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1.0 Introduction

This study aims to develop and test an innovative Interactive Transit Station Information System
(ITSIS) that uses Connected Vehicle technologies to enable the real-time interaction between
passengers and transit systems at bus stations. The objective of ITSIS is to better inform transit
travelers during their trips and to enable dynamic transit operations to better serve travelers. The
ultimate goal is to make transit more friendly and attractive to the traveling population such that
transit will become a viable choice for travel and to integrate a part of the solution for congestion
relief. The intention of this project is to generate findings from that can provide valuable
stepping stones to incorporate and deploy broader interactive information into our transit ITS
systems and operations.

1.1 Statement of Problem

Although public transit is an important means of transportation for many American travelers, it is
still largely underutilized. Encouraging greater transit use is seen as part of the integrated
solution to the congestion problem in metropolitan areas and has been a major objective for
transportation innovations such as Integrated Corridor Management (ICM). The real-time transit
traveler information system has been one of the key innovations to enhance the user experience
and to encourage mode shifts. Effective TTIS solutions have already been implemented
worldwide and are providing essential core travel information to users, empowering them to
make better transportation choices. While this information is typically provided to travelers using
dynamic messaging signs (DMS) at fixed locations, it becomes more common to provide real
time traveler information through the internet (website) and personal mobile devices (e.g.,
smartphones) with enhanced connectivity applications installed on them (FTA, 2011). In some
cases, real-time information is simply “pushed” to interested individual users without the need
for significant user input. However, there have been significant efforts in developing interactive
information system for transit stations in the United States. As we look at moving to a more
robust interactive system, there exist several technical gaps in the current implementation of
TTIS that must be overcome. These can generally be grouped into three major categories.

Limited coverage

The use of Computer Aided Dispatching (CAD) and GPS-based Advanced Vehicle Location
(AVL) systems is now well-established in transit bus and light rail networks. By 2010, 60.1% of
buses and 55.3% of light rail vehicles were implemented with CAD/AVL systems (APTA, 2011).
However, only about half of these installations have been used to provide transit traveler
information (RITA, 2010).

Low update rate

Real-time information collected by CAD/AVL systems is of particular relevance to TTIS. For the
state-of-the-art CAD/AVL systems, the polling interval to get a transit vehicle’s location update
is generally between 60 and 120 seconds (TRB, 2008). This long polling interval makes it
difficult to generate accurate vehicle arrival predictions when transit stations/stops are closely



located, as is the case in most metropolitan transit systems. It also makes it difficult to provide
timely departure information. The built-in delay in transmission of information packets clearly
impacts the accuracy of information presented to travelers in metropolitan areas.

Lack of “personalized” information

The information displayed on a Dynamic Message Sign located at a transit station or stop
typically shows the predicted arrival(s) (or countdown) of the next transit vehicle(s). Although
this type of information has proven to produce significant passenger benefits in generating higher
passenger satisfaction levels (Dziekan & Kottenhoft, 2007), it does not include other valuable
information for passengers, such as the transfer and connection information (40% of transit trips
involve at least one transfer between transit vehicles (APTA, 2007)). Connected Vehicle
technologies can potentially offer solutions to fill these gaps.

1.2 Overview of this Research Project

This project is to develop and field test a ITSIS prototype using Connected Vehicle technologies
to research three important questions:

e (an the Connected Vehicle and Infrastructure technologies envisaged by the USDOT
enable more timely and accurate passenger information, and an interactive transit station
information process?

e (an ITSIS benefit passengers by allowing them to interact with transit systems for
obtaining ‘personalized’ information?

e (an ITSIS enable a more efficient operation of transit?

In this project, we stress using a combination of innovative real-time data capture and data
management methodologies to enable improved dynamic mobility for transit and intermodal
applications. ITSIS provides for the next jump in improving the level of service to passengers
and supporting future enhanced transit operations by enabling travelers to interact with transit
systems on their current trip plans and real-time needs. The hypothesis is that ITSIS would result
in a better passenger information service for passengers and an improved origin-destination
(O-D) data collection for transportation providers. The addition of real-time interactive sessions
with travelers expands the horizon for public transit management, offering them the opportunity
to both improve the service level and facilitate better operational and planning decisions.

The ITSIS system has been field tested at the California Connected Vehicle test bed in Palo Alto,
California. This Vehicle-to-Infrastructure (V2I) and Vehicle-to-Vehicle (V2V) test bed,
implemented by Caltrans and California PATH, is comprised of 11 signalized intersections
two-miles in length along State Highway 82 (also known as El Camino Real). Roadside units
(RSU) units have been installed on the test bed with up-to-date software and hardware packages
that meet the Connected Vehicle standards. The initial plan was to develop a backhaul network to
transport data to/from RSUs and centralized systems. As the project evolve, it was determined
that, though a DSRC based ITSIS is technically feasible, it is difficult to conduct field testing



with such system as it is not practical to instrument a large number of buses with DSR receivers
under a research project with limited funding. During the course of the project, VTA has
implemented an updated communication network that supports second by second AVL updates.
The research team therefore decided to use the second by second AVL to emulate a DSRC based
communication system for the ITSIS-based prototype.

The Santa Clara Valley Transportation Authority (VTA) is a perfect partner in this project since
they operate in the California Connected Vehicle test bed area. VTA operates two bus routes that
travel along the El Camino Real test bed, the conventional bus service Route 22 and a bus rapid
transit service Route 522. Appendix A provides route maps for these two bus routes. Route 22
makes 88 trips every weekday in both northbound and southbound directions, and Rapid 522
operates at 15-minute headways in both directions. Twenty-eight bus-stops on Route 22 and four
on Rapid 522 are within the coverage of Dedicated Short-Range Communication (DSRC) to a
nearby RSU. In addition, VTA has deployed the Computer-Aided Dispatch (CAD) and Global
Positioning System (GPS)-based Automatic Vehicle Location (AVL) system on its bus fleets. A
selected bus station along VTA Route 22 within the Connected Vehicle testbed has been selected
as an ITSIS case study test site.

The field test was conducted along the California testbed and the VTA's bus system, which
provided a real-world operational environment for the development and testing of this proposed
research. The closely spaced transit stops and frequent transit services of Route 22 and Rapid
522 present an optimal situation for testing ITSIS applications. The development and testing of
effective mobility and convenience transportation applications that make the use of available
V2V/V2I test beds are among the core focus areas of Connected Vehicle research. The findings
from this project provide opportunities for building valuable stepping stones to incorporate and
deploy this technology into our transportation system.

1.3 Document Overview

This report describes the development of field testing of an innovative Interactive Transit Station
Information System (ITSIS). This report is organized as follows:

= Section 1.0, Introduction provides the background and context for the ITSIS project.

= Section 2.0, Current Condition reviews state-of-the-art practices of bus stop operations and
existing deployments of traveler information systems.

= Section 3.0, Concept of ITSIS describes the key concepts of operation for ITSIS, including
a proposed system architecture, the operational scenarios, information needs, and
functionalities associated with the ITSIS, the needs for ITSIS, and how ITSIS addresses these
needs.

= Section 4.0, Development of an ITSIS summarizes user interfaces that support designed
ITSIS use cases and the functional elements of an ITSIS-based prototype.

= Section 5.0, Field Operational Test of ITSIS described the field testing of ITSIS at transit
stations, the surveys conducted with passengers, and the analysis of the survey results.

= Section 6.0, Conclusion and Recommendation provides a summary of findings and
recommendations.
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2.0 Current Conditions on Information at Transit Bus Stops

A comprehensive study on Advanced Bus Stops for Bus Rapid Transit (Dehlgren 2002) provides
insights of the current situation for bus stops. Notably, it investigated, from the perspectives of
travelers and operators, the statuses of, and needs for, information at bus stops. While the study
was conducted 10 years ago, the characteristics of bus stop operations remain the same and the
technological status has not advanced substantially. This report adopts the findings from the
PATH project report on Advanced Bus Stops for Bus Rapid Transit. Relevant sections from the
Advanced Bus Stops for Bus Rapid Transit PATH report are included in the ITSIS Concept of
Operations (this document) verbatim in italics.

2.1 Overview of Bus Stop Operation

The bus stop operation was studied extensively under this PATH study (Dehlgren 2002).
Literature on bus stop amenities and technologies that could be employed at bus stops are
reviewed. Field surveys of bus stops along VTA Route 22, field observations of bus operations
(including 300 stop operations), and observations of passenger activities at bus stops are
conducted. An on-board survey of 300 passengers on Route 22 was carried out. Key VTA staff
involved in Bus Rapid Transit (BRT) plans and bus stop facilities, VTA trainers and supervisors
are interviewed. Bus stop information and products are reviewed.

2.1.1 What Passengers Do at Bus Stops

Passengers waiting for buses were observed at the most highly used bus stop in downtown San
Jose during the late morning and early afternoon on 4 weekdays and a Saturday in January
2001. This stop is served by 3 routes, with headways of 10, 15, and 30 minutes. The stop is in
front of the VTA customer service center, which has an overhanging roof that shelters those
waiting. There are four benches that can each accommodate three to four people. One schedule
is posted. On the days of the observations, a security officer who was stationed inside the VTA
office came outside periodically to patrol the area. Of the 876 people observed, 68% were male,
6% appeared to be high-school age, 10% college age, 18% over 60, and 66% between college
and retirement age. Only 1% had children with them. There were always 2 or 3 people who did
not get on any bus and appeared to be homeless. Over 90% of the passengers arrived at the bus
stop on foot, 4% transferred from another bus, 3% rode bicycles or skate boards.

Most people just stand and wait for the bus. They may be reluctant to read or leave the stop
because they do not know when their bus will arrive. Although the average time between buses
matched the scheduled frequency, the buses often bunched leaving unpredictable intervals
between buses.
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2.1.2 Bus Passenger Survey 2002

Passengers on twenty-four Route 22 runs and twelve Route 300 (a limited stop version of Route
22) runs were surveyed in May and June of 2002. The runs were at all times of day on weekdays
and weekends in both directions. Thus the responses were more representative of Route 22 and
300 passengers than the bus stop observations. Questionnaires were offered in either English or
Spanish as passengers sat down on the bus and collected as they left. A fair number of
passengers did not appear to speak or read either of these languages. Sixty percent of the 958
completed surveys were in English and 40% in Spanish. The age, gender, trip frequency
proportions of survey respondents were similar to those found in bus passenger surveys that V1A
had conducted in previous years.

Passengers were asked where they boarded the bus, how useful they found various types of
information, if they felt safe at the bus stop, what would make them feel safer, what they liked to
do while waiting for the bus, if various types of bus stop amenities would make waiting more
pleasant, and if they would take more bus trips if the stop had more information, was safer, or
was more pleasant. They were also asked if they owned a cell phone, pager or personal digital
assistant or if they had access to the internet at work or at home. Over 50% of people responding
to the question regarding electronic devices had one or more. Sixty-three percent of people
responding to the internet question had access to the internet, 40% at home, 32% at work, and
17% at other locations. Many had access at more than one location. The percentages were much
lower among Spanish speakers than among English speakers.

Even though 78% of those surveyed rode the bus four or more days a week, they still found many
types of information useful, as shown in Table 1. Schedule information was by far the most
useful; 62% found it very useful and almost 80% found it very or somewhat useful. Next most
useful was the time when the next bus will arrive. Route maps, connecting routes and transfer
points, and the current time of day were judged very useful by over 40% of riders and very or
somewhat useful by about 60%. Less useful, but still somewhat useful for a majority of riders,
were service updates, fares, and the customer service telephone number. The survey asked if
people were interested in a map of activities close to the bus stop. About half felt this would be
very or somewhat useful. More people were interested in information about health services,
businesses, and parks and recreation, less in movies and entertainment, family activities and
government services. People were also asked “What other information would you like to have at
this bus stop?”” The most common response was schedule information, indicating some lack of
understanding of the survey, but also reinforcing the importance of schedules to bus patrons.

These findings are consistent with studies elsewhere. Bus stop real-time information systems
appear to be very popular with riders. A survey of London bus passengers six months after the
Countdown signs were installed found that they were reliable and accurate and that 90% of
riders looked at them at least once during their wait for the bus. Over 2/3 of passengers felt that
they waited for a shorter time (perceived wait time dropped from 11.9 to 8.6 minutes) and that
service reliability had improved since Countdown was implemented even though reliability had
actually declined. Passengers valued Countdown at an average of more than 31 cents
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(Schweiger, 2003). The bus arrival time display, if visible to passersby, serves the added function
of informing people who do not use transit about the frequency of the bus service.

2.1.3 How Useful Is Bus Stop Information?

Of 761 responses, 78% said they would take more bus trips if the bus stops had more
information. The percentage was the same regardless of whether the stop at which passengers
boarded had a shelter or not or whether it was a heavily used stop. Fifty-five percent of 762
respondents said they would take more bus trips if bus stops had information in another
language beside English. Of the 217 people who named another language, 84% named Spanish,
3% Chinese, 2% lagalog, 1% Vietnamese, 1% Japanese, and less than 1% named each of 10
other South Asian, European, and African languages.

Table 1-1 Information useful to Travelers (Dehlgren 2002)

Information type Very useful to me Very or somewhat
useful to me
Number | Percent | Number | Percent
of all of all

surveved surveyed

Schedule 508 62% 753 7o
Time when the next bus will arrive 474 40% 646 67%
Route maps 402 42% 605 63%
Connecting routes and transfer points 392 41% 574 60%
Current time of day 379 40% 558 58%
Updates on bus services 326 4% 545 57%
Fares 325 4% 406 532%
Customer service phone number 310 32% 500 52%
Map of activities close to the bus stop 277 20% 468 49%
» Medical and health services 360 38% 551 58%

* Shops and businesses 330 34% 402 1%

» Parks and recreation 309 32% 488 51%

* Movies and entertainment 256 27% 445 46%

»  Activities for children and families 248 26% 443 46%

» Government services 243 25% 422 449,
Information about other transit agencies 265 28% 477 50%
Bus web address 211 22% 406 42%

13



2.2 Overview of State-of-the-Art Bus Stop Information Systems

Real-time information system systems have been employed throughout Europe. London's
Countdown system began operation in the early 1990s. In Lyon, France, 500 bus stops are
equipped with LCD displays for displaying estimated waiting times. Such systems in the United
States began to be deployed in the 2000s. The early deployment includes real-time information
systems at Los Angeles Metro Rapid transit bus stops, at bus stops in Portland, at stops on San
Francisco’s Muni first and then other Bay Area transit systems, and at bus stops on other smaller
systems, such as San Luis Obispo.

The arrival information is generally displayed on LED dynamic message signs. They display the
route and either the number of minutes until the next bus or the arrival time of the next bus. The
method by which expected arrival time is estimated varies depending on the communications and
vehicle tracking equipment available and the nature of the bus operations. Some systems, such as
those used in Seattle and Portland, have been developed by the transit agencies. Other agencies
use proprietary systems, such as NextBus.

Elsewhere, interactive bus stop information has been explored. The Kowloon Motor Bus
Company (KMB) in Hong Kong has developed a Cyber Bus Stop equipped with a touch screen
linked to a microcomputer that is linked to the KMB homepage. Passengers can use KMB's
point-to—point route search and other information on the KMB website. A web-camera at the bus
stop allows management to monitor the bus stop remotely.

While real-time bus arrival information have become available on the Internet and through
mobile applications, the arrival information at bus stops provides additional benefits, including
improved customer service, increased customer satisfaction and convenience, and improved
visibility of transit in the community.

14



15



3.0 Concept of Operation of an Intelligent Transit Stop Information
System

The ITSIS concept is motivated by a number of key factors, including: (1) bus stops have
largely remained the same as their initial forms despite the fact that substantial technological
changes have been made in the transportation industry during the past 20+ years; (2) although
the ‘nextbus’ information becomes available at some BRT bus stops, the accurate prediction of
transit arrival has been challenging because of the low sampling rate; and (3) there is little effort
in developing interactive bus stop information products and services.

This section, Concept of ITSIS, includes efforts to define the ITSIS and the development of the
Concept of Operation. The ConOps describes the goals, functions, key concepts, architecture,
operational scenarios, operational policies, and impacts of interactive transit station information
systems. A summary of benefits and costs follows the ConOps description. This document
follows the outline provided by IEEE Standard 1362-1998, with small variations to reflect the
nature of the specific system under study.

The ConOps is a basis for the research, development and field testing of ITSIS. The ConOps has
been updated throughout the duration of the research project.

3.1 Addressing Stakeholders’ Needs

The PATH study on advanced bus stops concluded that among the technological products and
services offered for bus stops, real-time bus arrival information systems were rated highest,
followed by electronic fare cards, interactive information displays, solar-powered lights, beacons
and information panels. Other studies of bus stop behaviors indicated that passengers perceive
waiting times to be greater than actual waiting times at a bus stop and real-time passenger
information systems can reduce their perceived waiting time for buses when providing accurate
information. Interactive and personalized transit information provided by ITSIS can further alter
their perception of transit routes, travel times, waiting times, and service reliability.

Transit agencies such as VTA have found that passengers care more about frequency and
reliability of service than about bus stops themselves. While it is critical for transit agencies to
focus on providing more frequent, reliable and direct service, how much improvement can be
done is constrained by the available resources. VTA and other transit agencies have learned
from recent experience that real-time information can reduce perceived waiting times and
compensate for some of the service uncertainties and deficiencies. This change of perceptions
could potentially be translated into reduced operating costs (e.g., through efficiency of
on-demand service) or increased passenger satisfaction and, ultimately, into increased ridership
for public transit. Transit agencies are interested in exploring further applications of real-time
information including ITSIS.

16



ITSIS offers a combination of innovative real-time data capture and data management
methodologies to enable improved dynamic mobility for transit and intermodal applications.
ITSIS provides for the next jump in improving the level of service to passengers and supports
future enhanced transit operations by enabling travelers to interact with transit systems on their
current trip plans and real-time needs. This results in better passenger information services for
passengers and better origin-destination (O-D) data collection for transportation providers. The
addition of real-time interactive sessions with travelers will expand the horizon for public transit
management, offering the opportunity to both make improvements at the service level and
facilitate better operational and planning decisions.

Specifically, VTA is interested in this study to examine: (1) how advanced communication
means such as DSRC can improve the quality of real-time data and the application and services
powered by real-time data (e.g., improved resolution and information accuracy); (2) how ITSIS
can provide additional information such as bike loading conditions on upcoming buses, service
breakdown, etc. that will affect passengers’ trip decisions; (3) how interactive traveler
information can further help passengers travel by transit and improve users’ appreciation of
reasonableness of transit services; and (4) how ITSIS can enable real-time dynamic transit
operations.

3.2 The Concept of an ITSIS

A desirable transit real-time information system at a bus stop provides not only real-time ‘next
arrival’ information but also interactively determines the best possible use of the transit network
for travelers. This is focused on finding the “best” travel itinerary from the current station/stop to
the final destination station/stop using the most up-to-date transit network status information,
including detailed connectivity information about transfer points, out-of-vehicle travel
instructions and total trip duration. The system also provides customers with information about
real-time vehicle load factors (i.e., the ratio of actual passengers to capacity), the availability of
bike racks or wheelchair spaces of the upcoming bus, bus service disruptions along the trip route,
and other information that allows them to make their trip in a timely, comfortable and easy
manner.

3.2.1 ITSIS Goals

The goal of the Connected Vehicle technologies-based ITSIS is to support a new passenger
experience and improve transit service. More specifically, ITSIS may:

e Enable more timely and accurate passenger information: A typical transit management
system has a 60 sec to 120 sec pooling cycle, which often creates errors for bus arrival
prediction. ITSIS bus-to-station communication can facilitate buses to provide accurate
arrival and departure information to correct the prediction error by the transit
management system. This could eliminate the possibility for inaccurate information that

17



informs passengers of a bus arrival when no bus is visible or a bus has already left the
station.

e Benefit passengers by enabling them to interact with transit systems through
‘personalized’ information: ITSIS could provide certainties to all transit passengers and
assist passengers who are unfamiliar with the transit system to navigate to their
destination.

e Enable a more efficient operation of transit. This passenger waiting information could
help bus operators to prepare for the next stop and potentially enable on-demand transit
service to reduce costly, unnecessary stops, thereby speeding up transit operations and
enhancing transit rider satisfaction levels.

3.2.2 Functions of ITSIS
It is envisioned that ITSIS has the following primary functions:

e Enables passengers waiting near transit stations to receive “personalized” real-time trip
information about transit vehicle arrivals at their current stop locations and at future
stations (i.e., “downstream” stations) on their planned travel route. The improved
vehicle’s arrival prediction accuracy is enabled by the DSRC V2I communication
between the arriving bus and the station ITSIS.

e Provides real-time information regarding the current status of transit vehicles, including
service disruption notices, bike rack availability on the upcoming bus, etc.

e Provides trip-specific modal and intermodal connectivity options to passengers
“on-demand” and before passengers reach their transfer stations and stops.

e Communicates passenger waiting data and trip data to the transit operation center to
enable transit dynamic operation.

e C(Collects passenger O-D data to provide transit agencies an opportunity to improve transit
operations and planning.

3.2.3 Key Concepts

The concept of ITSIS using Connected Vehicle technologies can be implemented in a number of
approaches. One approach is to use DSRC-based communication links. When Connected
Vehicle-equipped transit vehicles travel through RSU-equipped intersections, the real-time
information about departure time, location and speed of transit vehicles is transmitted to
downstream RSUs and to the passenger information server. DSRC provides a reliable way to
quickly update the status of transit vehicles as they progress towards the downstream stations. Its
high update rate makes it possible to more accurately predict a transit vehicle’s arrival at stations
near RSUs and to even extend that accuracy to stations much farther downstream than is possible
with the update methods currently utilized in CAD/AVL systems. At transit stations near RSUs,
the ITSIS that facilitates DSRC communication allows customers to query real-time transit
information, plan a transit trip, and transmit O-D data to the dispatch center for cost-effective
dynamic transit operations. Figure 3-1 illustrates a DSRC-supported ITSIS.
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Another approach is to implement ITSIS using a cellular communication link that transit
agencies have already deployed between transit centers and buses. This approach will require
certain data samplings or pulling rates in order to achieve accurate arrival predictions to bus
stops. The ITSIS prototype system developed under this project uses this approach.

ol
*

! DSRC coverage

'\
l—~ backhaul <

Transit dispatch center Passenger information
T server

Figure 3-1 DSRC Link and AVL

DSRC ccverage

RSU

3.3 ITSIS Operational Scenarios

This section provides scenarios that show how ITSIS could help transit passengers on deciding
and making trips, as well as facilitating dynamic operations by transit operators. Each scenario
may include a number of use cases.

3.3.1 Scenario 1: Acquiring Transit Service Information

ITSIS providestransitservice information, helping passengers to glance at service options before
making their trip decisions.

1) Passengers use the SIH to inquire about route maps, schedules, real-time next bus arrival
information, estimated arrival time at future (downstream) transit stations, available
seating and available bike rack space information.

2) The query of real-time transit information is transmitted to the passenger information
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3)

server via the combination of DSRC and its backhaul.
The information returned by the server is presented to the customer via SIH.

3.3.2 Scenario 2: Acquiring Transit Trip Information

ITSIS assists travelers by interactively providing trip information at the station through the SIH
or when approaching a station through mobile devices.

(a) Passengers acquire trip information at the station through the SIH

1)

2)

3)

4)

Passengers provide their destinations by either selecting a transit station/stop or inputting
a street address using the SIH interactive interface.

The destination information is transmitted to the passenger information server where a
transit trip itinerary is generated using the most up-to-date transit network status
information;

The trip itinerary is returned and presented to passengers. The returned information
includes the route, transit vehicle’s ID, its arrival time at the current station and predicted
arrival time at the destination or transfer station, if any, the connection information at
transfer point(s) (e.g., transit vehicle route, transit vehicle’s ID, arrival time of the
connecting vehicle, walking distance between transfer stations/stops), the arrival time at
the final destination station/stop, transit vehicle seating availability / passenger load
information, and bike rack availability information.

Passengers can confirm the planned trip using the interactive interface, and the

confirmation is communicated to the passenger information server through the nearby
RSU.

(b) Passengers acquire trip information through a designated application

1)

2)

Passengers plan trip or activate a pre-stored trip plan prior to the trip through a web or
mobile application that is linked with the passenger information server where a transit
trip itinerary is generated using the most up-to-date transit network status information.
Passengers are provided trip information similar to scenario 2(a) with additional
information about the trip segment between the origin and the first transit station. This
transit data is updated.

3.3.3 Scenario 3: On-Demand Transit Station Operation

While scenarios 1 and 2 focus on the dissemination of transit traveler information to passengers,

scenario 3 aims to enhance transit operations by providing bus operators with real-time
‘passenger waiting’ information. The information enables the bus operators to prepare for

picking up passengers at stations. This function is particularly useful at night and when visibility

is poor. The passenger waiting call is also critical for dynamic transit operation. When

passengers are familiar with the passenger waiting call function, the same way they are used to
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pedestrian request button at signalized intersections, transit operators can achieve dynamic
operation by determining which stop to serve based on the station passenger waiting call
information.

(a) Passenger requests transit service using the SIH

1) Passengers use the SIH to request transit service at the current station either by pushing a
‘waiting for route X’ button on the interactive interface or by confirming a planned trip.

2) The ‘passengers waiting’ information is communicated with the OBE on transit vehicles
and presented to the bus operator via an on-board driver vehicle interface (DVI).

3) The bus operator makes an early lane change, if not already in the curb lane, to prepare
for a stop, or deviates from the route for flex-route operations.

(b) Passenger requests transit service using a mobile device

1) When approaching a station, the mobile device carried by a passenger automatically
communicates ‘passenger waiting’ and pre-selected destination information to transit
vehicles through wireless means via Interactive Passenger Information Server.

2) The passenger waiting information is presented to the bus operator via a DVI. Similar to
scenario 3(a), this information is relayed to the bus but without passengers’ interaction
with any SIH.
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4.0 Development of ITSIS

4.1 Proposed ITSIS Architecture

California PATH has developed a system architectural framework for an integrated transit
information/management system, shown in Figure 4-1. This open architecture includes the basic
functions for the proposed ITSIS.

Interface Layer 0CCHMI HMI for Pllanning' HMI for DPI (Ilspla-; at Web cellphone 006
/ Maint Security stations based DPI
: g 2 . . Uynamic
Application Layer Dynamic Dynamic i Maintenance 'YX
) . ) TransitPlanning passenger
operation Ridesharing management ;
information
T " "y o ‘ I .
Process Layer TIIT\-Z_IO Arrival at On-time Trip/occupancy [fare Vehicle diagnosis and YY)
Stations performance collection profile maint. schedule
Repository Layer Database
Management Sys
Database A Database B Database C eee
Passenger . Vehicle Maint.
AVL Data . € Vehicle Status data Fare Collection
Data Layer Lount Record
Vehicle borne Station Video Traffic
Driver Profile . - - LA
Video Cameras Cameras Condition

Figure 4-1 Integrated Transit Information/Management Architecture

Using this architecture as a base, an experimental architecture for the ITSIS was developed
sufficiently to support the prototype testing. The architecture addresses two major aspects of
ITSIS: (1) bus infrastructure integration and (2) the integration of interactive passenger
information with transit operations.

There are several viable approaches for the integration of the bus and transit dispatch center with
the passenger information center. With the existing transit CAD/AVL system built upon
dedicated transit radio channels, transit vehicles send AVL and service data such as occupancy
and bus conditions to the dispatch center and receive operational data back from the dispatch
center at intervals of 60 to 120 seconds. Under the Connected Vehicle environment, the bus OBE
broadcasts the Basic Safety Message (BSM) at high frequency to the RSU and receives messages
from the RSU containing the interactive passenger inputs. It is envisioned that the DSRC link
between the bus OBE and RSU can be utilized for communicating the transit vehicle’s location
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and speed data at a higher frequency to achieve higher resolution and more accurate transit
information, and to enable interactive traveler input data for ‘personalized’ passenger
information and dynamic transit operation (see Figure 4-2). ITSIS contains a Station Interactive
Hub (SIH) to enable passengers to acquire transit information through a graphical user interface
(GUI). Mobile devices, via cellular network, are also considered as an interactive device within
this system architecture that serves as an outlet interface of real-time passenger information.

— -
Field Center
Transit Vehicle Location ive P
Passenger Interactive ({high resolution) and mm Scmr‘
Request Messages Passenger Interactive
Request Messages =
Prediction
Station/ Personalized” RSE
, ived Stop Passenger DSRC .
ersanalize Information ‘
information - | Backhaul Trip Planning
DSR D
"“*"ﬂf‘:" Interactive ‘Personalized’ Passenger Cannection
& Request Messoges Information Messages Information
Mobile | ooy sroadeasting
Device Messages Messages to Operators for
Dynamic Operation AVL Messages
DSR iLow resolution)
: y
[Transit Dispatch
Center
Transit Vehicle
AD Transit Vehicle AVL (low resolution) Messages |
CAD Center
Transit Operational Data Messages J

Figure 4-2 ITSIS Architecture and Data Flow

4.2 Communication Needs for ITSIS

Different approaches are considered to identify the most cost-effective method for the
development and testing of the proposed ITSIS applications. The considerations include the
communication needs of ITSIS, the specific conditions of the California Connected Vehicle Test
Bed, the in-place transit communication technology and operation characteristics, and the testing
facility and environment available at Richmond Field Station (RFS). The design of the ITSIS
prototype is based on the existing technologies and test bed environment. The initial design was
completed in the early stage of this research effort and presented to the Caltrans Division of
Research and Innovation (DRI) and the Federal Transit Administration (FTA) for concurrence
prior to proceeding to final prototype design.
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The effectiveness of communications between on-board equipment (OBE) and roadside
equipment (RSE), and between OBE and a centralized system through dedicated short range
communications (DSRC) and its backhaul has been demonstrated by previous DSRC studies.
However, the existing communication message sets are typically designed for personal cars with
privacy concerns and constraints. On the other hand, transit fleets are publicly owned vehicles
and real-time tracking of transit vehicle locations has been available to the public through transit
traveler information systems. Under Task 2.3, the project team has investigated how the current
protocol (including message sets) can be extended for transit-oriented applications and what
additional message sets are required under the J2735 framework to accommodate the specific
needs of ITSIS and to effectively bridge DSRC to the Interactive Passenger Information Center.

As shown in Figure 1 (ITSIS Architecture and Data Flows), there are multiple message sets for
exchanging data between travelers (via the Station Information Hub [SIH] or mobile app) and
transit bus operators (via OBE), including:

® Passenger Interactive Request Messages initiated at the SIH or mobile app to request
trip planning, acquire transit information, and to request on-demand transit service;

® ‘Personalized’ Passenger Information Messages initiated at the Interactive Passenger
Information Server to respond to passenger interactive requests;

® Bus Basic Safety Message (BSM) Broadcasting messages initiated at the bus OBE to
update bus locations at high frequency; and

® Messages to Operators for Dynamic Operation initiated at the Interactive Passenger
Information Server and Transit Dispatch Center for advising bus operators regarding
on-demand transit service requests.

Trip planning requests, static transit information inquiries and the responses from the Interactive
Passenger Information Server are communicated throughout the DSRC backhaul. These
messages are defined by the SAE J2735 standard — Message Set for Advanced Traveler
Information Systems (ATIS) for messaging between the SIH/mobile app and the Interactive
Passenger Information Server.

Other messages such as travelers’ requests for on-demand transit service (i.e., I am waiting for
Route X at Stop Y) and bus BSM Broadcasting, on-bus bike rack space availability information
(and other bus on-board information) and dynamic operation messages to bus operators are
intended to be communicated through DSRC and therefore should be governed by SAE J2735.

Under the current SAE J2735, BSM (Part I —Basic Safety Message) data, and Part IT — Vehicle
Safety Extension & Vehicle Status are designed for light vehicles and for safety applications.
Existing BSMs include a data element of ‘TemporarylD’ to identify the vehicle (or OBE), which
changes periodically due to privacy concerns. However, for ITSIS applications, carrying a static
vehicleID within BSM (or HIA) is essential, as the arrival information, connection information,
available bike rack space information, and requests for on-demand transit service are all
associated with a particular bus and is linked with travelers’ trip itineraries. We have evaluated
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the possibility of using not-in-use BSM data elements to carry ITSIS critical messages such as
vehiclelD.

Messages for a bus to report its available bike space and for communicating with bus operators
regarding requests of on-demand transit service are not currently included in the existing SAE
J2735 standard. We plan to develop customized DSRC message sets under the SAE J2735
framework to accommodate the needs of information exchange for ITSIS-specific, but
non-critical, information such as available bike space and on-demand service requests. In
developing these messages, we intend to interact with and provide recommendations to the SAE
standard committee on the needs for including necessary data elements in the J2735 standard to
support transit-oriented applications, such as ITSIS, and required message sets to enable ITSIS
service under DSRC environments.

4.3 Assumptions and Constraints

Our hypothesis is that some of the technical gaps for the implementation of ITSIS can be
effectively overcome by using Connected Vehicle technologies and the innovative information
gathering and dissemination methodologies envisioned by the Connected Vehicle environment.

Our assumptions are that (1) RSUs are installed at a sequence of signalized intersections and are
connected to the communication backhaul, (2) on-board equipment (OBE) is instrumented on
selected transit vehicles that travel through RSU-equipped intersections, (3) ITSIS is installed at
selected transit stations/stops which are within the DSRC communication range of one of the
RSUs, (4) communications between RSUs and bus OBE, and between bus OBE are based on the
SAE J2735 standard, and (5) RSUs may have more than one communication channels, to include
not only DSRC, but also Bluetooth or WiFi capabilities.

4.4 Development of a ITSIS prototype User Interface

The objective of ITSIS is to better inform transit travelers during their trips and to enable
dynamic transit operations to better serve travelers. The ultimate goal is to make transit more
friendly and attractive to the traveling population. Based on the review, study and
implementation of the ITSIS concept, the information available on a stop hub interface includes:

1. Conventional transit information
* Transit map
= Schedules of all stops

2. Real-time information
= Estimated arrival times (ETA) of next arrival buses
= ETA at downstream stops

3. Transfer information

* Transfer availability at downstream stops
= Real-time trip information of the transfer-to route
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In order to make the above static and real-time information available to users, user interfaces that
can help acquire the following information elements have been developed.

(D) route names (in number for VTA agency);
remaining time of next 3 arrivals (in minutes when available, “N/A” when not available);
route name with direction ("EB" denoted eastbound) and approaching trip id;

(4) stop sequence for the current route, departure stop is highlighted in blue;

(5) ETAs for corresponding stops;

(6) real-time locations (between two successive stops) of vehicles on road;

(7) current status of interface operation;

arrival stop is highlighted in yellow;

(9) available transfer-to routes;

local map around transfer stop;

(1) transfer-to route panel;

(12) walking connection trip on map;

(13) planned trip table.

The user interface designs and use cases for acquiring all this information using these interfaces
are summarized in the next subsections.
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4.4.1 Java Application Launching

This application applies to the following hardware and software environment.

e Platform(s): Mac OS X, Windows 10, Windows 7, Windows 8, Windows Vista, Linux

3.x

e Browser(s) Firefox, Internet Explorer, Safari, Chrome
e Java version(s): 8.0

e Preferred display resolution: 1920x1080 for Windows; regular setting for Mac

Note 1: Make your java version up-to-date. Reference site:
https://www.java.com/en/download/help/index_installing.xml
Note 2: Add the holding site (http://52.53.208.65/ITSIS) to the Exception Site List in your Java

Control Panel

Java Control Panel

General  Update Java [ESEdiigiely Advanced

Enable Java content in the browser

Security level for applications not on the Exception Site list

Very High

Only Java applications identified by a certificate from a trusted authority are
allowed to run, and only if the certificate can be verified as not revoked.

© High
Java applications identified by a certificate from a trusted authority are allowed
to run, even if the revocation status of the certificate cannot be verified.

Exception Site List

Applications launched from the sites listed below will be allowed to run after the
appropriate security prompts.

file:/

http://52.53.208.65/ITSIS/ Edit Site List...

Restore Security Prompts Manage Certificates...

. OK Cancel Apply

Figure 4-3 Java control panel

Launch the java application by following the steps below

# Link to the URL of http://52.53.208.65/ITSIS/launchall.html

# Click the “Guide to User Interface” to download this PDF manual
# Click the “launch” button to launch the Java GUI application

Note 3: your browser may download the .jnlp file instead of directly opening it, if so, the

application can be launched upon clicking the .jnlp file.
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Note 4: At the beginning run of the application, some messages of “security warning” may
pop up to request your permission to connect to other websites, press “OK” to proceed.

< C' (@ 52.53.208.85/ITSIS/launchall.html

launching the java application for Interactive Transit Station Information System

Manual of User Interface

Figure 4-4 Web Entrance of the User Interface

28



4.4.2 Basic Interface Frame

Two permanent panels are configured on the interface, including:

e  Showing the remaining time of next three arrivals, for Line 22 and 522 respectively,
consisting the elements of
(1) route names (in number for VTA);
(2) remaining time of next 3 arrivals (in minutes when available, “N/A” when not
available); Info Index: TS-AB3-3
[ ]

Showing the real-time estimated arrival time (ETA) of the host stop and the additional
travel times to all the downstream stops

(3) route name with direction ("EB" denoted eastbound) and trip id (not for naive user);
(4) stop sequence for the current route, the host stop is in blue background;
(5) ETAs for corresponding stops

(6) real-time locations (between two successive stops) of vehicles on road

Note that all the real-time information automatically updates along with time.
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Figure 4-5 Basic Interface Frame (a)
User’s actions:

# Press the radio button to switch between Line 22 and 522
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# Press the top buttons to get further information

& InteractiveHub 2 o) = B 100%@a FriSep2 12389 4 Q
ece Information Hub @ EL CAMINO & CALIFORNIA

Next Arrival:

| Map H Schedule H Transfer H Destination H Waiting Call ‘Fri. 12:39:36

Line:522EB - Trip_1D:1979193
PALO ALTO CALTRAIN STATIUN@—

D

i
EL CAMINO & ARASTRADERO() 6min
i

EL CAMINO & SHOWERSE)H 10my
ot

EL CAMINO & CASTRO(E)H+17r
i

EL CAMINO & KNICKERB(]{.‘KER@JrEZlnin
|

EL CAMINO & H(]LLENBE{.‘K®+2(J
o8

EL CAMINO & REMINGT(]N®+BL
i

EL CAMINO & WOLFE(H35min
i

EL CAMINO & HALFORD(EH 37min
i

EL CAMINO & KIELY(G)+42

i
EL CAMINO & SCOTT(EH45
i
SANTA CLARA CALTRAIN STATION(G)+52min
i

THE ALAMEDA & NAGLEE(@)+58

i
THE ALAMEDA & HANCHETT(E) 60

i
SANTA CLARA & MONTGOMERY (@) 6dmin ||
i
SANTA CLARA & ALMADEN BLVD(@)+66min
i

SANTA CLARA & 1ST(@)+68min
i

SANTA CLARA & TTH(E)+69
i

SANTA CLARA & 13TH(&)+72
i

SANTA CLARA & 21ST(EH T5min

[

CANTA AT ADA 6 aormAF R T

Status:

Figure 4-6 Basic Interface Frame (b)
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4.4.3 Use Case 1: Searching through the map

The interface design supports information searching through the map. Upon pressing the “Map”
button, the info window shows the transportation map by an unscalable image. The panel (7)
presents the current status of the interface operation. Users may click and drag the scroll bars to

check various parts of the map.
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Figure 4-7 Searching through the map

# Click and drag the scroll bars to check various part of the map.
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4.4.4 Use Case 2: Checking Schedule

The interface design supports bus schedule inquiries. Upon pressing the ‘Schedule’ button
followed by choosing a stop from the route (22 or 522) map, the info window shows the

departure time schedules of weekdays, Saturdays and Sundays in different table columns. Note
that the formats are all military time.
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Choose a stop to see its schedule:
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