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Abstract

An abstract of the research project report of Leah S. Tomlinson for the Master of Science in Civil
and EnvironmentdEngineering submitted on April 28, 2009.

Title: Orange County Empirical Analigss Using Loop Detector Data to Identify
Bottleneck Locations and Characteristics.

In order to evaluate and understand congestion issues of a freeway, it is important to understand
how traffic on that freeway flows. Using archived fregvdata and manipulating it in ways that

allow researchers to better understand that flow is a very useful tool. This study, inspired by
previous studies of the same freeway segment, determines bottleneck locations and queue
characteristics using archivedeéway data. The freeway segment, amig stretch of
Northbound 1405 in Orange County, California was studidoiata were taken from three dates.

This data included ocpancy, speed and count measures fromama offramps and lane by

lane from the maiime of the freeway. Speed diagrams were created for the mainline lanes to
determine bottleneck locations, queue locations when they occurred and how long those queues
lasted. Then, oblique plots of count, occupancy and speed were created to deterrtijnbaxac

traffic was moving in the mainline lanes. Then theramp data was examined and it was
determined that surges in -oamp traffic were creating the bottlenecks. There were some
limitations that stemmed from inaccurate data that future researcH ®uwalble to correct.
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1. Introduction

The objective othis study is to identify bottleneck locations and charasties given inductive

loop detector data (vehicle counts, lane occupancies and speed data). The data usedsig-from a

mile stretch of Interstate 405 (northbound lanasprange County, Californialhis study was

inspired by and is related to a previeug udy ti tl ed, AUse of Perforn
Data to Diagnose Freeway Bottleneck Ldlhations
That study was conducted using data from a summer day in 1998 and it was concludsd in th
study that there are limitations in bottleneck locationso orrampdetectordataand that there

may be a neetbr a larger scale analysis. The current study will take another look at this same
freeway segment to see if deteatiataat more frequent locatior{gicluding on-ramps)can give

more detailed bottlenecinformation andcharacteristicsThe data came fronthe California
Performance Measurement System (PeMS) database. This resource was developed by the
California Department of Transportation and The Unitgrsf California at BerkeleyPeMS

collects historical and rediime freeway data from California freeways in order to compute
freeway performance measures (1).

This study focused on the AM peak period from 7:00 to 9B6cause of data
restrictions, only 3 dferent queues were analyzed. The $aled to examine the bottlenecks
several oblique plots of different performance measuregdspecupancy and count) along with
speed diagrams.

1.1. Background

A bottleneckis a point at which upstream ofetlpoint, traffic is flowing freely and downstream,
there is a queuéFigure 1). Daganzo (2) defines a bottleneck such that it would be serving
vehicles at a maximum rate, and discharge outflows measured downstream of a queue would not

be affected bytraffc condi ti ons further downstream. A A
meets the foregoing conditions and deactivated when there is a decrease in demand or when
there is a spillover from a downstream bottl e
—
e ___,..--""
Qu __y — > _, NoQueue
- —F

Figure 17 Bottleneck Example (3)



Because bottlenecks can propagate for many miles and last for hours, it is important to
understand the way they form their characteristics vauteye and how they dissipate.

There have been many studies and much resesmeé on the subject of bottlenecks.
There are several implications of this research. They include the demonstration of the benefits of
traffic management sensor investngrihe revelation of the benefits of archived raw data, the
better understanding afafffic behavior at a merge and much md¢8y

In this study, dateare taken from loop detectors and analyzed. This allowed for the
identification of the bottleneck locations, the times at which the bottlenecks were activated and
deactivated and perhapshat caused the bottlenecks.

2. Methodology

As noted previously, this study was conducted using loop detectorTdetaarchived, raw speed
data vereused to create a speed contour (ffgure 2)
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Figure 2 - SpeedDiagram and Site Map (May 22, 200)



The red areas represent a slower speed wihdegteen areas represent faster spekder to

fredy flowing conditions The three aforementioned queues are labeled as Queue 1, 2 and 3.
Because these queuesm at Milepost 4.03University Drive), subsequent focus will take place

at Milepost 3.86Since we have data from the-oamp at Milepost 3.86 and from all lanes at
Milepost 4.03, our evaluation at Milepost 3.86 should provide a good idea of what is happening

on that segmenif the freewayThe site map is to the right of the speed diagram. The diamonds
represent loop detector locations. Loops shown in red are those that are located in high
occupancy vehicle (HOV) | anes thelotatiandwierethe ops t
data is either missing or corrugts can be seen from the diagram, the seconchmp detector

at Sand Canyon Avenue is grayed out because the data for that locaiesing. This makes

the evaluation of the queues at Milepost 3.31 impossshience we dondt know t
traffic entering the freeway at that location. For this reason, only the queues and bottlenecks at
Milepost3.86will be considered.

After identifying where the queues were and subsequently, where the bottlenecks formed
and dissipated, the next step in the process was to take the same speed data along with the
occupagy and count data and examine thérhis gave abetter picture of what is causing the
bottlenecks anallowed us todetermine other characteristics of thaffic flow at this location
during this time period.

The next step in evaluating the bottlenecks and queues was to create and examine oblique
plots of speed, occupancy and vehicle coendbm these plots, it can be seen when speed, count
and occupancy orease and decrease. Whebottleneck activatespeed decreases, count also
decreases and occupancy increases. This makes sense because as traffic moves more slowly,
fewer vehicles pass over the loop detectors in a given time period and stay ovepshioian
larger percentage of that time period. By knowing the exact time of speed, count and occupancy
changes and having the same information for the upstrearangm traffic, it is possibleto
determine what affect the eamp traffic has on the maingntraffic. Sinceit was determined
where the queues formed from the speed diagrams, oblique plots were made at the same location
and everything was looked at together.

3. Data

As can be seen frorfigure 1 andFigure 3, the study site is located on nortbbd F405
between Mileposts 0.93 and 6.21 in Orange County, California. Along the stadthsre are

four northbound mainline travel lanes. On the-hefhd side of these lanes, there isigh
occupancy vehicldHOV) lane that is separated by a widdyiped buffer. There are several
locationswhere an auxiliary lane is present as well. These can be séagyune 1 at Mileposs

1.11, 1.73, 2.35, 5.74 and 6.21. There are 14 mainline loop detector stations that are labeled



according to their correspondimilepost. In addition, all erand offramps have detectors on
them.

The following figure shows the site where a majority of the analysis takes place. The
locations of the omamp loop detector and the upstream and downstream freeway loop detectors
areshown.

Data were pulled from the PeMS database for the days of May 22, 2001, May 23, 2001
and June 1, 2001. Loop detectors collected count, occupancy and speed data. The data was
aggregated in 30 second intervals for each lane. As was previously redntibare are some
locations where the dataewe missing or the data eve collected but somehow corrupted and
inaccurate. These loops are indicated as being faulty by being grayed over where the site map is
displayed.

] Traffic Lore Lap Satellite | Terrain

Figure 3 - University and | 405 (Courtesy of GoogleM aps)



4.  Analysis
4.1 May 22, 2001

May 22, 2001 was the first daydés data to be
processes previously explained. The plots and figures in this section explain whigiunes
after processing that data.

4.1.1 Speed Diagrams

As explained earlier, the first thing that was done to the dataheaseation o& speed diagram.

The data from the 3 different days showed similar trends so only the graphs from the May 22,
2001 will be displayed.The speed diagram for this day is seenFigure 2. Queue 1 was
activated at 7:34AM and deactivated at 7:44AM. Queue 2 was activated at 7:56AM and
deactivated at 8:11AM. The last queue, Queue 3 was activated at 8:23AM and deactivated at
8:49AM. After determining these queue times, the next step was to take a look at the oblique
plots to get a picture of the flow of traffic at this location at the times that the queues began and
ended.

4.1.2 Oblique Plots

Figure 4 shows the oblique coypibts for Milepost 3.86The red lines indicate the beginning

and ending of the queue and are labeled as Queue 1, 2 Asdc&n be seen from this plot, at
around 7:34AM, the time of the activation of Queue 1, there is a sharp decline in count in lanes
1, 3 and 4 (the data for lane 2 in this instance was corrupt). The trend continues until
approximately 7:44AM, at which time, the count begins to increase again. This too is consistent
with the end of Queue The same trends occur at the beginning andoéi@ueue 2 and Queue

3. The numbers on the plot are values for the flow of vehicles in vehicles per hour. They show
bottleneck prequeue flows and discharge flonBecause all lanes follow the same trends, only
lanel flows were labeled.

Figures 5 and 6h®w oblique occupancy and oblique speed counts respectideigin,
the queue beginnings and endings are outlined inSidilar trends can be observed in these
plots. At approximately the same timas the beginnings and ends of the queues that camtespo
with the increases and decreases in count (as shown on the oblique count plot), decreases in
speeds and increases in occupancy can be obséteesl.that during the when between the
gueues are active, there are steep increases (occupancy) or despaadsand in between the
gueues, speed and occupancy level éffiain, this is logical and expected since a queue would
slow traffic speeds and therefonmecrease theamount of time vehicles spend over the loop
detectorgoccupancy).
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Figure 4 - Oblique Count Plot
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At this point in the study, it had become apparent that at this particular Io¢h@atda were

A g o gwithothe exception of lane 2k was making sense and the different types of data were
lining up together in a way that reinforced what we know about traffic flow. Afeesis
understood how the traffic was flowing at that location, witleeequeue was forming and how
traffic is responding to that quewstempts were made solve the question of why the queue is
forming in first place. In order to do that, the next step was to look at trengmflow at that
location. It was hypothesideghat whereghe formation ofjueues anthe slowing otraffic

occurred there would be a surge in traffic from theramp onto the mainline freeway. Upon
examining the omamp count, it was determined thlaé hypothesis was correct.
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