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Intelligent Transporfation Systems

MyBus: Helping Bus Riders

Make Informed Decisions

Stuart D. Maclean and Daniel J. Dailey, University of Washington

Many intelligent transportation systems will heavily influence our
way of living in the future; some of them are in early design, while
some are already under test. This installment describes a system
already operational in the Seattle area; it lets users access informa-
tion about, and forecasts of, bus schedules. The full availability of
such systems on a large scale, taking into consideration not only
buses but also trains and planes, will allow efficient planning of
people’s mobility.

Such large-scale systems will allow rerouting of transportation
systems or manipulation of traffic lights to intervene in real time in
traffic jams or unexpected delays to smooth the traffic flow. Fur-
thermore, the availability of a sufficiently complete statistical analy-
sis of driving times will permit replanning of bus schedules and
routes, on the basis of people’s needs and utilization.

| welcome contributions on the current status of ITS projects
worldwide as well as ideas and trends on future transportation sys-
tems. Please send your contribution to: broggi@ce.unipr.it; www.
ce.unipr.it/broggi.

—Alberto Broggi

T he Smart Trek Model Deployment Initiative, aUS
Department of Transportation-funded Intelligent

Transportation Systems program in the Puget Sound region,

has made great stridesin integrating and disseminating

traveler information. Theinitiative focuses on real-time
information to help travelers make informed decisions
about their travel options. The Smart Trek project has
brought about a variety of real-time transit information
applications. One of theseis MyBus, which makes depar-
ture predictions and delivers traveler information to Web
browsers and cell phones.

MyBus aimsto present to riders, in real time, the pre-
dicted departure times of buses at specific locations
throughout atransit region. King County Metro, Seattle's

transit agency, operates alarge fleet. Up to 1,200 vehicles

arein service simultaneously, departing from over 1,000

locations. MyBus predicts approximately 210,000 week-
day and 140,000 weekend scheduled departure events.
Thisisover amillion departure predictions per week.
MyBus has shown that predictions on this scale are feasi-
ble and manageable.

Several technologies are central to the success of MyBus.
A common format for the transit agency schedule and spa-
tial datawas crucial, letting us redeploy the Sesttle pilot
project with datafrom the Portland Tri-Met transit agency
with minimal effort. The format we chose was a database
schemabased directly on the Transit Communications
Interface Profiles standards.

MyBus

MyBusisadistributed application (see Figure 1). Sched-
ule dataand real-time automatic vehicle location data
streams flow between components. These components
include alegacy AVL system asthe source of real-time data,
aprediction generator (the predictor), and aWeb server for
final text formatting and delivery over the Web. The exten-
sive use of the ITS Salf-Describing Data (SDD) protocol?
for intercomponent communication ensuresreliable and
efficient data manipulation and transport. Reusable collabo-
rative components simplify building new applications. For
example, the predictor’s output goes to the Mybus Web
server, but other components could also accessthis data.
These downstream components could do such things as ana-
lyze on-time performance or estimate congestion.

Prediction

The predictor usesthreeinputs: a schedule data set, a
set of historical trip realizations, and areal-time AVL
stream. The schedule data provides each event’s expected
time, aswell asitslocation along the pattern or path that
the vehicletraverses. Historical data provides ensemble-
averaged statistics to the algorithm that predicts vehicle
departure. The AVL stream supplies instantaneous bus
|ocation information approximately every oneto three
minutes per vehicle. The latter two inputs are the most
important; you can build a successful predictor without
temporal schedule information.

84

1094-7167/01/$10.00 © 2001 |EEE

IEEE INTELLIGENT SYSTEMS



Real-time || Schedule
data change
source controller | Transit agency
schedule
Legacy TCIP-based database
Sl SDD st
stream SRGEL
AVL SDD

transmitter

TCIP-based SDD stream

Predictor

TCIP-based SDD stream

MyBus
Web server

Transit information display

AVL Automatic vehicle location
SDD Self-describing data

TCIP Transit Communications
Interface Profiles

Figure 1. The MyBus architecture.

According to the TCIP standard nomen-
clature, abustravels along ablock (not to

be confused with acity block), which com-
prises asequence of trips. Each tripisa
singlerun of abusroutein one direction—
for example, the 10:30 am. Route 43 bus
from Downtown Seattle to the University
of Washington. Along each trip, scheduled
locations called timepoints exist, generally
at major road intersections. We designate
each timepoint asaprediction goal. The
prediction algorithm® tracks each busto its
many goals along the block.

The prediction algorithm uses an opti-
mal filtering technique based on Kalman
filter technology.® An underlying assump-
tion isthat any real-time arrival prediction
algorithm depends on reliable real-time
transit vehiclelocation information. When
the maximum number of vehiclesarein
service (for example, approaching morning
rush hour), the Seattle-based predictor pro-
duces up to 25,000 predictions every 10
seconds. To minimize statistical errors,
MyBus starts a prediction process for each
goal. It bases this process on thetime
before the scheduled departure or the dis-
tance from the goal . For example, the
tracking of abus could begin 30 minutes
before the scheduled departure time or 20
milesfrom the goal . At each time step of
10 seconds, the predictor makes anew pre-
diction for both the distance to the goal and
the time until departure from the goal. In-
terleaved with this propagation phase are
therea-time AVL inputs, which constitute
the update phase. The state vector for each
predictor isoutput at both the propagation
and update phases.

In principle, MyBus can track a bus from
the start of its block to any goal on the
block. In practice, the schedule contains
deadheads—out-of -service segments for
each block. The current prediction process
will not predict across adeadhead trip.
That is, agoal appearing in ablock just
after adeadhead trip will not be associated
with an active prediction process until
MyBus has observed through the AVL
updates that the bus has completed the
deadhead portion of the trip.

The prediction agorithm produces the
optimal estimate of the departure time
given theinformation provided to thefilter.
However, predicting the futureis awaysa
challenge. To compare the predictions with
the vehicle behavior, we need to estimate
the actual departuretime. Because we are
tracking the vehicleirregularly, we have no
guarantee that the location will be reported
just asthe vehicle departs. To estimate the
real departure, we can record the location
report just before the arrival and just after
the departure and linearly interpolate the
actual departuretime. Thefilter continu-
ously predictsthe departure as afunction
of both space and time.

We can express the deviation of the pre-
dictionsfrom the actual behavior as aprob-
ability surfacein space and time. Figure 2a
shows the probability of this deviation and
thetime until the departure for which MyBus
made the prediction. Figure 2b shows these
measures for the transit agency schedule.
We created the surfacesin Figure 2 using
the predictions made over the course of one
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Figure 2. Deviation of predictions from the actual behavior for (a) MyBus and (b) the transit agency schedule.
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Figure 3. Delivering MyBus information: (a) the MyBus Web Page and (b) a Wireless

Application Protocol (WAP) phone emulator.

day for the second-busiest location in Seat-
tle Metro Transit’s service. Comparing
these two surfaces suggests that prediction
errors from dynamic information are 50 to
75 percent smaller than those from using
the schedule alone. Moreover, predictions
are accurate both long before the scheduled
departure time and near departuretime.
Rider accessto such informationisvital in
encouraging mass transit.

Presentation

The Web server receivesinput from the
predictor and stores and formatsthis datafor
output over the Internet. To deliver thefinal
prediction information, MyBus uses the
standard HTTP/HTML or HTTP/WML
(Wireless Markup Language) combinations.
This assumesthat the delivery sitehasan
HTML/WML interpreter, whichin turn
implies somelevel of computing capabilities
a that site. The most common form of deliv-
ery isabrowser-like screen or aWireless
Application Protocol (WAP) phonethat can
display WML (seeFigure 3).

MyBus uses a set of prediction states
to determine the message sent to the
client. Two departed states exist. The
first, bus-observed-to-have-departed-
goal, indicates that MyBus has received
an AVL update that shows a bus past the
goal. The second, bus-predicted-departed,
indicates that, in the absence of data, the
Kaman filter has predicted that the bus
has departed. Formatted messages di-

rectly reflect these states (for example,
see Figure 3a, rows 6 and 7). MyBus also
provides timeliness reports such as “ On
Time” or “15 Min Delay.”

The Kalman filter produces a covariance
that measures the prediction’s validity.

When avehicle has not reported its loca-
tion for along time, this measure becomes
large, and eventually the prediction reaches
an unacceptable level of significance. In
such cases, MyBus switches the display
message to “No Info.”

Any number of rule sets for mapping
predictions into displayed messages are
possible. Because the predictor and Web
server are distributed, we can easily substi-
tute anew display application.

Implementation

The predictor, Web server, and support-
ing SDD applications areall built in Java.®
Currently, the Seattle predictor and the
combined Seattle/Portland Web site run as
two JavaVirtual Machines on the same
Windows NT host. Theratio of dynamic to
static content available from the Web siteis
high. This requires a mechanism for pro-
ducing the dynamic content and interfacing
it with standard Web server software, such
as Apache (www.apache.org). To thisend,
MyBus uses Java servlet and Java Server
Pages technology.”

The SDD component library used for
data transport within the MyBus hierarchy
is available at www.its.washington.edu/
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Figure 4. A MyBus system diagram, showing data conversion from a legacy format to
the standard TCIP schema, with real-time and static prediction streams.
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bbone. You can try MyBus at http://
mybus.org.

TCIP and MyBus

TheTCIP isaset of interface standards
for the UStransit industry. The domain
coversthe data needs of the functions
related to the support of public transporta-
tion operations, service, and planning.
Thisincludesinput and output data for
scheduling and passenger information,
which are of particular interest to MyBus.
The TCIP's crux isthe definition of data
elements and how they are presented.!

Pertinent standards

From a software architecture standpoint,
TCIPisabenchmark for data structure
names, types, and relationships. For a
rider-directed information system such as
MyBus, three standards are of interest:

« the Standard on Passenger Information
Objects (NTCIP 1403),

« the Standard on Scheduling/Run-Cutting
Objects (NTCIP 1404), and

* the Standard on Spatial Representation
Objects (NTCIP 1405).

All are available for review at www.ite.
org/standards/ntcip/index.htm.

Integrating TCIP

The schedule information from the target
transit agencies can be represented in terms
of TCIP data-dictionary dataelementswith
the additional relational keys necessary to
couple the data elements. Each agency is
likely to manage its schedule data differ-
ently, so each agency’s datamust be trans-
formed into the TCIP format. Thistransfor-
mation makes the data available to MyBus.
For example, we've successfully mapped
the data elements from both King County
Metro and Portland Tri-Met into thisframe-
work. This mapping has et us construct a
TCIP-based database.

Atthesimplest level, we map TCIP data
elements—for example, timepoint, pattern,
and trip—into an SQL schema. We call this
the standard TCIP schema. We use the
schema stabular structureto create the com-
ponents that support the MyBus application
interface. Both spatial and temporal sched-
uleinformation are necessary to support any
predictive agorithm, and both contribute to
the schema; for example, atimepoint table
and atrip table both exist. The combination

of areal-timeAVL stream with TCIP sched-
uleinformation lets MyBus make real-time
predictions on bus departures. Without the
AVL component, MyBus can usethe TCIP
schedule datato produce a scheduled or
“timetable” interface. Such asystem will
typically present richer content than avail-
able through an agency’s published sched-
ules. Figure 4 demonstrates these two possi-
hilitiesthat both rely on the availability of
TCIP schedule datain the context of Sesttle
and Portland.

M yBus combines optimal estimation,
distributed computing, information tech-
nology, and the World Wide Web to pro-
duce an Advanced Public Transportation
System information system. It supports
existing Web browsers aswell asthe latest
handheld devices. Because MyBus con-
formsto the TCIP standard, it is portable
to any UStransit property. It is constructed
in aportable language, so it can operate on
avariety of computing platforms. Its mod-
ular construction allows for future inter-
faces. Interfaces under design include
voice synthesis and recognition systems
and interfaces to other advanced-traffic-
management systems where the transit
vehicles act as probes to measure traffic
congestion. =
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