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About this white paper 

Audience and purpose for this paper 

This paper was prepared for Oregon Department of Transportation (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) fixed-route transit providers that are designing and 

procuring real-time systems or providers that already have a real-time system they wish to expand, 

replace, or assess. The paper outlines technology considerations and choices for these 

organizations. Real-time for fixed-route transit is distinct from real-time dispatch for demand-

responsive transportation [See Ȱ&ÌÅØÉÂÌÅ 4ÒÁÎÓÐÏÒÔÁÔÉÏÎ 3ÅÒÖÉÃÅÓȱ on TransitWiki]. 

 

Authors 

This white paper was written by a team of consultants with Trillium Solutions, Inc. Ȱ4ÒÉÌÌÉÕÍȱ ȟ Á 
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 interoperaÂÌÅ ÄÁÔÁ ÈÁÓ ÂÅÅÎ Á ÃÏÒÅ ÐÁÒÔ ÏÆ 4ÒÉÌÌÉÕÍȭÓ 
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 experts, Trillium discloses ongoing vested interest in the transit data 
and real-time space: 
¶ 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 GTFS-realtime. 
¶ Trillium has provided GTFS data for use in a variety of real-time information systems, 

including those offered by Swiftly, NextBus, Syncromatics, and others. 
¶ Trillium has a commission-based resale agreement with Swiftly. 
¶ Trillium regularly partners with Transit [app], IBI Group, University of South Florida, 

Cambridge Systematics, and other groups mentioned in this document or involved in real-
time information. 

¶ Trillium deployed and hosts the open-source OneBusAway software for Rogue Valley 
Transportation District. 

 

 

Paper sections 

 

The following questions are addressed by each section. 

http://www.oregon.gov/ODOT/RPTD/Pages/RPTD-Committees.aspx
https://www.transitwiki.org/TransitWiki/index.php/Flexible_transportation_services
https://trilliumtransit.com/
http://trilliumtransit.com/
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ǒ Summary: A four-page outline of system definitions, principles, and recommendations. 
ǒ Benefits: How do riders benefit from real-time information? How do transit organizations 

use real-time information to gather insights? 
ǒ Functions and components: How can real-time information systems be separated into 

components, and what mechanisms and data standards exist for interoperability between 
systems? 

ǒ Planning and design: How should a transit agency consider and articulate needs and 
priorities for a real-time system to inform later procurement and implementation choices? 

ǒ Procurement: What are recommended steps for procuring real-time information system 
components? 

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

ǒ Operation & Evaluation: How can a real-time information system's performance be 
assessed? What should transit agencies expect during the phase of operation? 

ǒ List of vendors: Summary of cost ranges, with an extensive but non-comprehensive list of 
vendors that provide real-time information system components. 

ǒ Agency experiences in Oregon: Time requirements for real-time information system 
procurement, implementation, and ongoing operation for 4 transit agencies in Oregon. 

ǒ Recommendations for ODOT & Regional Organizations: How can regional organizations 
such as ODOT balance and support both regional goals and priorities and local autonomy? 

ǒ Glossary of terms used throughout this document. 
ǒ Suggested real-time system requirements, including hardware performance, support, base 

features, and open data formats and licenses, which 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  

&ÏÒ ÔÈÅ ÐÕÒÐÏÓÅÓ ÏÆ ÔÈÉÓ ×ÈÉÔÅ ÐÁÐÅÒȟ ȰÒÅÁÌ-ÔÉÍÅ ÔÒÁÎÓÉÔ ÉÎÆÏÒÍÁÔÉÏÎȱ ÉÎÃÌÕÄÅÓ ÔÈÒÅÅ ÍÁÉÎ ÆÕÎÃÔÉÏÎÓȡ 

ǒ Computer-Aided Dispatch and Automatic Vehicle Location (CAD/AVL) 

ǒ Real-time passenger information (RTPI) 

ǒ Performance measurement 

In the past decade, these systems have become more common for transit systems throughout the 

world.  

Components 

Functional area Components 

Computer-Aided Dispatch and Automatic Vehicle 

Location (CAD/AVL)  

ǒ On-board location sensing (GPS and other 
technologies) 

ǒ Wireless connectivity 
ǒ Assignment of vehicles to runs & routes 
ǒ Computer aided dispatch for driver 

instruction and re-routes 

Real-time passenger information (RTPI): System 
for providing arrival estimates, vehicle locations, 
and/or service advisories to customers. 

ǒ Mobile apps, including popular 3rd party apps 
such as Google Maps. 

ǒ SMS text messaging 
ǒ Interactive voice response (IVR) 
ǒ Public signage/displays 
ǒ Open data 

Performance measurement: Systems that 

synthesize on-time performance and other key 

metrics for managers, decision-makers and 

planners. 

ǒ Dashboards 
ǒ Report systems 

 

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 but non-

comprehensive review of real-time vendors and the components and services they provide is in this 

vendor list [Google Spreadsheet]. 

Benefits 

Real-time systems can bring many benefits to riders, transit 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 benefits is listed below.  

https://www.google.com/maps
https://docs.google.com/spreadsheets/d/1KISVEeoFNRBuM3T80gbm8AG5m_FZw9_9a2ChaiSeJ5E/edit?usp=sharing


 

Summary 

 
5 

 

Benefits for riders: 

ǒ Reduced actual wait time at bus stop 

ǒ Reduced perceived wait time at the bus stop 

ǒ Greater peace of mind and feelings of safety 

ǒ Decreased learning curve for new riders 

 

Benefits for transportation providers: 

ǒ Improved rider satisfaction 

ǒ Increased ridership 

ǒ Greater operator accountability 

ǒ Improved on-time performance 

ǒ Informed schedule improvements  

ǒ Informed capital improvements/investments 

 

Benefits for ODOT/regional organizations: 

ǒ Improved rider satisfaction 

ǒ Visibility of operated transit networks 

ǒ Informed capital improvements/investments 

Recommendations 

Recommendations to transit providers 

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

operating real-time transit information systems. These recommendations, outlined below, are 

based on interviews with transit agencies that have implemented real-time systems, interviews 

×ÉÔÈ ÖÅÎÄÏÒÓȟ ÁÎÄ ÔÈÅ ÁÕÔÈÏÒÓȭ ÅØÐÅÒÉÅÎÃÅ ×ÉÔÈ ÒÅÁÌ-time systems. 

Planning 

1. Plan a modular (see definition link) system design by understanding the system in terms of 

components and functions. Standardized data formats such as the General Transit Feed 

Specification (GTFS) and GTFS-realtime and interoperable interfaces enables modularity. 
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Below is a diagram of how real-time system components fit together. 

 
Figure 1: Modular system design 

 

A modular and standards-based 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 lock-in. 

 publish data to 3rd party applications and regional systems. 

2. Establish core objectives to guide requirements. 

3. )ÄÅÎÔÉÆÙ ÔÈÅ ÔÒÁÎÓÉÔ ÐÒÏÖÉÄÅÒȭÓ ÅØÉÓÔÉÎÇ ÒÅÓÏÕÒÃÅÓ, including: 

 hardware, software and interfaces. 

 staff time and expertise. 

4. Conduct an industry survey to develop an understanding of possible solutions. 

 

Procurement 

1. Consider a pilot  to evaluate a system through hands-on 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 respondents. Appendix A offers 

suggested requirements. 

 

GTFS 

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

Real-time 
passenger 
information 

(RTPI) 

Performance 
Measurement 

GTFS-realtime 
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Operation 

1. Keep data inputs up to date: GTFS (static) needs to be kept current for all schedule changes 

and maintained according to GTFS Best Practices.  

2. Monitor passenger usage and feedback: Mobile apps, SMS & IVR queries, and customer 

feedback can provide useful analytics and help discover issues. 

3. Monitor prediction accuracy & real-time 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 on-time performance.  

 

Recommendations to ODOT 

This white paper makes suggestions to ODOT to support successful and widespread 

implementation and operation of real-time transit information in Oregon: 

ǒ Set standards: Recommend or require interoperability, such as by using GTFS and GTFS-

realtime, in order to support statewide use of data by travelers and planners.  

ǒ Pilots: ODOT might select standards-compliant vendors for selected pilots.  

ǒ Statewide contracts with standards-compliant 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. 

ǒ Knowledge sharing: Encourage transit agencies that implement real-time systems to share 

procurement documents and notes on their experience. 

ǒ Support directories of real-time data: Add real-time data to oregon-gtfs.com and support 

initiatives to add real-time to global directories such as Transit.land and TransitFeeds.com.

ǒ Validation and accuracy assessment: The state could help provide transit agencies with 

trusted, neutral tools to deploy GTFS-realtime and check adherence and prediction accuracy 

by hosting or operating these systems. 

Benefits 

While some agencies see money spent on data and technology as money 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 real-time information grows transit ridership and improves rider satisfaction. At the 

same time, incomplete or inaccurate trip-planning information can lead people to flee transit for 

other transportation options that travelers perceive to be more reliable.1  

 

Vehicle location and real-time information systems for fixed-route public transportation can deliver 

benefits for riders and improve operational performance (which ultimately benefits riders). The 

                                                             
1 Zak Accuardi, Chris Pangilinan, Aaron Antrim, and Greg Rucks. Upcoming (unpublished) report: ñThe 
Data Transit Riders Wantò prepared by TransitCenter and Rocky Mountain Institute. 

http://gtfs.org/best-practices/
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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 on-time 

performance, which also benefits riders.  

Benefits for riders 

Real-time information can offer experienced transit riders many new benefits and lower the 

learning curve for new riders.2 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 show up early for 

a vehicle that is running late. Having access to real-time data can alleviate the uncertainty and 

frustration of not knowing when a bus is really going to arrive,3 which can also lead to a shorter 

perceived wait time,4 and decrease the learning curve for new riders.5 

 

Studies have also shown that real-time info can increase feelings of safety for riders, especially at 

night.6 /ÎÅ ÒÅÓÐÏÎÄÅÎÔ ÅØÐÌÁÉÎÅÄȟ Ȱ) ÃÁÎ ÐÌÁÎ ×ÈÅÎ ÔÏ ÌÅÁÖÅ ÔÈÅ ÈÏÕÓÅ ÂÅÔÔÅÒ ÁÎÄ ÓÐÅÎÄ ÌÅÓÓ ÔÉÍÅ 

waiting at dark or remote stopÓȢȱ 3ÏÍÅ ÒÉÄÅÒÓ ÅÖÅÎ ÒÅÐÏÒÔÅÄ ÁÎ ÉÎÃÒÅÁÓÅ ÉÎ ÔÈÅÉÒ ×ÁÌËÉÎÇ ÂÁÓÅÄ ÏÎ 

real-time info, responding that they were more likely to walk to a different stop that offered them a 

faster trip.7 More walking could offer health benefits to riders.  

 

Transit agencies have seen increases in ridership after real-time implementation.8 9 Riders with 

access to real-time data report making more transit trips, with more gains in non-commute trips.10 

A study on New York City Transit showed an increase in ridership associated with the availability of 

real-ÔÉÍÅ ÉÎÆÏÒÍÁÔÉÏÎȢ Ȱ4ÈÅ ÍÏÄÅÌ ÉÍÐÌÉÅÄ ÔÈÁÔ ÒÅÁÌ-time information increased ridership by about 

                                                             
2 C. 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.jwn5Oltr.dpuf  
3 Brian Ferris, Kari Watkins, and Alan Borning (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. 1807-1816.  
4 Kari Edison Watkins, Brian Ferris, Alan Borning, G. Scott Rutherford, and David Layton (2011), 
"Where Is My Bus? Impact of mobile real-time information on the perceived and actual wait time of 
transit riders," Transportation Research Part A: Policy and Practice, Vol. 45 pp. 839-848. 
5 C. Cluett, S. Bregman, and J. Richman (2003). 
6 A. Gooze, K. Watkins, and A. Borning (2013), "Benefits of Real-Time Information and the Impacts 
of Data Accuracy on the Rider Experience," in Transportation Research Board 92nd Annual 
Meeting, Washington, D.C., January 13, 2013. 
7  Brian Ferris, Kari Watkins, and Alan Borning (2010). 
8 Lei Tang and Piyushimita Thakuriah (2012), "Ridership effects of real-time bus information 
system: A case study in the City of Chicago," Transportation Research Part C: Emerging 
Technologies, Vol. 22 pp. 146-161. 
9 Brakewood, Macfarlane and Watkins (2015). The Impact of Real-Time Information on Bus 
Ridership in New York City. Transportation Research Part C: Emerging Technologies, Volume 53, 
pp. 59-7 
10  Brian Ferris, Kari Watkins, and Alan Borning (2010). 
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340 rides per weekday on the largest quartile of routes, which is a median increase of 2.3% of 

route-ÌÅÖÅÌ ÒÉÄÅÒÓÈÉÐȢȱ11 

 

All these benefits 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 app.12  

Benefits for agencies 

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 improvements in operational performance. 

The vehicle location provided by real-time data creates more operator accountability. Oversight of 

vehicle behavior also makes it easier to review driver or rider-reported 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. Real-time data can be used to refine 

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

ÅÆÆÉÃÉÅÎÔ ÂÙ ÒÅÍÏÖÉÎÇ ÕÎÎÅÃÅÓÓÁÒÙ ȰÄ×ÅÌÌ ÔÉÍÅÓȱ ÏÒ ÏÐÅÒÁÔÉÎÇ ÔÉÍÅ ÂÕÆÆÅÒÓȢ 4ÈÅÓÅ ÅÎÈÁÎÃÅÍÅÎÔÓ 

can lead to improved on-time 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 identifying stops to be moved from near-side to far-side of intersection. 

  

                                                             
11 #ÁÎÄÁÃÅ %ÌÉÚÁÂÅÔÈ "ÒÁËÅ×ÏÏÄ ςπρτ ȟ Ȱ1ÕÁÎÔÉÆÙÉÎÇ ÔÈÅ )ÍÐÁÃÔ ÏÆ 2ÅÁÌ-time Information on 
Transit  Ridershipȱ http://hdl.handle.net/1853/54029 ) 
12  Brian Ferris, Kari Watkins, and Alan Borning (2010). 

http://hdl.handle.net/1853/54029
http://hdl.handle.net/1853/54029
http://hdl.handle.net/1853/54029
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Functions and components 

Summary of functions 

These are functional groupings of components in real-time information systems: 

ǒ Computer-Aided Dispatch and Automatic Vehicle Location (CAD/AVL): Automatic vehicle 

location (AVL) is essential to provide inputs to other functions. Computer-aided dispatch 

(CAD) is an optional (non-essential) function.  

ǒ Real-time passenger information (RTPI): System for generating and providing arrival 

estimates, vehicle locations, and service advisories to customers. 

ǒ Performance measurement: Systems that synthesize on-time performance and other key 

metrics for managers, decision-makers and planners. 

 

 Each function uses multiple components. Separating a real-time system into components helps to: 

 

ǒ Plan and build a system component-by-component as needs arise, funds become available, 

and technologies mature. 

ǒ Negotiate with vendors through itemized (component-based) costs. 

ǒ Combine components from different vendors into one system, to implement cost-efficient 

and best-fit systems. 

 

The notes on individual components, below, are intended to inform decision-making for system 

design and build out. Additional recommendations are in the procurement section. 
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Components & sub-components 

 
Figure 2: Multiple components of realtime systems 

 

CAD/AVL Components 

Onboard location sensor 

GPS (global positioning system) is the most popular locating technology today. Prior to 2000, many 
AVL (automatic vehicle location) systems used ground-based beacons and odometer readings. 
Today, some AVL systems may use a combination of technologies ɂ such as GPS with odometer 
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integration.13 Rail systems most often use specialized location technologies that integrate with 
track control systems.  
 

Some parameters related to location sensing component include: 

ǒ 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 consumer-grade GPS, we assume this is not a primary 

differentiator among real-time information technologies and approaches. In very dense 

ÕÒÂÁÎ ÅÎÖÉÒÏÎÍÅÎÔÓ ×ÉÔÈ ÍÁÎÙ ÓËÙÓÃÒÁÐÅÒÓȟ ȰÕÒÂÁÎ ÃÁÎÙÏÎÓȱ ÂÅÔ×ÅÅÎ ÔÁÌÌ ÂÕÉÌÄÉÎÇÓ 

diminish GPS performance14 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 (A-GPS), 

and cellular network positioning where GPS is unavailable. Hardware or software support 

for "dead reckoning" may also be used to mitigate the "urban canyon" effect. 

ǒ Polling rate: The frequency with which location is transmitted to downstream components 

(e.g. every x seconds). Depending on hardware and software configuration, polling rate may 

be consistent, or it may be variable based on vehicle progress (more frequent when the 

vehicle is moving, less frequent when it's stationary). 

ǒ Latency: Á ÍÅÁÓÕÒÅ ÏÆ ȰÒÅÁÌ-ÔÉÍÅÎÅÓÓȱȟ ×ÈÉÃÈ ÁÌÓÏ ÄÅÐÅÎÄÓ ÏÎ ÒÅÁÌ-time passenger 
information (RTPI) components downstream from the location sensor. Latency is the time 
(e.g. x seconds) 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 experience. 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 in 
the system, including vehicle location transmission and GTFS-realtime 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 with a downstream 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 bus leaves 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 popular standalone GPS Vehicle Trackers provide 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 by an on-board diagnostics port (see 
definition link), are low -cost and are supplied by some real-time vendors. Trackers plug into and 
are powered by this OBD port inside the vehicle. The GPS devices are easy to install. Some cellular 

                                                             
13 Understanding and Applying Advanced On-board Bus Electronics By John J. Schiavone, National Research 
Council (U.S.). Transportation Research Board, Transit Cooperative 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: Ganga-Jamuna Press. 
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modems also include GPS functions and may allow installing 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 about whether lack of cell reception in rural areas negatively 
impacts real-time 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 call, so service gaps are not as common as 
might be expected.  Many agencies request a limited-scale pilot in order to test for possible issues 
such as this. 
 

 
Figure 3: ! '03 ÔÒÁÃËÅÒ ÐÌÕÇÓ ÄÉÒÅÃÔÌÙ ÉÎÔÏ ÔÈÅ ÖÅÈÉÃÌÅȭÓ /"$ ÐÏÒÔȢ15 

Cellular modems (sometimes referred to as M2M or machine-to-machine cellular modems)16 
provide Wi-Fi and/or ethernet connectivity for onboard devices, and may also be used to provide 
Wi-Fi access to riders. Radio-based systems utilize dedicated channels to communicate vehicle 
information without the cellular telephone network. 

Other on-board sensors 

On-board sensors that track information other than location can be a source of further operational 

data and customer-facing information. Possible sensor capabilities include: 

ǒ 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 real-time 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 

ÖÉÓÉÏÎ ÉÓ ÏÆÔÅÎ ÏÂÓÃÕÒÅÄȢ )ÔȭÓ ÐÏÓÓÉÂÌÅ ÔÏ ×ÉÒÅ ÔÈÉÓ ÓÅÎÓÏÒ ÔÏ ÆÅÅÄ ÉÎÔÏ Á ÒÅÁÌ-time system to 

                                                             
15 Image source: https://www.fleetminder.com.au/gps-vehicle-tracking-devices/five-reasons-gps-vehicle-
tracking-devices/ 
16 'ÏÏÇÌÅ 3ÈÏÐÐÉÎÇ ÓÅÁÒÃÈ ÒÅÓÕÌÔÓ ÆÏÒ ȰÍςÍ ÃÅÌÌÕÌÁÒ ÍÏÄÅÍȱȡ 
https://www.google.com/search?hl=en&output=search&tbm=shop&q=m2m+cellular+modem  

https://www.google.com/search?hl=en&output=search&tbm=shop&q=m2m+cellular+modem
https://www.google.com/search?hl=en&output=search&tbm=shop&q=m2m+cellular+modem
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track bike usage. Newer bike rack models from Sportsworks17 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 availability info to riders.18 

ǒ Automatic passenger counting and passenger load sensors are useful for historical analysis 

and to indicate passenger crowding conditions in customer-facing real-time information. 

ǒ Wheelchair lift/ramp operation sensors can record uses of the ramp for historical analysis 

and optimization of schedules. 

Vehicle assignments 

A mobile data terminal (MDT)19 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 consumer-grade tablet 
computers, is now commonly used. Below are the merits of each: 
 
ǒ Generic hardware:20 

 Pro: Equipment is readily available and inexpensive. If equipment fails or is stolen, it 
can be inexpensively and quickly replaced. 

 Con: Consumer-grade tablets, for example, are designed to run a variety of 
applications. The variety of functions in their operating system software may cause 
less software reliability (application crashes/bugs). 

ǒ Specialized hardware:  
 Pro: Greater reliability as a single-purpose device. 
 Con: May be more expensive. Less readily available components make replacement 

more difficult. 
 
Some software, such as Swiftly 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 vehicle. 

Dispatch and driver schedule adherence feedback 

A mobile data terminal ( definition link ) can be used to provide instructions and information to 
operators, including: 
ǒ Temporary re-routes (detours) 
ǒ Real-time schedule adherence and dwell time feedback 

Dispatching for headway-based schedules 

Headway-based schedules (for which there are not pre-scheduled times) require a real-time 

dispatch approach to avoid bus bunching. TheTransitClock provides one example of a method to 

use real-time location data to 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 ls.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 Android: https://www.amazon.com/Rugged-Mobile-
Terminal-Android-Linux/dp/B01F16AV9C 

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
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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 farebox.21 

RTPI Components 

Arrival time prediction  

3ÏÆÔ×ÁÒÅ ÐÒÅÄÉÃÔÓ ÏÒ ȰÅÓÔÉÍÁÔÅÓȱ  ×ÈÅÎ Á ÖÅÈÉÃÌÅ ×ÉÌÌ ÁÒÒÉÖÅ ÁÔ Á ÓÔÏÐȟ ÕÓÕÁÌÌÙ ÉÎ ÏÒÄÅÒ ÔÏ ÐÒÏÖÉÄÅ 
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 data. TheTransitClock offers a prediction method based on machine 

learning. Scheduled and frequency-based systems may necessitate different prediction algorithms, 

so the capabilities of the prediction system should be matched to the service type. 

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

there is no mechanism for vendor accountability or to discover and fix recurring real-time system 

performance issues. Some arrival prediction software includes a built-in 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 GTFS-realtime sofÔ×ÁÒÅ ÉÓ ÁÌÓÏ Á ÂÅÔÔÅÒ ÐÒÏØÙ ÆÏÒ ÔÈÅ ÒÉÄÅÒȭÓ ÅØÐÅÒÉÅÎÃÅ 

                                                             
21 Image source: http://www.kentucky .com/news/local/counties/fayette -county/article44369406.html  

https://github.com/thetransitclock
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because it can identify all the same issues (i.e. high latency in the GTFS-realtime feed) that a 

customer-facing application does. 

)") 'ÒÏÕÐȭÓ ÒÅÐÏÒÔ ȰCustomer-Focused Methodology for Determining Prediction Accuracy Using 

Automatically CollecÔÅÄ $ÁÔÁȱ, a TRB paper by Farah Machlab and co-authors,22 and an associated 

presentation at the 2017 ITS World Congress23 provide a methodology for assessing prediction 

accuracy. John Levin of Metro Transit (Minneapolis) has submitted a TCRP Synthesis project 

ÐÒÏÐÏÓÁÌ ÏÎ Ȱ-ÅÁÓÕÒÉÎÇ 2ÅÁÌ-ÔÉÍÅ 4ÒÁÎÓÉÔ )ÎÆÏÒÍÁÔÉÏÎ !ÃÃÕÒÁÃÙȱ ÉÎ &ÅÂÒÕÁÒÙ ÏÆ ςπρψȢ 

Service advisory publishing 

Service advisories (or alerts) provide information that cannot be encapsulated in an arrival 

estimate. 

 

Advisories can provide cause and context for exceptions and delays, such as: 

ǒ Demonstration 

ǒ Collision 

ǒ Mechanical issue 

ǒ Weather 

ǒ Construction 

ǒ Police activity 

ǒ Medical emergency 

 

Advisories can provide specific information about service changes/exceptions: 

ǒ Significant delays 

ǒ Detour 

ǒ Additional service 

ǒ Modified service 

ǒ Stop moved or closed 

 

Using GTFS-realtime, service advisories can be targeted for display with particular stops, 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: 

ǒ )")ȭÓ 4ÒÁÎÓÉÔ !ÌÅÒÔÓ 

ǒ 4ÒÉÌÌÉÕÍȭÓ 4ÒÁÎÓÉÔ !ÌÅÒÔÓ 

ǒ OneBusAway Service Alerts24 

                                                             
22 Transportation Research Board paper 17-04789 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 

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/
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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.g. Google Maps, 
Moovit, or Transit25). 
 
Most third-party mobile apps depend on open data formats such as GTFS and GTFS-realtime. If high 
quality and accurate data is supplied to these third-party applications, the applications in turn are 
able to provide high-quality and accurate information to customers. In some circumstances, mobile 
apps (e.g. Transit or Google Maps) may generate their own arrival predictions using vehicle 
position data (rather than merely display supplied data), and use this instead if agency-supplied 
arrival predictions are found to be of lower quality. 
 
Many third-party mobile applications are rated highly, incorporate multiple modes and transit 
services, and are free for agencies and customers. Some third-party mobile apps offer partnership 
programs. Some of the most popular and well-known examples are in the table below. 

Popular Real-time Mobile Apps 

Google Maps Google Maps26 provides a free trip planning app that provides real-time trip 
updates and service alerts to riders.  The app also offers trip planning with 
multiple mode choices, user location, favorite locations.  In addition to GTFS 
static, agencies that want their real-time data represented in Google Maps 
need to provide a GTFS-realtime 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 visualized in 
Google Maps, but that information can be used to generate predictions if a 
Trip Updates feed is not available. 

OneBusAway OneBusAway27 provides a free, open-source mobile app that includes arrival 
estimates, service advisories and push notifications. The app shows real-time 
vehicle locations, departure information, and allows users to set favorites 
and alarms. The OneBusAway software is available free of charge under the 
open source Apache License, V2.028.  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 

http://www.google.com/mobile/
https://moovit.com/
https://transit.app/
https://www.google.com/maps
https://www.google.com/maps
https://onebusaway.org/
http://www.apache.org/licenses/LICENSE-2.0.html
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Transit TransitȭÓ29 program provides partner transit agencies with usage data, 
including A-to-B trip plan requests, traveler mode choices, real-time 
information lookup requests, locations of users when they open the app, and 
favorite locations indicated by users. Location data is slightly modified to 
ÐÒÏÔÅÃÔ ÕÓÅÒÓȭ ÐÒÉÖÁÃÙȢ 4ÒÁÎÓÉÔ ÁÌÓÏ ÐÒÏÖÉÄÅÓ ÓÕÐÐÏÒÔ ÁÎÄ ÓÍÁÌÌ ÌÏÃÁÌ 
customizations to allow agencies to exercise more control over how their 
services are presented. 
 
To qualify for the Transit Partner program, GTFS-realtime is preferred but 
not necessary. Transit can also work with select other (GPS/AVL) API (see 
definition l ink) 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, Transit requires participating transit agencies to endorse the app 
and promote Transit to their riders as their official or recommended app for 
trip planning and real-time information. Some transit agencies, such as 
"ÏÓÔÏÎȭÓ -"4!ȟ ÃÏÎÄÕÃÔ Á ÃÏÍÐÅÔÉÔÉÖÅ ÐÒÏÃÅÓÓ ÂÅÆÏÒÅ endorsing the app.30 
Many other transit agencies deliberate internally and make an endorsement 
without a public competition. 

Moovit Moovit31 partners with municipalities, transit operators and big events 
around the world. Partners receive access to an online application called the 
Moovit editor, which gives the transit agency the ability to edit route lines, 
publish service alerts and send push 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, including an origin-destination 
visualizer, with its partners through a product called the Smart Transit 
Suite.32 Moovit also advertises their own real-time prediction system. 
-ÏÏÖÉÔȭÓ ÄÅÆÁÕÌÔ ÓÅÒÖÉÃÅ ÔÅÒÍÓ ÓÔÁÔÅ ÔÈÁÔ ÔÈÅÙ Ï×Î ÁÌÌ ÄÁÔÁȟ ÓÏ ÁÇÅÎÃÉÅÓ ÍÁÙ 
be restricted in their use of static and real-time data in other systems. 

 
 
Free and universal transit apps often earn revenue by linking to shared-used mobility options such 
as transportation network companies (TNCs) like Uber, Lyft or bikeshares. This may be of utility to 
ÃÕÓÔÏÍÅÒÓȢ 4ÈÏÕÇÈ ÉÔ ÈÁÓÎȭÔ ÂÅÅÎ ÓÅÅÎ ÔÏ ÂÅ ÁÎ ÉÓÓÕÅȟ ÔÈÅÒÅ ÉÓ ÔÈÅ ÔÈÅÏÒÅÔÉÃÁÌ ÐÏÓÓÉÂÉÌÉÔÙ ÔÈÁÔ ÁÎ ÁÐÐ 
that links to a TNC might follow business interests that are at odds with those of the transit agency. 
 
Reasons that agencies choose to implement an app that is specifically for their agency (including 

                                                             
29 https://transitapp.com/partners/transit  
30 Ȱ4ÈÅ -"4! 3ÁÙÓ 4ÈÉÓ )Ó 4ÈÅ "ÅÓÔ 4ÒÁÎÓÉÔ !ÐÐ &ÏÒ 'ÒÅÁÔÅÒ "ÏÓÔÏÎ 2ÉÄÅÒÓȱ 
http://www.wbur.org/bostonomix/2016/09/06/mbta -best-transit -app 
31https://www.solutions.moovit.com/  
32 https://www.solutions.moovit.com/  

https://transit.app/partners/transit
https://moovit.com/
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with branding) might include desires to: 
ǒ Suppress the display of other modes and options. Suppressing display of other modes is 
ÒÁÒÅÌÙ ÉÎ ÔÈÅ ÃÕÓÔÏÍÅÒÓȭ ÉÎÔÅÒÅÓÔȢ 

ǒ Integrate information functions within a ticketing app. 
ǒ Gather customer usage data. 
ǒ 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 agency-specific app, as many highly-rated 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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Real-time Passenger Information Components/Features 
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Text/SMS 
An SMS response system allows customers to receive predicted arrival times 
by texting a stop code to a number. This enables customers who do not want 
to download an app or do not have a smartphone to look up times. Codes need 
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. 
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Websites & web-
apps 

Websites can show arrival estimates, a vehicle location map, or service 
ÁÄÖÉÓÏÒÉÅÓȢ /ÎÅ ÅØÁÍÐÌÅ ÉÓ -4!ȭÓ Bus Time, based on OneBusAway, which 
allows riders to search by intersection, route, or stop code to find arrival 
predictions, service alerts, and real-time bus locations on the map. 
 

 
A view of a specific vehicle on the B63 route in Bus Time. 
 

 
Example of the OneBusAway web interface for Rogue Valley Transportation District 
 

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)
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Arrival predictions for N Front Street (Rogue Valley Transportation District) in OneBusAway 

http://oba.rvtd.org:8080/onebusaway-webapp/where/standard/stop.action?id=1739_3a1f2fb3-f10b-4e7b-b1bd-61021ae82d91
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Subscription-based 
alerts system 

Ȱ0ÕÓÈ ÎÏÔÉÆÉÃÁÔÉÏÎÓȱ ÂÙ 3-3ȟ ÅÍÁÉÌȟ ÏÒ ÁÐÐ ÓÅÎÄ ÁÌÅÒÔÓ ÁÂÏÕÔ ÔÒÁÎÓÉÔ ÓÅÒÖÉÃÅ 
disruptions or changes. 
Examples include: 
ǒ Push message (subscriptions) feature in Transit app 
ǒ GovDelivery 

Public (on-street) 
signage 

On-street or in-building signage shows scheduled and predicted arrival times 
or other transit information.  
Common sign hardware types are LED, video monitor display, and E-Ink. 
Cascades East Transit has installed a monitor in one of their transit depots 
that shows real-time arrivals by using a transit 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 (see location sensor) 

and on route/trip assignments (see vehicle assignments). 

 

 

Stop announcements 
(AVA/Automated 
Voice Annunciation) 

An automated system triggered by bus location announces the next upcoming 

stop, which depends on the same inputs as on-vehicle signage. 

Performance analysis and dashboards 

http://ridecenter.org/test.html
https://docs.google.com/document/d/1hp8lrOinOlFGCSiwbY416VjUHXN-WiLXaxbBiaRX8tc/edit?disco=AAAACBc8gq0&ts=5b4d4880#heading=h.9ntcjgcev0ml
https://docs.google.com/document/d/1hp8lrOinOlFGCSiwbY416VjUHXN-WiLXaxbBiaRX8tc/edit?disco=AAAACBc8gq0&ts=5b4d4880#heading=h.zgzcf66bqulm
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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 on-time performance, headway adherence, or vehicle direction. 

Public dashboards Provide high-level decision-makers and/or members of the public with key high-
level metrics such as system-wide or route-level schedule adherence. 

Retrospective 
performance 
assessment and 
optimization 

GPS Playback: Replay vehicle movements for a particular route or vehicle ID. 

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

Vehicle Speed: Visualize vehicle speeds and dwell times to locate slowdowns. 
Where do vehicles travel slowly 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 travel 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)? 

Customer-perspective metrics: 
ǒ Reliability: How frequently do delays occur? 
ǒ Travel time & access: What is the effect of delays on overall travel time 

and destination access? I.e. How much time is added to an average 
ÔÒÁÖÅÌÅÒȭÓ ÃÏÍÍÕÔÅȩ 

Mandated reporting 
tools 

Report production:  A reporting tool that uses historical vehicle location data to 
fulfill reporting requirements, for example for the Federal Transit Administration 
&4! Ȣ  )Î ÐÁÒÔÉÃÕÌÁÒȟ ÓÕÃÈ ÔÏÏÌÓ ÍÁÙ ÐÒÏÖÉÄÅ Ȱ!ÃÔÕÁÌ 3ÅÒÖÉÃÅ $ÁÔÁȱ ÓÕÃÈ ÁÓ ÒÏÕÔÅ 

miles and operating hours including deadheading and revenue service for the 
.ÁÔÉÏÎÁÌ 4ÒÁÎÓÉÔ $ÁÔÁÂÁÓÅ ÁÐÐÌÉÅÓ ÏÎÌÙ ÔÏ ȰÆÕÌÌ ÒÅÐÏÒÔÅÒÓȱ Ȣ &ÕÌÌ ÒÅÐÏÒÔÅÒÓ ÁÒÅ 
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). 

Real-time 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. 

Real-time prediction quality monitoring: A prediction monitoring tool records, 
analyzes, and benchmarks the quality of vehicle arrival predictions. This tool helps 
transit agencies ensure that vendors are meeting their contracted quality levels. 
This can pinpoint deficiencies in prediction accuracy and identify their potential 
causes.  
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Example performance dashboards 

MBTA Performance System 

The MBTA performance dashboard34 (for Massachusetts Bay Transportation Authority in Boston) 
provides public on-time reliability, ridership, and financial information. The MBTA also has 
ÉÍÐÌÅÍÅÎÔÅÄ ÉÎÔÅÒÎÁÌ ÄÁÓÈÂÏÁÒÄÓȟ ÉÎÃÌÕÄÉÎÇ ÔÏ ÍÅÁÓÕÒÅ ÁÒÒÉÖÁÌ ÐÒÅÄÉÃÔÉÏÎ ÁÃÃÕÒÁÃÙȢ -"4!ȭÓ API 
for developers35 makes performance metrics available to third-party applications. The performance 
management system consumes GTFS-realtime data, so it can sit upstream of any AVL and RTPI 
system that provides a GTFS-realtime 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 open-source license.36 

TheTransitClock 

TheTransitClock37, maintained and led by Sean Óg Crudden from DynamicTime, is an open-source 
platform that uses historical and real-time vehicle location data to help transit agencies improve 
their services. It is utilized by several vendors, including goEuropa, Omnimodal, Cambridge 
Systematics and DynamicTime.  

 
Figure 5: An Atlanta Streetcar dispatcher uses the DynamicTime dashboard.38 

                                                             
34 http://mbtabackontrack.com/   
35 https://www.mbta.com/developers/mbta -performance  
36 http://www.apta.com/mc/revenue/previous -
conferences/2017revenue/presentations/Presentations/Performance%20Measurements%20Using%20Real
-Time%20Open%20Data%20Feeds%20The%20MBTA-performance%20system%20-
%20Ritesh%20Warade.pdf  
37 www.thetransitclock.org  
38 Image source: http://www.masstransitmag.com/article/12358944/from -research-to-practice-
implementing-real-time-control-to-avoid-bus-bunching 

http://mbtabackontrack.com/
https://www.mbta.com/developers/mbta-performance
https://www.mbta.com/developers/mbta-performance
http://www.thetransitclock.org/
http://mbtabackontrack.com/
https://www.mbta.com/developers/mbta-performance
http://www.apta.com/mc/revenue/previous-conferences/2017revenue/presentations/Presentations/Performance%20Measurements%20Using%20Real-Time%20Open%20Data%20Feeds%20The%20MBTA-performance%20system%20-%20Ritesh%20Warade.pdf
http://www.apta.com/mc/revenue/previous-conferences/2017revenue/presentations/Presentations/Performance%20Measurements%20Using%20Real-Time%20Open%20Data%20Feeds%20The%20MBTA-performance%20system%20-%20Ritesh%20Warade.pdf
http://www.apta.com/mc/revenue/previous-conferences/2017revenue/presentations/Presentations/Performance%20Measurements%20Using%20Real-Time%20Open%20Data%20Feeds%20The%20MBTA-performance%20system%20-%20Ritesh%20Warade.pdf
http://www.apta.com/mc/revenue/previous-conferences/2017revenue/presentations/Presentations/Performance%20Measurements%20Using%20Real-Time%20Open%20Data%20Feeds%20The%20MBTA-performance%20system%20-%20Ritesh%20Warade.pdf
http://www.thetransitclock.org/
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OneBusAway 

The open-source OneBusAway suite includes functions for assessing prediction quality. 

OneBusAway includes a Watchdog module,39 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 occur.40 

Swiftly Insights 

Swiftly Insights41 is web-based software-as-a-service to store and analyze archived operational 
data, with reports and maps to analyze performance. 
 
See List of vendors for those that offer performance reports. 

Data & interface standards 

The components of a single real-time system can be supplied by one to several vendors. A multi-

vendor approach requires application interoperability & modularity ɂ 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 integrator. 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 single-vendor 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 formats. This helps to 

prevent vendor lock-in 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 core 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 third-party 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 feeds.42 Third-party 

                                                             
39 Watchdog application code: https://github.com/OneBusAway/onebusaway -watchdog  
40 Watchdog announcement: https://groups.google.com/d/topic/onebusaway -
developers/wH_kDZmPX3w/discussion 
Watchdog & AWS Cloudwatch integration: https://github.com/OneBusAway/onebusaway -
watchdog/issues/1  
41 https://www.goswift.ly/swiftly -insights/   
42 4ÒÉ-ÅÔȭÓ ÄÅÆÉÎÉÔÉÏÎȡ Ȱ"ÅÌÏ×ȟ ÙÏÕȭÌÌ ÆÉÎÄ Á ÌÉÓÔ ÏÆ ÁÐÐs created by independent developers that use our open 
data to provide similar information. These are not official TriMet products, and we do not endorse, warrant or 
ÓÕÐÐÏÒÔ ÔÈÅÍȢȱ https://trimet.org/apps/ )  

https://github.com/OneBusAway/onebusaway-watchdog
https://www.goswift.ly/swiftly-insights/
https://github.com/OneBusAway/onebusaway-watchdog
https://groups.google.com/d/topic/onebusaway-developers/wH_kDZmPX3w/discussion
https://groups.google.com/d/topic/onebusaway-developers/wH_kDZmPX3w/discussion
https://github.com/OneBusAway/onebusaway-watchdog/issues/1
https://github.com/OneBusAway/onebusaway-watchdog/issues/1
https://www.goswift.ly/swiftly-insights/
https://trimet.org/apps/
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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 Users43 defines 

ÉÎÔÅÒÏÐÅÒÁÂÉÌÉÔÙ ÁÓ ȰÁ ÃÈÁÒÁÃÔÅÒÉÓÔÉÃ ÏÆ Á ÐÒÏÄÕÃÔ ÏÒ ÓÙÓÔÅÍȟ ×ÈÏÓÅ ÉÎterfaces are completely 

understood, to work with other products or systems, present or future, in either implementation or 

ÁÃÃÅÓÓȟ ×ÉÔÈÏÕÔ ÁÎÙ ÒÅÓÔÒÉÃÔÉÏÎÓȢȱ44 

 

The group distinguishes interoperability  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 to achieve interoperability. 

GTFS (static) 

4ÈÅ 'ÅÎÅÒÁÌ 4ÒÁÎÓÉÔ &ÅÅÄ 3ÐÅÃÉÆÉÃÁÔÉÏÎ '4&3 ȟ ÁÌÓÏ ÓÏÍÅÔÉÍÅÓ ÃÁÌÌÅÄ Ȱ'4&3 ÓÔÁÔÉÃ ȱ ÔÏ 

differentiate it from GTFS-realtime, describes transit stops, routes, schedules, and fares. GTFS is 

generally updated not more than once every few days. 

More on GTFS: 

https://www.transitwiki.org/TransitWiki/index.php/General_Transit_Feed_Specification   

 

Since real-time prediction systems need schedule, stop, and route information, GTFS is used as an 

input for many prediction and real-time 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/  

https://www.transitwiki.org/TransitWiki/index.php/General_Transit_Feed_Specification























































