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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 desirable to collect 

and disseminate traveler information about arterials since nearly forty percent of the nationôs vehicle miles traveled 

(VMT) occur on the arterial roadway network. Surveillance using loop detectors (or other point-based data 

collection systems) associated with traffic signals can be one way to develop an arterial monitoring system. In 

addition, with the prevalence of transit buses operating on arterials, and the development of more advanced bus 

dispatch systems that include global positioning systems and real-time communications capabilities, attention is 

turning to the possible use of buses as probe vehicles along arterials. This paper describes research to extract arterial 

performance measures combining both traffic signal system detectors and from buses acting as probe vehicles using 

a case-study approach in the Portland, Oregon metropolitan region. Graphical techniques are developed for 

constructing the shape of the congested regime in time and space along a key arterial corridor. The paper includes 

recommendations for expanding the techniques to other corridors, the use of higher resolution, real-time transit AVL 

data, and on-line implementation of an arterial travel time information system.  

INTRODUCTION  

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 desirable to collect 

and disseminate traveler information about arterials since nearly forty percent of the nationôs vehicle miles traveled 

(VMT) occur on the arterial roadway network.  Travelers would benefit by gaining information about the current 

traffic conditions on all facilities so that potential alternate routes (particularly for short 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 long run, planning 

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 flow facilities such as freeways. Travel time along an arterial essentially includes two distinct 

components: the travel time along links between the influence areas of traffic signals and the travel time through the 

signalized intersection itself.  The traffic flow between signals (nodes) generally behaves like an uninterrupted flow 

facility and methods to extrapolate measured speed at a point (from system loop detectors) to estimate link travel 

time would likely produce results comparable to freeway experience. Estimating travel times through the signals 

(nodes) requires detailed knowledge about queues and signal settings. Accordingly, an increasing amount of 

research has been directed toward improving techniques to monitor arterial performance (1-11).  Several authors 

have proposed methods for estimating travel time that take into account these two components of travel on 

signalized arterials. Such research has either attempted to measure each component directly (3-5) or used traffic flow 

theory to model relationships between traffic flow and signal control settings (6,7). Skabardonis and Geroliminis (9) 

have formulated a model that addresses the problem of collecting data by predicting travel time on corridors based 

on count and occupancy data from signal loop detectors, green times, cycle lengths, and offsets for the signals in the 

corridor.  The use of high resolution data (i.e. individual vehicle activations) for performance measurement at 

isolated signals was explored in (10) and the effect of blending these data with more dynamic information about 

signal timing was explored by Liu and Ma (11). 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 plate matching, transponder matching, 

and cell phone tracking. In addition, there have been efforts to use buses as probe vehicles to aid in providing real 

time condition monitoring and travel time estimates along arterials (12-14). Transit providers are increasingly 

equipping their bus fleets with automatic vehicle location (AVL) technology.  Global positioning systems (GPS) 

units located onboard enable the buses to be smartðñknowingò information such as their exact location, their 

schedule, whether they are late or early and how many passengers they are serving, among other important 

performance parameters.  If made available in real-time, these data could potentially be extrapolated to provide a 

snapshot of arterial speed conditions as shown in Figure 1. This figure was generated using archived speed data from 

five bus routes in Portland, Oregon as a sample.  However, there are clear limitations to using buses for the purpose 

of predicting passenger vehicle travel times.  Buses lose time when they stop to serve passengers, including time 

spent accelerating and decelerating.  Furthermore, even when not stopping to load and unload passengers, a bus is 

larger with different performance characteristics and thus generally travels slower than a passenger vehicle.  

Because of these factors, buses can also tend to lose the ability to take advantage of traffic signal timing progression 
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strategies on arterials. Finally, the frequency of information provided by buses is dependent on bus headway which 

may be insufficient for providing up-to-date traveler information.     

 Though both buses and signal system data sources suffer from being insufficient separately, it is possible 

that together they can be used to provide a more complete and accurate picture of the conditions on the arterial 

roadway system.  Therefore, the objective of this paper is to examine the potential of using bus AVL data to 

improve arterial condition monitoring that is better than can be achieved using signal system loop detector data 

alone; ultimately the techniques developed here could be extended to real-time traffic management and traffic 

information applications. The paper first describes the data available for the corridor then presents a prototype 

graphical exploration of combining these data sources. Next, a more automated method is described based on results 

of the prototype exploration. A summary and recommendations for future work conclude the paper. 

 

 
FIGURE 1 Sample arterial speed map generated from bus data, Portland, Oregon. 

 

STUDY AREA AND DATA 

To explore the feasibility of combining signal system data with bus AVL  data to improve estimates of arterial 

performance, a case study corridor was selected. A 4.5-mile section of the four-lane arterial Barbur Blvd. between 

Sheridan Street and the Barbur Blvd. Transit Center (a regional park & ride facility) was chosen. A schematic of the 

corridor (including the locations of signalized intersections) is shown in Figure 2. Data were collected from both the 

signal and bus systems for the week of February 12, 2007. These data are described in the following sections. 
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FIGURE 2 Map and schematic of Barbur Blvd.  

 

Signal System Detector Data 

The corridor is equipped with five  detector stations configured as system detectors (count stations) in the City of 

Portlandôs central signal system.The detectors are located between 100 and 780 feet upstream of each traffic signal 

stop bar. Each count station recorded average values for its constituent detectors, as well as data for the detector that 

saw the most activity for a given 5 minute period (the ñcriticalò detector as determined by the TransCore central 

software). The arterial signal system detector data was collected for the one week period from February 12ï20, 

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

occupancy, total stops, and average speed were collected for each 5 minute period over the 7 day sample.  Note that 

occupancy in this context refers to the percentage of time that the sensor detects a vehicle. While it would be 

desirable to have high-resolution vehicle actuation data (or even measurements on a cycle-by-cycle basis with cycle 

status) due to data management and communications issues 5-minute intervals is the highest resolution available.   

Archived Bus AVL Data 

In addition to several other routes, TriMetôs Route 12 travels along Barbur Blvd. (see Figure 2). TriMet has AVL 

equipment installed on all of its buses and has an extensive bus dispatch system (BDS) which collects performance 

metrics about each vehicleôs daily activities. At each bus stop (whether the vehicle stops or not) or when a bus opens 

its doors, the BDS records 26 data elements. The information recorded by the bus includes the time it arrived at the 

stop, the time it departed the 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 previous one. 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 work, this research creates bus vehicle trajectories by plotting the location of the 

bus at consecutive time points (on average, less than 0.25 miles apart). In this study, the TriMet stop-level AVL data 

was collected for the same days as the signal system data.  

ANALYSIS 

In order to characterize traffic flow dynamics on northbound Barbur Blvd. during the study period, Route 12 bus 

travel times were analyzed for the 4.5-mile corridor.  Figure 3 shows individual trip times in minutes arranged by 


