favorites
and alarms. The OneBusAway software @&vailable free of charge under the
open sourceApache License, V228, Transit agencies and independent
developers are free to use, modify, and enhance the software in accordance
with the terms of that license to meet their own needs.

25 https://transitapp.com/

26 https://www.google.com/maps

27 https://onebusaway.org/

28 http://www.apache.org/licenses/LICENSE-2.0.html
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Transit

Transitd2@program provides partner transit agencies with usage data,
including A-to-B trip plan requests, traveler mode choices, redalme

infor mation lookup requests, locations of users when they open the app, an
favorite locations indicated by users. Location data is slightly modified to
pOil OAAO OOAOO6 DPOEOAAU8S 4 0AT OEO Al
customizations to allow agencies to eercise more control over how their
services are presented.

To qualify for the Transit Partner program, GTFRS$ealtime is preferred but
not necessary. Transit can also work with select other (GPS/AVEPI (see
definition link) formats. If only vehicle positions (not arrival predictions) are
available, Transit uses their own engine and algorithms to provide arrival
predictions.

Though there is no cost for transit agencies to participate in the partner
program, 7ransitrequires participating transit agencies to endorse the app
and promote Transitto their riders as their official or recommended app for
trip planning and real-time information. Some transit agencies, such as

"T 00T T80 -"41h AT 1T AOAO Anddksing thelagp® O H
Many other transit agencies deliberate internally and make an endorsement
without a public competition.

Moovit

Moovir! partners with municipalities, transit operators and big events
around the world. Partners receive access to an online application called thg
Moovit editor, which gives the transit agency the ability to edit route lines,
publish service alerts and send pus notifications to the Moovit app users.
Every activity in the editor is published and available in the app
automatically. Moovit also allows the option for riders to contribute
information to the Moovit editor.

Moovit shares usage data and analytics,dhluding an origin-destination
visualizer, with its partners through a product called the Smart Transit
Suite32 Moovit also advertises their own realtime prediction system.
-1T1T OEO80 AAZEAOI O OAOOGEAA OAOI O 00O/
be redricted in their use of static and realtime data in other systems.

Free and universal transit apps often earn revenue by linking to shareased mobility options such
as transportation network companies (TNCs) like Uber, Lyft or bikeshares. This may béutility to

AOOOT i A0O8 4ET OCE EO EAOIT 80 AAAT OAAT O1 AA Al EO

that links to a TNC might follow business interests that are at odds with those of the transit agency.

Reasons that agencies choose itmplement an app that is specifically for their agency (including

29 https://transitapp.com/partners/transit

3004 EA - "4l
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http://www.wbur.org/bostonomix/2016/09/06/mbta  -best-transit-app
31https://www.solutions.moovit.com/
32 https://www.solutions.moovit.com/
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with branding) might include desires to:

0 Suppress the display of other modes and options. Suppressing display of other modes is
OAOAIT U ET OEA AOOOI I AOOS6 ET OAOAOOS

0 Integrate information functions within a ticketing app.

0 Gather customer usage data.

0 Showcase the agency brand through the app name, icon, interface colors and elements.

The above desires and perceived benefits should be weighed carefully against the costs and
potential limitations associated with an agencyspecific app, as many highlyated third -party
applications are available to customers. Customers often appreciate and benefit from a universal
app that works for many agencies and allows them to travel across agency boundaries.

When a mobile app is being evaluated by a transit agency, customer experience should be a top

consideration. Customer ratings are available in Apple and Android application marketplaces (App
Store and Google Play Store).
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Realtime Passenger Information Corponents/Features

Functions and components
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Text/SMS

An SMS response system allows customers to receive predicted arrival timeg
by texting a stop code to a number. This enables customers who do not wan
to download an app or do not have a smartphone to look up times. Codes ng
to be defined for each stop. It is recommended that stop codes not have
unnecessary digits so that they are easier for customers to remember.

IVR (Interactive

voice response)

An IVR system allows customers to hear predicted arrival times by calling a
number and entering or saying stop codes. Sometimes these features are
incorporated into a 511 system.

Functions and components
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Websites & web
apps

Websites can show arrival estimates, a vehicle location map, or service
AAOGEOI OEAO8 [/ 1 BusAmna babed dn OBeBusAwhy, @hizh
allows riders to search by intersection, route, or stop code to find arrival
predictions, service alerts, and reatime bus locations on the map.

MTA . Bus Time® ¥
 Text/ Moble | About | Contact | Deveopers | Help |

o
B63 7~
TIP: Enter an intersection, bus route or bus stop code

B63 PIER 6 BKLYN BRIDGE PK via 5 AV
Routes: Vehicle #455 | Data updated 17 seconds ago
B63 Bay Ridge - Cobble Hill Next stops:
& 5 AV/44 5T 0 minutes, at stop
via 5th Av / Atlantic Av

& 5AV/41 ST 1 minute, 1 stop away g
& 5 AV/39 ST 3 minutes, 2 stops away
Ay Service Alert for B63

Service Alert for B63  + Click for info
Various BKLYN buses are running with delays in

both directions because of iraffic conditions in

! While at the bus stop...
the downtown Brooklyn area. See mta.info

Check this route on your smartphene.
P to BAY RIDGE SHORE RD via 5 AV

Center & Zoom Here
P 1o PIER 6 BKLYN BRIDGE PK via 5 AV v

E}gj’

A view of a specific vehicle on thé&63 route in Bus Time.

® @ ' oneBusAway x Danielle
€ > C |©® oba.rvtd.org:8080/onebusaway-webapp/where/standard/#m(location)lat(42.3285468)|on(-122.87537229999998)acc... vr | Bl 3> [+)
Home Tools Research  ContactUs  Settings
OneBusAway
Search for stops:
Where Is Search
Your Bus? By address (ex. "3rd and pike") or route number (ex. 44" or "71"). i i
Y ( pike®) g Link to the current view
ac Map  Sstelite E Jackson St E Jackson St E Jackson St Taco.Bel E Jackson: [ 3
- % S
5 Shell <
P ) =
& 5 )
P = & £
b . L can®
&3
Shoes Right Here 2 %

@

8

%
S,
%
2
(2
A 5
N Pear Blossom

<

N Front St - South of 5th St %
040500 - SE bound N

al-time arrival info
Complete timetable

4
Routes: s

g =@ E] fican ~ ov° o
@' Soo Rah Korean Cuisine Q @

Medford Social 5
anch Club Poker Room &

+
3 Vogel Plaza e

S o e -
b 9 o

Google o

ROC/IN |
BricktownE  Map data 2018 Googlé * Terms of Use Report a map efror

Example of the OneBusAway web interface for Rogue Valley Transportation District
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http://bustime.mta.info/
http://bustime.mta.info/#b63
http://oba.rvtd.org:8080/onebusaway-webapp/where/standard/#m(location)lat(42.3285468)lon(-122.87537229999998)accuracy(6)ll(42.3275,-122.8735)spn(0.0038,0.0062)

® © ® /@ nNFront St-Southof 5th St~ x

Aaron

C 1Y | @ oba.rvtd.org:8080/onebusaway-webapp/where/standard/stop.action?id... ¢ ® =B
one Bu sAway Home Tools Research Contact Us
N Front St - South of 5th St
Stop # 040500 - SE bound
route destination minutes
FRONT ST STATION
61 05:17 - scheduled departure NOW
40 MEDFORD / FRONT ST STATION 7
05:22 - 7 min delay
MEDFORD / FRONT ST STATION
40 05:50 - 5 min delay 35

Last Update: 05:15 PM
Nearby stops:
« Front St - South of 5th St - NW bound

Stop details:

« See the full schedule for this stop (# 040500)
+ Show arrival times

+ See multiple stops or filter routes

+ Search for another stop

Schedule and arrival data provided by RVTD

Arrival predictions for N Front Street (Rogue Valley Transportation District) in OneBusAway
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Subscription-based
alerts system

O0OOE 11 OEZAEAAOQEIT T 06 AU 3-3h Al AEI
disruptions or changes.
Examples include:

0 Push message (subscriptions) feature in Transit app

0 GovDelivery

Public (on-street)
signage

On-street or in-building signage showsscheduled and predicted arrival times
or other transit information.

Common sign hardware types are LED, video monitor display, andlik.
Cascades East Transit has installed a monitor in one of their transit depots
that shows realtime arrivals by using atransit widget33 provided by the
Transit App.

On-vehicle signage

Headsigns on the front of the bus indicate the route, direction, and/or a final
destination of the vehicle. Interior signage can indicate the next upcoming
stop. These signage systems depend on vehicle location ($eeation sensoi)
and on route/trip assignments (seevehicle assignment$.

Stop announcements

(AVA/Automated

Voice Annunciation)

An automated system triggered by bus location announces the next upcomin
stop, which depends o the same inputs as ofvehicle signage.

Performance analysis and dashboards

Functions and components
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http://ridecenter.org/test.html
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https://docs.google.com/document/d/1hp8lrOinOlFGCSiwbY416VjUHXN-WiLXaxbBiaRX8tc/edit?disco=AAAACBc8gq0&ts=5b4d4880#heading=h.zgzcf66bqulm

Transit agencies use performance analysis and dashboard tools for several purposes, outlined
below with example reports.

Purpose

Example reports & indicators

Dispatch and live
monitoring

Live Map:Filter and locate vehicles in real time on a map, showing attributes such
as ontime performance, headway adherence, or vehicle direction.

Public dashboards

Provide high-level decisionmakers and/or members of the public with keyhigh-
level metrics such as systenwide or route-level schedule adherence.

Retrospective
performance
assessment and
optimization

GPS Playbackkeplay vehicle movements for a particular route or vehicle ID.

On-Time Performance:Compare real vehiclerrival times to scheduled arrival
times, analyzing ontime performance by route, stop, and time of day. Assess if
vehicles go into service oftime.

Vehicle SpeedVisualize vehicle speeds and dwell times to locate slowdowns.
Where do vehicles traveklowly and incur delay, where queue jumps or transit
signal priority could provide the most benefit? Incorporate boardings and
passenger loads to determine how delay correlates to ridership demand.

Runtime: Compare actual travel times with scheduled tragl times and slack
between trips, and view distributions of actual travel times for each scheduled trip

Missed trips: Which vehicle trips are scheduled but not operated (or not logged)?

Customerperspective metrics

0 Reliability: How frequently do delays occur?

Travel time & access: What is the effect of delays on overall travel time
and destination access? |.e. How much time is added to an average
OOAOAT AOBO Aiii OOAe

O« O

Mandated reporting
tools

Report production: A reporting tool that uses historicd vehicle location data to

fulfill reporting requirements, for example for the Federal Transit Administration
&4 8 Y1 PAOOEAOI AOh OOAE O611T10 1A

miles and operating hours including deadheading and revenue sece for the

. AGET 1T Al 40AT OEO $AOAAAOA APDPI EAO 1

those with 30+ vehicles and/or fixed guideways; reduced reporters are those with

less than 30 vehicles. Only full reporters also need to report passenger miles

traveled (PMT).

Realtime system
performance
monitoring

System status monitoring: Monitor and log the status of the application and data
streams. Send timely alert messages when application issues occur.

Reaktime prediction quality monitoring: A prediction monitoring tool records,
analyzes, and benchmarks the quality of vehicle arrival predictions. This tool help
transit agencies ensure that vendors are meeting their contracted quality levels.
This can pinpoint deficiencies in prediction accuray and identify their potential
causes.

Functions and components
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Example performance dashboards

MBTA Performance System

The MBTA performance dashboargt (for Massachusetts Bay Transportation Authority in Boston)
provides public onrtime reliability, ridership, and financial information. The MBTA also has

Ei b1 Ai AT OAA ET OAOT A1 AAOEAT AOAOh ET Al OABAPIC OI
for developers® makes performance metrics available to thirdparty applications. The performance
management system consumes GTH8altime data, so it can sit upstream of any AVL and RTPI
system tha provides a GTFSealtime Vehicle Positions feed. Some of the reports generated by the
software factor in passenger arrival rates to better measure the effect of service disruptions and
delays. MBTA plans to release the source code under an opsurce license3s

TheTransitClock
TheTransitClock?, maintained and led by Sean Og Crudden from DynamicTime, is an ogenrce
platform that uses historical and realtime vehicle location data to help transit agencies improve
their services. It is utilized by several vendors, including goEuropa, Omnimod&lambridge

Systematics and DynamicTime.

g5
DO NOTQUIT:

Figure 5: An Atlanta Streetcar dispatcher ges the DynamicTime dashboaré?

34 hitp://mbtabackontrack.com/

35 hitps://www.mbta.com/developers/mbta -performance

36 http://www.apta.com/mc/revenue/previous -
conferences/2017revenue/presentations/Presentations/Performance%20Measurements%20Using%20Real
-Time%200pen%20Data%dDFeeds%20The%20MBTAperformance%20system%20
%20Ritesh%20Warade.pdf

37 www.thetransitclock.org

38 |mage source: http://www.masstransitmag.com/article/12358944/from -researchto-practice-
implementing-real-time-control-to-avoid-bus-bunching
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http://www.thetransitclock.org/

OneBusAway

The opensource OneBusAway suite includes functions for assessing prediction quality.
OneBusAway includes &Vatchdog module3® which monitors and logs the status of the

OneBusAway application and data input streams. Some OneBusAway instances connect Watchdog
to Amazon Web Services Cloudwatch to send timely alert messages when application issues offcur.

Swiftly Insights

Swiftly Insights#! is web-based softwareas-a-service to store and analyze archived operational
data, with reports and maps to analyze performance.

SeelList of vendorsfor those that offer performance reports.

Data & interface standards

The components of a single redime system can be supplied by one to several vendors. A mullti
vendor approach requires application interoperability & modularity ? the capability for modules
to be connected together and function as an integrated system.

Benefits of interoperability

Interoperability enables multi-vendor systems, which means that not all modules are supplied by
the same vendor, or even installed by the same system integor. Components from multiple
vendors can be set up to work together to avoid gaps in functionality and enable greater system
flexibility over the long-term.

Even for a singlevendor system, designing for interoperability maintains open doors for future
opportunities. As practices change and needs and opportunities arise, information technology
systems need to be remodeled and extended. Interoperability means new components, from any
vendor, can communicate with each other using industry standard data forats. This helps to
prevent vendor lockin and can provide increased flexibility in the future. Seen as a building, an
interoperable architecture will allow adding and remodeling rooms without replacing the entire
structure. Interoperability enables the cae components of a system to be procured by an agency in
an initial phase, with confidence that additional components can be added later, procured from
among a choice of vendors.

Interoperability also enables use of thirdparty applications and partnerships. Third-party
applications, such as apps for trip planning and arrival estimates and public signage, are created by
independent software developers and companies using official data fee¢tsThird -party

39 Watchdog application codehttps://github.com/OneBusAway/onebusaway -watchdog

40 Watchdog announcementhttps://groups.google.com/d/topic/onebusaway -

developers/wH_kDZmPX3w/discussion

Watchdog & AWS Cloudwatch integratiorttps://github.com/OneBusAway/onebusaway -

watchdog/issues/1

41 https://www.goswift.ly/swiftly _-insights/
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applications provide information channels that riders already use, like Google Maps. Such
applications are available at no cost to the transit agency.

The Interoperability Working Group of the Association of Free Software Useépalefines

ET OAOI PAOAAEI EOU AO OA AEAOAA @hateE dedcEmipletelyE A D OT AOA
understood, to work with other products or systems, present or future, in either implementation or
AAARAOOh xEOET O® AT U OAOOOEAOQOETT 086

The group distinguishesinteroperability from compatibility in that interoperability requires many-

to-many compatibility among systems.

Compatibility Interoperability

Requirements for interoperability - Interface and data formats
Shared interfaces (application programing interface or API) and shared data specifications are
necessary toachieve interoperability.

GTFS (static)

4EA ' AT AOAT 40AT OEO &AAA 3PAAEEAEAAOQEITI ''4&3 h Al
differentiate it from GTFSrealtime, describes transit stops, routes, schedules, and fares. GTFS is

generally updated not more han once every few days.

More on GTFS:

https://www.transitwiki.org/TransitWiki/index.php/General_Transit Feed_Specification

Since reaitime prediction systems need schedule, stop, and route information, GTFS is used as an
input for many prediction and reaktime systems, including Swiftly, OneBusAway, NextBus, and
vendors that use TheTransitClock (DynamicTime, Omnimodal and Cambridge Systematics). This

43 https://aful.org/gdt/interop
44 http://interoperability -definition.info/en/
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