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ABSTRACT

Currently, many municipalities offer information about current conditions on local freeway facilities via the Internet
or some other media. However, as important as freeways may be for many travelers, it is clearly thesohédd

and disseminate traveler information about arterials since nearly forty per€entt he nati onés vehicl e
(VMT) occur on the arterial roadway network. Surveillansagloop detectors (or other poibesed data

collection systems)ssociated with traffic signatsn beone way to develop an arterial monitoring system. In

addition, with the prevalence of transit buses operating on arterials, and the development of mord bdgance
dispatch systems that include global positioningesys and reaiime communications capabilities, attention is

turning to the possible use of buses as probe vehicles along arfidrialpaper describes researclextract arterial
performance measuresmbiningbothtraffic signal system detectors andrh buses acting as probe vehidsing

a casestudy approach in the Portland, Oregon metropolitan re@oaphical €chniquesredeveloped for

constructing the shape of the congested regime in time and space along a key arterial Toerjplper incides
recommendations for expanding tieehniques to other corridors, the use of higher resolutiontinealtransit AVL

data, and oitine implementation of an arterial travel time information system.

INTRODUCTION

Currently, many municipalities offer farmation about current conditions on local freeway facilities via the Internet
or some other media. However, as important as freeways may be for many travelers, it is clearly desirable to collect
and disseminate traveler information about artesmisen e ar 'y f orty percent of the nat
(VMT) occur on the arterial roadway networKravelers would benefit by gaining information about the current
traffic conditions on all facilities so that potential alternate routes (particdtarkhort trips) could be evaluated. If
performance of arterials were measured over time, transportation managers and operators would better be able to
evaluate the effectiveness of signal timing plans and other operational improvements. In the olagmiurg
agencies would be able to better monitor the arterial network and understand the effects of changing land uses.
However, estimation of travel time or performance on interrupted flow facilities is more challenging than
uninterrupted flowfacilities such agreeways. Travel time along an arterial essentially includes two distinct
components: the travel time along links between the influence afrgaffic signals and the travel time through the
signalized intersection itself. The traffic flow bet@n signals (nodes) generally behaves like an uninterrupted flow
facility and methods to extrapolate measured speed at a froimtgystem loop detectors) to estimate link travel
time would likely produce results comparable to freeway experi€&stenatng travel times through the signals
(nodes) requires detailed knowledge about queues and signal sétiogslingly, an increasing amount of
research has been directed towiangroving techniques tmonitorarterialperformancei-11). Several authors
have proposed methods for estimating travel time that take into account these two components of travel on
signalized arterials. Suclksearchaseither attempted to measure each component dirge8y or used traffic flow
theory tomodelrelationships bsveen traffic fow and signal control setting6,7). Skabardonis and Gerolimin(8)
have formulated a model that addresses the problem of collecting data by predicting travel time os basédor
on count and occupancy data from signal loop detedogsn times, cycle lengths, and offsets for the signals in the
corridor. The use ohigh resolution daté.e. individual vehicle activation$pr performance measurement at
isolated signals was explored it} and the effect of blending thedata withmore dynamic information about
signal timing was explored by Liu and MKLJ. While promising approaches, high resolution data are not available
from most signal systems.

There are other methods to measure link travel times such as license plategnasctipondematching,
andcell phone trackingn addition, here hae beenefforts to se buses as probe vehicles to aid in providing real
time condition monitoring andraveltime estimateslongarterials(12-14). Transit providers are increasingly
equipping their budleets with automatic vehicle location (AVL) technology. Global positioning systems (GPS)
units located onboard enable the buses tenlier® fiknowingd information such as their exact location, their
schedule, whether they are late ofyand how many passengers they are serving, among other important
performance parameterf.made available ingattime, thesedata could potentiBl be extrapolated to provide a
shapshot of arterial speed conditions as shoviaigarel. This figure vas generatedsingarchivedspeediata from
five busroutes in Portland, Oregon as a samgimwever, there are clear limitations to using buses for the purpose
of predicting passenger vehicle travel times. Buses lose time when they stop to serveepasaehgling time
spent accelerating and decelerating. Furthermore, even when not stopping to load and unload passengers, a bus is
largerwith different performance characteristensd thus generally travels slower than a passenger vehicle.
Because ofhese factors, buseanalso tend tdose the ability to take advantage of traffic signal timing progression
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strategies on arterialginally, the frequency of information provided by buses is dependent on bus healdichy
may beinsufficientfor providing up-to-datetravelerinformation.

Though both buses asignal system data sourcagfer from being insufficiergeparatelyit is possible
thattogether theganbe used to provide a more complatel accuratpicture of theconditions on tharteial
roadway systemTherefore, the objective of this paper is to examine the potential of using bus AVL data to
improve arterial condition monitoring thatbetter tharcan be achieved usirgignal systentoop detector data
alone ultimately the techniges developed here could be extended totiea traffic management and traffic
information applicationsThe paper first describes the data available for the corridoipitesents prototype
graphical exploration of combimg these data sourcdsext, amore automated method is described based on results
of the prototypeexploration. A summary and recommendations for future work conclude the paper.

Route: [AI 7]

Date: [2006-0821 =]

Time: [16:48:46 7]

Speed range (MeH): [0 -] - [80 =]
‘

Querying stops within 0-60
2| Number of stops in this range: 36433
Average speed in this range: 23

) l T A ) .(~_~. : éﬂ‘ l : ; y . W;MDH J
FIGURE 1 Sample arterial speed map generated fronbus data, Portland, Oregon.

STUDY AREA AND DATA

To explore thefeasibility of combiningsignal system data with bd8/L datato improve estimates of arterial
performanceacase studgorridor was selected 4.5-mile sectionof the fourlanearterid Barbur Blvd.between
Sheridan Street and the Barbur BNdansit Center (a regional park & ride facility) wa®sen A schematic of the
corridor (including the locations of signalized intersectipissshown inFigure2. Data were collected from both the
signal and bus systems fitie week of February 12, 2B0These data are describiadhe following sections
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FIGURE 2 Map and schematic of Barbur Blvd.

Signal SystenDetector Data

The corridoris equipped with fivedetectorstatiors configured as system detectors (count stations) in the City of

Portlandd s ¢ e nt r a l.Thedetectora are lacgtdabtweem 00 and780 feet upstream afachtraffic signal

stop bar. Each count station recorded average values for its constituent detectors, as well as data for the detector that
saw the most activityfat gi ven 5 mi nut e per idaednirgdbyithe TrinsCoietentalal 06 det e
software). The arterial signal system detector data was collectdtefume week period from Fetary 12/ 20,

2007. Critical lane, critical volume, critical occupancgitical stops, critical speed, total volume, average

occupancy, total stops, and average speed were collected for each 5 minute period over the 7 daycentipde.

occupancy in this context refers to the percentage of time that the sensor detbitteaNVhile it would be

desirable to have higtesolution vehicle actuation data (or even measurensenascycleby-cycle basisith cycle

statu$ due todata management and communications issuafbteintervak is thehighestresolution available.

Archived Bus AVL Data

In addition to several other routdgjMet6 Route 12 travelalongBarburBlvd. (seeFigure2). TriMet has AVL

equipment installed on all of its buses and has an extensive bus dispatch system (BDS) which collects performance
meti cs about each vehiclebdbs daily activities. At each bt
its doors, the BDS records 26 data elements. The informagéamded by the bus includd® time it arrived at the

stop, the time itleparédthe stop, the number of passengers that boarded and alighted, and how long the door was
open(15,16. Finally, the bus records a maximum speed, which is the maximum speed that the bus attained in the
interval between the current entry and the prevames As part of earlier research, a statistically valid relationship
(model) linking the bus trajectory data to passenger vehicle speeds and travel times along one particular corridor.
(14). As an extension of that earlier wotkjs researclereatesus \ehicle trajectories by plotting the location of the

bus at consecutive time points (on average, less than 0.25 miles laphit) study, he TriMet stoplevel AVL data
wascollected for the same days as the signal system data.

ANALYSIS

In order tochaacterizetraffic flow dynamics on northbound Barbur Blvd. during the study period, Route 12 bus
travel times were analyzddr the4.5-mile corridor. Figure3 showsindividualtrip times in minutesrranged by



