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CHAPTER 1 INTRODUCTION

The primary objectives of this study are to determine the accuracy of
collecting travel times with the Mobilizer, a video tracking technology, as well as to
anayze the travel times for vehicles in the HOV lane aong the designated segment of
Interstate 5 in Seattle, WA. The dataextracted in this study are subjected to two separate
anayses. an examination of the accuracy of Mobilizer collected travel times and a
general comparison of the travel timesfor the three separate lanes. The Statistical vaidity
of the travel time estimatesresulting from Mobilizer analysisare examined by comparing
them to the true population travel time results.

The following chapters will review the current literature, outline the
research approach, discuss the results, and offer conclusions and recommendations based
upon this study of travel times and the Mobilizer. The literature review includes an
overview of the various current strategies for travel time collection. Floating car surveys,
license matching plate methods, probe vehicle surveys, inductive loop usage, and video
image tracking systems have al been summarized within the literature review. The
chapter explaining the research approach has been broken into a description of the data
collection process, data analysis methods, and an explanation of the statistical gpproach
applied. Following the outline of the testing procedure used to evaluate the Mobilizer are
the results of the Mobilizer evauation and the comparison of travel times in the three
lanes studied. The fina chapter consists of the recommendations and conclusions about

the Mobilizer and the travel times being experienced along the northbound route of
Interstate 5 in Segttle, WA.



CHAPTER 2: LITERATUREREVIEW

Statistics garnered from travel time surveys can be useful for planning,
design, and operational studies, in addition to being able to assess dternative
improvements. Travel times can also be used to analyze and assess various transportation
problems and policies. Various methods and technologies exist for collecting travel
times. Older methods include floating car surveys and manual collection of license plate
information. More recent methods exist using Intelligent Transportation System (ITS)
technologies as well as variousforms of video imaging, such asthe Mobilizer.

Various methods are currently in existence for measuring travel time data.
The most encompassing studies on travel time collection methods have been done in
three reports.  "Advanced Techniques for Travel Time Data" (Turner), "Improved
Method for Collecting Travel Time Information™ (Rickman, Hallenbeck, and Schroeder),
and the user's guide of "Quantifying Congestion" (Lomax, Turner, and Shunk).
"Assessing Vehicle Detection Utilizing Video Image Processing Technology™
(Hartmann, Middleton, and Morris) offers short summaries of current detection methods
as wdl as background information about various video image processing systems. Also
offering studies of video image processing systems are the Task A and Task F Reports,
"Development of IVHS Traffic Parameter Specifications” and "Vehicle Detector Field
Test Specificationsand Field Test Plan™ prepared by the Hughes Aircraft Company.

While it would be impractical to go into great detail about all methods of
travel time collection available, an overview of travel time collection methods has been
included in thisstudy. The various methods of travel time collection chosen for summary

include:



Floating car surveys:
Electronic Distance-Measuring Instruments (DMI’s),
Global Positioning System (GPS) receivers;
License plate matching:
Manual Collection,
Lap Top computer;
Probe Vehicle:
Automatic Vehicle ldentification,
Automatic Vehicle Location,
Cellular Phone Tracking;
Inductance Loop Sensors,

Video Image Traclung Systems.

FLOATING CAR SURVEYS

The floating car method requires the driver to "float'™ within the traffic
stream, passing as many vehicles as it is passed by. During traffic conditions where
counting the passing and passed vehicles is difficult, the vehicle is driven at a speed
representative of the average speed of the traffic flow. Thedriving style ad judgment of
the driver will effect the recorded travel times (1). Distance Measuring Instruments
(DMI's) and Global Positioning System (GPS) recelvers are among the various
technologies that can be used in conjunction with floating car surveys to increase data
accuracy.

Once atest section has been identified, travel timeis obtained by starting a

stopwatch at the beginning station of the test section and stopping it at the final test



station. The time of travel across the test section is recorded and the test run ¢an e
repeated a number of times to determine the overall averagetravel time. Additiona data
can be collected by recording the times that the test vehicle passes pre-established
checkpoints. Suggested checkpoint locations include: maor interchanges, maor
intersections, jurisdictional boundaries, and transition points between different roadway
cross sections or land uses (1). While the number and spacing between checkpoints will

vary, mileage can be determined between various checkpointsby the odometer of the test
vehicle or by scaling a map of the regional location. Precise locations of checkpoints
must be determined to ensure consistent data collection. The same checkpoints should be
used for every run of the floating car method to ensure consistent and comparable results.

The following are the advantages and disadvantages of the floating car
sweys(1& 2):

Advantages:
e no special equipment requirements,
e positively identified travel time measurements,
e easy to record travel times between intermediateroadway points,
e ability to record delays or incidents affecting travel time during

collection process.

Disadvantages:
e extensivestaffing necessary for driving and recording datafor alarge
number of travel times,
e extensivestaff time necessary for datatranscription,
e cost dueto staffing needs,

o difficulty infunding the necessary amount of data collected,



e accuracy problemsassociated with correctly recording timesat
checkpoints,

e accuracy of travel timesdependent upon the judgment of thedriver,

e vehiclecharacteristicscan influence collected travel times.

ELECTRON C DISTANCE MEASURING INSTRUMENTS(DMI'S)

Electronic distance-measuring instruments (DMI's) have been integrated
into the floating car method. The equipment necessary to conduct a travel time survey
using the DMI method include: driver, vehicle, electronic DMI, and data collection
sheetsfor easy data recording. The DMI is an éectronic instrument that when attached to
the test vehicle's transmission receives a series of pulses from the transmission. The
frequency of the pulse seriestransmitted is directly related to the distance being traveled
by the test vehicle. The DMI trandates the pulses into an equivalent distance. Distance
measurements are much more accurate than an odometer with proper D M calibration (3).
DMI's can provide instantaneous speeds that can be automatically downloaded to a

portable computer. Turner found the following advantages and disadvantages with the
electronicDMI's (3):

Advantages:
e improved cost effectiveness and safety,
e decreased time for daa reduction and analysis from portable
compuiter,
e (etaled travel timeand delay information,

e« characteristics of acceleration and decelerationcalculable.



Disadvantages:
e |abor intensive,

o trave timesonly asaccurateasdriver's judgment.

GLOBAL POSITIONING SYSTEM (GPS) RECEIVERS

Globa Postioning System (GPS) receivers can aso be used in
conjunctionwith the floating car techniqueto automatically collect travel timedata. GPS
for travel time collection requiresa vehicle, adriver, a GPS receiver, a portable computer,
and Geographic Information System software for automatically reducing and viewing the
collected data (1). GPS uses a satéllite system to continuoudly track the location of a

specified vehicle. Receiving device-equipped vehicles can be visualy tracked and
monitored.

Advantages:

¢ travel time measurement is actual and not estimated.

Disadvantages:
¢ large number of probe vehiclesrequired for accuracy,

e public warinessdue to privacy issues.

LICENSE PLATE MATCHING

An advantage the license plate matching technique has over the floating
car method is that it collectsdata from the red traffic stream rather than measuring travel
time along an arbitrarily sdlected path at the driver's estimate of the average stream



gpeed. License plate matching data collection is accomplished by observers noting the
license plates of passing vehiclesalong with the current time on paper, computer, or even
into atape recorder.

MANUAL COLLECTION

At least two peopleare required for collecting license plate samples. One
located at the origin and one at the destination of the roadway under study. The recorders
are required to note the passing license plates either into a voice recorder or onto a data
sheet. Usualy one person is required per lane per location for manua license plate
collection studies. Manual license plate collection field data (data sheets or tape recorded
results) get matched later in the office by hand or a computer agorithm that processesthe
collected data. A study by Donald Berry in 1952 determined that manual license plate
collection methods require about twice as many hours in the field compared to the
floating car method (4).

LAP Top COMPUTER

To match license plates with the help of 1ap top computers, data collectors
manually enter license plate characters into their computers. Only part of the license
plate is entered (usually the first four characters) to decrease the number of incorrect
entriesas well as to aide the recorder in collecting a large number of platesquickly. This
method of collecting travel times costs less than floating car surveys while providing a
larger number of travel time runs and offering additional information regarding the traffic

stream under observation, i.e. origin-destinationinformation (2).

Advantages:

e large samplesizes per data collection period,



representative estimate of travel times provided by random sampling,

speed profiles for study sections available from collection of travel
timesat smal timeintervals,

computer entry more cost effectiveper travel timerun than the floating
car technique,

effective for small amounts of data as well as for very dow moving
traffic.

Disadvantages:

potential datainaccuracy from incorrectly read or matched plates,

no stopped delay or incident information collected, only overal travel
times,

high initial cost of equipment,

manual operationshave been characterized by unacceptably high rates
of error in data collection and processing (5),

not terribly practical for high speed or extended roadway traffic
without extensive through traffic volumes (6).

PROBE VEHICLE

The probe vehicle technique utilizes vehicles in the traffic stream to
periodicaly report vehicle location or speed to a traffic information center. The speed
and location can be reported using any of the following methods: automatic vehicle

identification, automatic vehicle location, or cellular phone tracking. The probe vehicle

technique provides large volumes of travel timeinformation on area-time basis.



AUTOMATIC VEHICLEIDENTIFICATION

Automatic Vehicle ldentification (AVI) systems require an in-vehicle
transponder, a roadside unit to identify the vehicle transponder, and a central processing
computer system. After a vehicle with a transponder has passed a roadside unit, the
information carried in the transponder is transferred to the roadside reading unit.
Transponder information ranges from basic vehicle identification to trip information to
toll account balances (6). Vehicle positions can only be reported at |ocations where a
roadside detection device has been placed.  AVI systems can provide very accurate
travel time measurementsfrom uniquely identified vehicles. Unfortunately, the accuracy
and reliability of the travel time data is dependent upon the number of transpondersin the
r ¢ stream. If a bias exists in the vehicles carrying the maority of the transponders
(i.e. commercia vehicles) thenthetravel times will subsequently carry that same bias.

An AVI study was conducted by the Texas Department of Transportation
(TxDQT) to provide travel time information for a 120 mile stretch of freeway (7).
'I%BOT installed AVI systems on the freeway and HOV lane networks in Houston to
monitor travel times at intervals 2 to 4 miles long. The information was to be used to
evaluate aternative transportation routes and to encourage the use of the HOV and tall
facilitiesinthe area.

20-mile sectionsof various freeways leading into Houston were monitored
by approximately 34 AVI reader stations. Electronic tags were distributed by the Harris
County Toll Authority, TXDOT, and the Metro Transit Authority. Information on vehicle
identification, location, and time were al collected by the roadside readers and then
transmitted to the Central Control Facility via modems and telephone lines. The travel

time information was formatted and distributed to the various real -time information users.



Advantages:
o red-time travel information collection and distribution by traffic
information center,
e error associated with floating car eliminated,
e |ow operating cost after transponders have been distributed,
e littledisruptionto traffic during installation process,
e compatiblewith fleet management or toll collection technology.

Disadvantages:
e highinitial equipment costs (readers, transponders, etc.),
e tagacquisitionand display required by motorists,
o travel timeslimited to fixed routesand checkpoints.

AUTOMATIC VEHICLE LOCATION

Automatic Vehicle Location (AVL) permits the location of a vehicleto be
known automatically by the use of transmitters carried within the vehicle. The
transmitterscan determine the vehicle's location at frequent intervals by comparing the
location of the vehicle to the location of a fixed reference point, such as a sign pos,

satellite, or radio tower. Travel times can be calculated from corresponding vehicle
location reports.

Various AVL technologiesexist: signpost, ground based radio navigation,
and global positioning AVL. Signpost AVL systemsemploy fixed location antennas for
tracking specific vehicles along a fixed route. Ground based radio navigation AVL
technology uses a radio frequency and receiving towers for position information

transmission. GPS utilizes orbiting satellites for continuous location determination via
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triangulation. Additionally, differential GPS uses local towers in conjunction with

satellitesto increase GPS accuracy.
Advantages.
e real timetravel information collected at frequent intervals,
e human error eliminated,
e not limited to fixed routesor checkpoints,

e compatible technology with fleet management.

Disadvantages:
e highinitial costs($1000 - $4500 per vehicle),

e 5-10% error in exact vehicle location (3).

CELLULAR PHONE TRACKING

Celular phones can be used for evaluating travel times through a
geolocation/tracking technique. Geolocation processes locate vehicles using cellular
phones within the desired traffic Sream via a triangulation method using three or more
cellular phone towers to locate the positions of the vehicles equipped with the cellular
phones.

Two methods exist for monitoring the location, and therefore the time-
difference-arrivals, of cellular phone vehicles. The first method requires cellular phone
users to report their locations at designated checkpoints along their route of travel. The

second relies on the geolocation system to poll and monitor al the locations of the



cellular phones in use and' disseminate and process all the collected information at a
control center.

The Texas Depatment of Transportation (TxDOT) conducted a
demonstration project designed to use cellular phonesfor traffic condition data collection
(8). TxDOT recruited 200 commuters to report traffic conditions and traffic incidents
affecting the traffic flow as well as to phone into the control center while passing the
designated reporting stations. The operators at the control center recorded the time of
day, vehicle identification, vehicle location and any additional information (incidents or
accidents causing delay) into the travel time analysis database. Probes completing their
commute to and from work were reporting at 3 to 4 mile intervals dong a 20 mile

corridor. A computer analysis program calculated the travel times and average speeds
between the stations.

Advantages:
e minimal installation costsdueto cellular phone popularity,

e incident and emergency calls receivable through cellular network and
control centers.

Disadvantages:
e |arge investment to track phone callsat control center,

e tracking limited to cellular phone holders and cellular phone ranges,

e potential public disapproval for privacy concerns.



INDUCTANCEL OOP SENSORS

Wire loops placed in the roadway, acting as inductive units, send asigna
to a controller when vehicles pass over them. A study conducted by the University of
Washington investigated the methodol ogy of converting raw binary loop datainto travel
time and speed data (9). Inductive loops are the most common traffic detectors (10).
Loops provide data such as occupancy, traffic counts, and vehicle passage. Speed and
travel timedata can be obtained from dual-loop configurations.

Advantages:
e inductanceloop detector popularity.
Disadvantages:
e relatively highloop detectionrates (10%),
e installation and maintenance,

e necessity of adjacent loops.

LICENSE PLATE RECOGNITION

Video imaging for license plate recognition systems is more limited than
regular surveillance systems. Surveillance systems can be used for multiple lanes and to
detect incidents as well as performing volume and capacity counts. License plate
recognition systems require one camera per lane. License plate recognition systems
utilized for HOV enforcement may require up to three individual cameras per lane.

License plate recognition systems use video imaging to search for the
license plate withinthe field of view (FOV). Detectorsalert the recognition system of the
presence of a vehicle. Once a vehicle has been detected the license plate recognition

software searches the video image for the license plate. After the license plate has been



located, the imageis “frozen™ and saved. If the system is being used for enforcement,
many times the license plate image is obtained before the violation is detected. Only the
images associated with violations need to be kept for processing and the rest can be
overwritten.

Until very recently, video imaging was a high cost means of monitoring
traffic flows. However, the Federal Highway Administration (FHWA) funded a project
to combine the television camera with the video processing technology of the time to
identify and track vehicles. Like loop detectors, video imaging functions as a means to
collect, analyze, and record various traffic parameters such as: density (vehicles per mile
per lane), speed, volume, presence, and queue lengths. In addition to providing real-time
measurements, video imaging aso acts as a tool for monitoring congestion and as a
means of incident management.

Comparatively, video imaging is able to provide more accurate data as
well as more traffic flow parameters than inductive loops. Queue presence as well as
density tend to be more qualitative descriptions of traffic behavior. Loop detectors
provide only a quantitative measurement. Video captures data in red time footage that
can either processed into quantitative measurementsor viewed in a qualitative capacity
Viewing a specific roadway can provide a more "gut reaction” sense of roadway
description. *'One picture is worth ten thousand words™ (11). Many imaging systemsare
providing thousandsof pictures per second.

In addition to the wider range of data supplied, video imaging is aso less
disruptive to install and maintain. Oakland County, Michigan found their Autoscope
video vehicle detection system better than loops because ' the freezing and thawing cycles
destroy the road surfaces very quickly, especially with pouring raw salt from local salt-
mines on the road. The survivability of long loops in this environment was in serious
doubt, i.e. it was questionablethat they would be able to last longer than ayear at atime'
(12).



Table 1: Video Image Processorsvs. Inductance L oops

Four Advantagesof Video Image Processor over Inductive L oop Detector (13)

1 Multilane coverage and potential installation and service advantages.

2 Detection Zones on the road are controlled by an operator at a computer terminal

and can be changed at any time as dictated by thetraffic flow.

3 The Detection Zone can be programmed to detect queuesand turn patterns.

4 Additional traffic data (vehicle classfication, tracking, incident prediction, visual

accident confirmation.

VIDEO IMAGE TRACKING SYSTEMS

The Hughes Aircraft Corporation undertook a study in 1991 to investigate
various detector technologies that could be incorporated into Intelligent Transportation
Systems (ITS). The study compared current technologies and attempted to establish
accuracy specifications for detector installations. Two examples of video image

processorstested and summarized are the Autoscopeand the Traffic Analysis System.
Advantages:

e potentialy low operating costs compared to equipping probe vehicles,

e Video usableto verify and respond to accidents/incidents.

Disadvantages:
e technology has not been extensively tested,

¢ video quality limited by conditions such as fog, rain, snow, darkness,
shadows, etc.,

e publicdisapprova due to privacy issues.




Autoscope collects data such as volume, lane occupancy, headway, single
vehicle speeds, and average speeds of all the vehicles over a given length of time.
Additionally, Autoscope can report the classification of a single vehicle detection based
upon the classof the vehicle length (14). Autoscoperdiability is dependent upon camera
placement. As with the mgjority of video image processing systems, the ideal camera
location for maximum accuracy is immediately above or adjacent to the roadway under

study.

TheTr ¢ AnalysisSystem marketed by Computer Recognition Systems
is designed to report the overall mean speeds of vehicles, vehicle lengths, vehicle areas,
total number of vehicles surveyed, vehicle density, and vehicle occupancy. The Traffic

Anaysis System aso offers data on a per lane basis such as average speeds, densities,
occupancies, and number of vehicles.

MOBILIZER

The Mohilizer is composed of two subsystems: a Track Node (TN) which
interfaces with the camera a the roadside, and the System Manager (SM) which
processes the TN inplfis from one or more cameras. The TN detects vehicles in the
camera video and sends the time and location of each vehicle detection (object sighting
message) to the SM for processing along with a snapshot for visud verification of
freeway conditions (15). Once the detections have been received by SM, they are
combined into vehicle tracks by linking the object sighting messages for each vehicle
together. The SM calculateseach individua vehicle's flow characterizationfrom itstrack
and into output data. Output datais calculated by lane and by aggregation time intervals.
Currently, Mobilizer can provide the following data for freeways: speed, density,

occupancy, volume, headways, vehicle classification, and accel eration.



When more than one camera location is monitored by the SM, the
Mobilizer has been designed to estimate travel timesfrom one cameralocationto another.
At each camera station, vehicles are tracked within the field of view. The Mobilizer
gathersits information by taking as many *'looks” at each vehicle as possible within the
field of view. Theinformationgathered from these™looks" is used to extract detailsfrom
the physical characteristics of the vehicles being tracked and to create a vehicle
“fingerprint" (16). Each vehicle tracked is adso given a unique track identification
number. The System Manager (SM) compares the vehicle fingerprints from the two
locationsand will estimatethe travel times between them for every match that isfound.

H GHOCCUPANCY VEHICLE (HOV)LANES

Two documents have been used to evaluate the effectivenessof the HOV
lane within the study. The first, by Charles A. Fuhs in "High-Occupancy Vehicle
Facilities" offers a comprehensive survey of current HOV design, operation, and
planning practices. The primary guidelinesfor HOV lane viability are congestion, travel
time savings, person throughput, vehicle throughput, capacity improvement, local and
public support, enforceability, cost effectiveness, and physica feasbility (17). Fuhs
reportsthat travel time savingsfor HOV lane users should be approximately one minute
per mile from origin to destination. Five minutes is considered to be the nini num of

overal savings. A time savings of eight minutes between the origin and destination is
desirable(17).

The "Washington State Freeway HOV System Policy" takes the stance
that HOV lanes should offer reliable speeds and travel time advantages to HOV users.
Theexigting policy for the HOV Speed and Reliability Standard isas follows:



“HOV lane vehicles should maintain or exceed an
average speed of 45 mph or greater at least 90% of the
timesthey use that lane during peak hour" (18).

Unfortunately, the WSDOT policy does not specify whether the travelers are to be
exceeding 45 mph for at least 90% of their trip, the entire system is supposed to be
exceeding 45 mph 90% of the time, or whether any segment of the roadway is supposed
to perform at 45 mph 90% of the time during peak hour.



CHAPTER 3: RESEARCH APPROACH

DATA COLLECTION

Data collection occurred on the afternoon of Thursday, April 30, 1998
during afternoon peak period travel times. The day was chosen for its perfect weather
conditions. sunny with light winds. The Mobilizer is still being tested for dependability
in inclement weather and less-than-ideal visibility situations such as fog, rain, snow,
dawn, and dusk.

Although an hour of data was collected, only the fifteen minute period
between 5:18 and 5:33 p.m. will be discussed. The sites chosen for data collection of
travel times were two overpasses overlooking the northbound lanes of Interstate 5 in
Sesttle, WA at 130" and 145™ streets. The site location overpasses cross the interstate at
right angles and offer a direct view of the lanes below while being inconspicuous to the
traffic under observation. Figure 1 shows the map location of the test sites. Figures 2
and 3 show the freeway sections as seen from the camerafields of view. The section of
freeway has five northbound lanes. four general purpose lanesand one HOV lane. Only
the three outermost lanes were chosen to be studied due to the field of view restrictionsof

the camera.
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The sites were chosen for thefollowing attributes:
e HOV lanes,
e calibration marks on the roadway,
e oOverpassat approximately 90 degree angle with sidewalks,
e unimpeded view of roadway below overpass,

e adjacent overpasssites.

Cdlibration Marks

One of the notable features about the two camera locations were the
pavement section joints within the camerafields of view (FOV’s) below the overpasses.
These dark lines showed up on the digitized images and provided an excellent calibration
reference. The distances between the lines were determined for a previous study and the
measurements were retained and reused (16). The calibration lines provide an essential
component for the Mobilizer analysis since length is one of the most important vehicle
characteristics. Mobilizer gathers the most information during the initial "'looks"
therefore having closely spaced calibration marks at the beginning of afield of view is
recommended. For this reason the raised pavement markers within the roadway were

used as well asthe pavement section jointsfor improved dataaccuracy.

Automated Gain Control (AGC) Region

The desired feature that is missing from the collection sites is an
Automated Gain Control (AGC) region. An AGC region compensatesfor both sudden
changes in background conditions and general shifts in gain. Sudden shifts in
background conditions are caused by changes in the generd lighting conditions, usually
due to moving cloud cover and shifting shadows. Cameras utilize gain shift when a big,

dark or light vehicle saturates the dynamic range of the camera. Without gain shifts all
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that would remain in the scene would be large dark or light spots with the rest of the
scene completely washed out.

Ideal ACG regionswouid consist of signstilted slightly upward, extending
above the highest vehicle. These signs could also double as registration points in case
the camera needs to be automatically re-positioned by the system. Temporary AGC
regions need to ensure that some small portion within the cameras field of view isfree
from both vehicles and their shadows. Although AGC region placement was attempted
for the sites, the AGC regions turned out to cause more problems than they solved and

were removed. AGC regions would be necessary for any extended video-imaging usage.

Data were collected using video cameras located at particular vantage
points. Video cameras were set up strategicaly over the center of the three lanes being
studied at the overpass locations. The video operators "' stamped" the video segments by
recording the time of day onto the video via walkie-talkies. Due to difficulties in the
accuracy of starting both cameras smultaneoudy in two different locations, the time
stamps allow the time codes on the video segmentsto be translatedinto the real collection
times during the data processing stage. However, if red time data were desired and the
proper equipment aready in place, smultaneous red time collection would easily be
viable.

The camera was st to record on a manual mode with a shutter speed of
112000. The manual camera mode was chosen instead of an automatic mode to override
automatic camera features such as zoom and focus. The manua mode was necessary to
keep the focus and gain control constant during the data collection process. The fast
shutter speed was appropriate considering the speed of the vehicles being recorded.
Because the Mohilizer analysisis based upon the number of "looks" taken of distinct
vehicles, the images collected by the video camera needed to be as sharp as possible. A



24

microphone was included in the camera egquipment for recording the audio time stamps
relayed by the walkie-talkies between the datacollectorsin thefield.

Radar guns were also used during the data collection to confirm the
accuracy of both the collected travel times from the video and from the Mobilizer in al
three lanes being studied. During the video taping the radar gun was used to " shoot”
gpeeds of specific vehicles. The speeds and vehicle descriptions were recorded onto the
videotape with the microphone. Later on, the vehicle speeds were converted into
estimated travel times. The estimated travel times were compared with the true travel
times collected.

An hour of video was collected simultaneoudly from the 130" and 145"
street overpasses. A fifteen minute segment taped between 5:18 p.m. and 5:33 p.m. was
chosen for the data processing and Mobilizer comparison. The time period included a
wide range of flow conditions. The fifteen minute segment was also chosen because it
had the least number of buses interfering with the automatic gain control (AGC) region.
A restricted amount of memory on the computer being used to run the data limited the
data collection to fifteen minutes of video per location.

Only three of the five northbound lanes were studied. Three lanes offer
the best field of view for the Mobilizer. The HOV lane was necessary for the study. The
two innermost lanes were excluded from the study because of their absence within the
field of view as well as the increased likelihood of lane-changing vehicles. The
Mobilizer is unable to follow vehicles changing lanes. The two innermost lanes, being
closest to the freeway on and off ramps, have the most potential for vehicles changing
lanes.

The three lanes studied are referred to & the 'right,”” "middle’” and
"HOV" lanes, as defined within Figure 4.. The HOV lane is the outermost lane on the
left sde of the roadway that has been separated from the rest of the general purpose lanes
by awide white stripe. The"middl€" lane for the analyses is the lane directly adjacent to
the HOV lane. The'right” lane is the third lane from the right, adjacent to the "middle”
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lane and two lanes from the HOV lane. Although the roadway is composed of fivelanes,
only threeof the laneswere studied.

Figure 4 "HOV," "Middle," and " Right" Lanes

DATA EXTRACTION

Two methods were used to extract the data from the video segments
collected. The first was a manua extraction and the second was an automatic extraction
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using Mobilizer. The manua method determined the true travel times against which the
Mobilizer results were evaluated for accuracy.

MANUAL EXTRACTION

A time code was included on both of the video records to assst in the
manua dataextraction. An observer watched the fifteen minutes of tape and recorded the
times and lanes of al the vehicles within the fifteen minute segments of the tapes.
Digtinctive marks were chosen on the images of 130 and 145 (the pole and the
maintenance hole cover, respectively). Eachtimeavehiclein any of the three lanes being
studied passed the mark, the time was noted. The observer then had to find the same
vehicle in the other video segment and record its location and time. The whole process
required extensive effort and was extremely time consuming. It was necessary for the
viewer t0 toggle back and forth between the images of both the origin and destination
videos. All of the vehicles within the three lanes studied had to be found and matched
within the alternate video. It took approximately 24 hours to match the carsin the fifteen
minute video segments at their origins and destinations along the 0.625 mile stretch of
interstate.

The roadway characteristics were useful for data collection. Thereis only
one northbound off-ramp located right before the 145" overpass, see Figure 5. Every
vehicle that passed through the 130™ FOV did not necessarily continue on to the 145
FOV. However, every vehicle that was seen within the 145" FOV had to pass through
the FOV a 130" Street. All of the vehicles within the 145" FOV were matched with the
same vehicle within the 130" FOV.
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145" Street NE

130 Street NE

Figure5: Off-rampBetween 130th and 145th

MOBILIZER EXTRACTION

Two proprietary software diagnostic tools for link time performance
analysis were loaned by Condition Monitoring Systems (CMS) to the University of
Washington (U.W.) for the duration of this study. The first tool, a non-real-time version
of the SM, processes inputs only from a digitized file stored on disk. This tool provides
supplementary data in the Mobilizer log files in addition to the output produced during
normal system operation with a videotape or camera input. Therefore, for the matching
performance analysis, it was necessary to digitize the videotape segments to be studied
prior to processing them with the non-real-time SM (20).

As the digitized images are processed, the diagnostic SM tool provides
travel time output data and the normal operator displays the outputs. In addition, the log

file contains the following information for the matching performance analysis. the unique
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track identification (ID) number for each vehicle in both the origin and destination
images, the frame number for both the origin and destination image files for the vehicle
and its match; and the lane number for both the origin and destination image files for the
vehicle and its match. The image files for both the origin and destination are then
"browsed" with a second software tool which overlays the track ID number on each
tracked vehicle's image. These vehicle images are then checked against the track 1D
numbers for the origin/destination matches listed in the log files. The matches can be
manualy checked to determine whether the destination vehicle has been correctly
matched with the origin vehicle.

The travel time analysis for the two video segments considered each lane
separately. Mobilizer tracks all lane changes and does not include matches for any
vehicles that have changed lanes between the origin and destination locations. The
system derives a 'pure” travel time for each individua lane to allow a comparison of
travel times between the various lanes. If the Mobilizer did not consider each lane
independently, a vehicle that spent part of its travel time in the HOV lane, for instance,

and then part of its travel time in the center lane would confuse the data for both of the
lanes.

Another reason for analyzing one lane at atime for this segment of video
with the Mobilizer was due to the large variability of travel timesat the beginning of the
video segment. All threelanes were running a widely varying travel times and the travel
times within each lane changed rapidly at the beginning of the segment. The isolation of
each lane provided the Mobilizer with start up conditions closer to a steady state.

To begin the travel time estimation process the Mobilizer must derive an
initial starting condition for the travel time for each lane at start up. It assumes a Steady
state and similar flows in each lane for the initia travel time estimation process. Steady

state refers to conditions with al vehicles traveling at a constant speed. There is no
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stopping and re-starting in any lanes during steady state conditions and differences in
vehicle acceleration and deceleration are minute. A steady state start up provides severd
minutes of free flowing data during the initiaization process. During steady state
conditionsthe Mobilizer can most effectively begin processing data and can establish the
vehicle dynamics before the flow becomes discontinuous. The steady state must last at
least as long as it takesfor the first vehiclesin each lane to travel between the origin and
destination. After the system finds the first vehicle match for each lane it can begin to
correct theinitial estimates, converging on the correct travel time. If theinitia conditions
are very close to a steady state, the convergence happens quickly. When the initial
estimates are far from correct, the estimation process takes a long time to find enough
matches to converge; potentialy taking longer to converge than the digitized video
segment under analysis.  Once the system converges, it constantly updates the vehicle
dynamicshby using previoudly collected information about the road dynamics.

Due to long convergence times in the segment studied, the start-up error
was optimized by analyzing each lane individually. The Mobilizer has not been designed
to analyze the travel times of short congested scenes but was designed to operate in red
time over long periods of time. Instead of waiting for the Mobilizer to converge on its
own, it was found to be more efficient to modify the implementation of the setup
parameters within the link time estimation process. Due to the proprietary nature of the
Mobilizer, specific parameter descriptions cannot be disclosed. However, the parameter
modification gave more flexibility in analyzing the short segments of congested video
and did not affect any other system operations(19).

STATISTICAL APPROACH

Reliability of travel time estimatesis relative to sample size, the sample's

population variance, the statistical confidence level desired, and the error alowed within
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the sample (1). A simple random sampling formula was used to test the accuracy of the
travel times estimated by the Mobilizer. The formula assumes a normal distribution
within the sample size of a known population: the 100% sample obtained from the
manually matched video data. The standard deviation of the known, true populationwas
calculated and used to determine reliable estimates of the error within the Mobilizer
samples and the accuracy of the travel time data. The Mobilizer was tested for a 95%
level of confidencewith the following formula (20):

Zz

2
N = (S E] [Equation 1]
Where:
N = samplesize needed for the given level of confidence,
s = standard deviation from the tested sample,
Z = test statistic constant correspondingto the given level of confidence
(z=1.96 for a 95% leve of confidence),

e =permissibleerror (precision) of the estimate of the true mean.

Additional descriptionsof the statistical approach and hypothesistesting have been
described in detail within the analysis of theresults.



CHAPTER 4: RESULTS

The primary objectives of the study were to examine the accuracy of the
Mobilizer for travel time collection as well as to compare the travel times of vehicles in
the HOV lane with the general purpose lanes between 130" and 145" streets. The data
extracted in this study were subjected to two separate analyses. an examination of the
accuracy of the Mobilizer in matching the travel timesfor the various lanesand a genera
comparison of the travel times for the three separate lanes. The statistical validity of the
travel time estimates resulting from the Mobilizer analysis was examined by comparing
the true population results obtained manualy with the Mobilizer analysis of the 15
minutesof traffic observed between 5:18 p.m. and 5:33 p.m.

Three distinct data samples were collected to evaluate the accuracy of the
Mobilizer (see Figure 6). The first sample set consists of the true population. The true
population travel times were determined by comparing the video segments and manualy
matching al the vehicles within the camera FOV at the origin and destinations. The
second set of data are the origina Mobilizer sample matches. The Mobilizer data
contains both "correct” matches and reasonable matches and are the entire sample
produced by the video tracking device. The fina set of datais a subset of the Mobilizer
output: the " correct” matches (again, obtained manually from the video) in the entire
batch of Mobilizer matches. The “correct” Mobilizer matches are matches with the
identical vehicle within the FOV at the origin and the destination. Excluded from the
"correct" match sample are the Mobilizer matches with reasonable travel times but that
meatch the origin vehicle with the vehicle preceding or following the match-vehicleat the
destination FOV.

The accuracy of the Mobilizer depends upon two assumptions being true:
first, that the mean of all the Mobilizer matches are a valid representation of the mean



travel time of the true population; and second, that the mean travel time of the Mobilizer
matches are representative of the "correct” Mobilizer match population. For the
Moabilizer to be reliable, it is necessary that the Mobilizer data be consistent with the
correct-match population. Mobilizer accuracy is based upon the correct Mobilizer
matches being a viable subset of al the Mobilizer matchesand the Mobilizer matches, in
turn, being areliablesubset of the true population. Two steps were used to determine the
accuracy of Mobilizer-collected travel times. Thefirst step involved determining whether
the overall Mobilizer results mirror the true population travel times. The second step
determined the accuracy of the overall Mobilizer match results by comparing them with

the subset of "' correct” Mobilizer match results.

Mobilizer Matches

"Correct" Mobilizer
Matches

Figure6: Sample Groups
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The first assumptionfocuseson showing that the Mobilizer matchesare an
accurate, unbiased subset of the true population. The travel time values of the two
populations (Mobilizer and true population) were compared statistically to determine
whether the Mobilizer can be used to determine travel time estimatesin lieu of having to
collect an entire population sample. Table 2 compares the sample sizes of the true
population with the Mobilizer travel time sample size. In al, Mobilizer "matched" 278
of the 1159 vehicles within the true population. The Mobilizer is unable to match lane-
changing vehicles. The fifty vehiclesthat moved from the right lane to the middle lane
(and vice versa) were not included within the true populations of the right and middle
lanes to eliminate counting their travel timestwice. However, the vehiclesthat do move
between the middle and right lanes are represented in the total genera purpose (GP) lane
heading. The GP lanes are the combination of the middle and right lane travel times plus

the travel times of the vehicleschanging lanes between the middle and right lane.

Table2 : Comparison of the True Population with the Mobilizer

Right Lane | Middle Lane GP Lanes HOV Lane
(Right and Middle)

True Population 328 370 748 411
# of VehiclesMatched 55 121 176 102
by Mobilizer

To determinea 95% confidenceleve in the Mobilizer correct matches, the
following statistical equation was used:




2
z
—e-J {Equation 1}
Where:

N = sample size needed for the given level of confidence,

s = Standard deviation from the tested sample,

z = test statistic constant correspondingto the givenlevel of @ dae
(z=1.96 for a 9% leve of confidence),

e= permissibleerror @recision)of the estimate of the true mean.

A significant test of the true population and Mobilizer dataisthe statistical
vdidity of the travel time estimates from their respective analyses. The results of the
mean travel times for the fifteen minute period from both the true population and the
Mobilizer analysis are summarized in Table 3. Presented are the mean travel times,
respective standard deviations, sample sizes, test statistics, p-values, and an estimation of
error (based on a 95% confidence level), and the sample size necessary for a 95% level of
confidence with an allowable error of 2 seconds in the HOV lane and 5 seconds in the
remaining lanes associated with each sample. The mean travel times and standard
deviations given in Table 3 under the true population heading are derived from a very
large sample of observations that congtitute the mgjority of the total population of
vehicles travelling between 130" and 145" streets during the period of observation.
Therefore, the statistics may be taken as a reasonable, unbiased estimate of the true

population that can be used to compare the equivaent estimates provided by the
Mobilizer.
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Table 3 : Comparison of True Population and Mobilizer Statistics

~ True'Population Mobihizer
ight " [Middle |GP HCV Right ~[Miadle |GP HOV

Mean Travel Time (sec) 11607 128.98| 722.76{ 72.03 118.07] 128.10} 124.97| /2.
Standard Deviation (sec) 15.1 21.25] ~19.74] 977 17.28 24.87] 23.15] 3.84
Sample Size 328 370 748] 4711 59 121 176 1
est statistic, z 0.98] 046|148 058

-values ' 033 085 074 0.
At a 85% Confidence Level (z=1.9
Error (sec) 17457 4.42 3.4z 075
Sample Size* 95 83 15

sample sizes based on an allowable error of 2 seconds for the HOV lane,

and an anowable error of 5 seconds for the Right, Middle, and GP lanes.

The data in Table 3 show that the Mobilizer mean travel times are nearly
identical to the mean travel times of the true population. For example, the mean travel
time of the HOV lane Mobilizer matches was 72.59 seconds while the mean travel time
from the HOV lane true population was 72.03 seconds; a difference of 0.56 seconds.
Considering the travel time is approximately 72 seconds, half of a second is negligible.
In the two general purpose lanes the Mobilizer mean travel time is 124.97 and the true
population travel time is 122.76; again, for a 120 second travel time 2 seconds are
inconsequential. The mean travel times of the true population and the Mohilizer sample
have an average difference of 1.45 seconds. The smallest mean difference in the
calculated means of the Mobilizer and true population was 0.59 seconds (in the HOV

lane) and the largest difference in the means was 2.21 seconds (both general purpose
lanes).

P-values, sometimes referred to as observed significance levels, illustrate
the probability of observingavalue of the test statistic*'that is at least as contradictory to
the null hypothesis, and supportive of the aternative hypothesis® (20). The null
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hypothesis will be rejected only when the p-value is less than the chosen significance
level, a. The p-values within Table 3 are all greater than 0.05, showing the Mobilizer
meantravel times are not significantly different from the means of the true populationfor
all of the lanes studied. P-values are determined by first calculating atest statistic, z (see
Equation 2). The p-vaue is then determined from the normal distribution curve and is
directly associated with the computed test statistic, z (see Figure 7).

a/\n [Equation 2]
Where:

Z=test statistic,

'f/ = mean of the sample,

u = true popul ation mean,

a= standard deviation of the true population,

n=samplesize.

Figure7. Normal Digtribution Curve— p-valueand z relationship
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To further demonstratethe accuracy of the Mobilizer travel time datathe
error associated with the Mobilizer sample has been determined at a 95% leve of
confidence. At a 95% level of confidence there is a 95% certainty in the Mobilizer
estimation of the true travel time. A five second or less error at 95% confidence assures
the use of the Mohilizer to be a reasonable tool for travel time collection. The largest
error, 457 seconds, of the Mobilizer matches occurred within the analysis of the right
lane (Table 3). Therefore, at a 95% level of confidence, the error is agpproximately 5
seconds. Five seconds of error correspond to 4% of the 118 second mean travel time, a
negligible amount. Statisticaly the Mobilizer analysis of the video-taped vehicles
produce accurate and precise estimates of the mean travel times.

The necessary sample sizes of Mobilizer matches were calculated to
determine whether or not the match rate of the Mobilizer was adequate for determining
the true travel times at a 95% level of confidence. Equation 1 was used with the standard
deviation from the Mobilizer sasmple along with a z of 1.96 for a95% co  dence levd.
The error, e, used was 5 seconds for the middle, right, and general purpose lanes. An
error of 2 seconds was used for the HOV lane. For dl cases, the sample size of the
Mobilizer exceeded the sample size necessary to have a 95 % confidencethat the average
travel time was within an acceptable proximity to the true average travel time. For
example, the sample size required for 95% confidence level and 5 seconds alowable
error for the right lane results was 46; the actual sample size of 55 matches exceeded the
necessary 46 matches. 95 % confidence and 2 seconds of allowable error required 15
matchesin the HOV lane, a great deal fewer than the 102 matched HOV lane vehicles.

After concluding that the Mobilizer sample results are consistent with the
true population, it was necessary to establish that the Mobilizer results themselves are
consistent with the subset of "*correct” Mobilizer match data. All of the matches that the
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Mobilizer reports are not "correct” matches. "Correct” matches consist of the same
vehicle being identified by the Mobilizer a both the origin and the destination.
Oftentimesthe Mobilizer will match avehicleat one location with the vehicle preceding
or following the ""correct” match vehicle. However, even when the Mobilizer does not
"correctly” match a vehicle, the travel times gathered are still consistent with the travel
times of the traffic stream. Additionally,the Mobilizer needsall of the matchesto update
the road dynamics. Table 4 compares the Mobilizer travel time population with the
"correct” Mobilizer match population. There were 19, 26, and 39 correct Mobilizer
matches out of the right, middle, and HOV lanes, respectively. In all, Mobilizer
“correctly” matched 84 of the 278 vehiclesin the total Mobilizer match sample.

Table4 : Population Comparison Between Mobilizer and "' Correct' Mobilizer Matches

Right Lane | MiddleLane | HOV Lane

All Mobilizer Matches 55 121 102

"Correct' Mobilizer Matches 19 26 39

The second assumption to be proven was that the mean travel times of the
Mobilizer matches are representative of the "correct” Mobilizer match population. The
Mohilizer data provides an overview of the travel times of the traffic stream. It would be
both time-consuming and impractical to rely only upon the " correct™ Mobilizer matches.
The identificationprocess of the "' correct” matches within the Mobilizer results requires
extensive manpower and produces small sample sizes. Therefore, it iS necessary to
identify whether or not the " correct™ matches provide the same mean results as the entire

Mobilizer sample.



To determine that the "correct” Mobilizer matches themselves were
accurate, the " correctly™ matched vehicles were compared with the same vehicles within
the true population. Appendix A compares the Mobilizer vehicle travel times with the
identical vehicles within the true population. If travel times computed by the Mobilizer
for "correct match vehicles differed greatly from the travel times of identical vehicles
within the true population, the accuracy of the Mobilizer would be questionable.
However, as shown in Appendix A, the travel times of "correct” Mobilizer match
vehicles are nearly identical to the travel times of their counterparts within the true
population.

As in the comparison of the true population to the Mobilizer sample, the
mean travel times, standard deviations, test statistics, p-vaues, errors, and necessary
sample sizes were calculated and are presented in Table 5. Again, the mean travel times
of the "correct™ matches were nearly identical to the mean travel times of the Mobilizer
sample. The HOV lane " correct™ match mean travel time was 72.63 seconds. The HOV
lane Mobilizer mean travel time was 72.59 seconds.

Table 5 : "Correct" vs. Mobilizer Match Sample Sizesand Errors

All Mobilizer Matches "Correct” Mobilizer Matches
Right [Middle [HOV, Right Middle ROV

mean fravel time (sec) T18.G7| 128.101 72.59 T18.97] 12819 72.63]
sid. dev.,s 1728 24387 3.84 1492 20.0 37
sample size, n 55 127 102 E) 28 3
test statistic, z 0.21 0.02 0.0
p-values ‘ 0.83 0.9 0.94
At a §5% Canfidence Level (z=1.96)
LError e (s&c) 8.71 il 1.1
Sample Size” 3421 61.83 13.6

sample size based on an aflowable error of 2 seconds for the HOV lane,

and an allowable error 5 seconds for the Right, Middie, and GP lanes.
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The HOV lane Mobilizer matches experiencethe smallest amount of error in
travel time due to the lack of stop-and-go traffic within the HOV lane. At a 95%
confidence level, the HOV lane error is 2 secondsor less during the period of evaluation.
The greatest error occurred in the middle lane and was only 7.71 seconds. Compared to
the mean travel time of 128.19 seconds in the middle lane the error representsan error of
6%. The higher errors are consistent with the need for larger sample sizes than were
available for a 95% confidence level with an allowable error of 5 and 2 seconds for the
generd purpose lanes and the HOV lane, respectively. However, the p-values show high
confidence in the "correct” Mobilizer match travel times, but a larger sample size of

""correct" matches would be desirable and would possibly reduce the amount of error at
the 95 % level of confidence.
The HOV Lane

The second portion of the analysisfocuses on a comparison of the travel
times for the three separate lanes. The general comparison of travel times within the
three lanes will focus on the performance differences between the HOV lane and the
genera purpose lanes. The statistical data of the true population are shown in Table 11
for the fifteen minute period studied:

Table6 : True Population Comparison Statistics

rue Population Al3Tanes] HOV Middle Right GP
ean (sec) 104.44 72.03 12889 116.G7 122.76
ean mpeed (mph) 21.594 31.24 17.44 19.38 18
td. Var. [sec) 29.22 9.77 21.24 1517 19.
inimum 54 86 ) 86
aximum 1 L] 167 153 167
ampie Size 12 411 37 328 748
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Figures 8, 9, and 10 graphically demonstrate the variations in vehicle
travel times. TheHOV lane, as expected, has the best performance. The mean HOV lane
travel times are 70% lower than the mean of the adjacent genera purpose lanes.

TThor " TToe 100 = 70.43%

HOV

According to the Puget Sound Regional Council, the average trip length
from work to home in the Puget Sound region is ten miles long (21). Usng this
assumption and rounding the HOV lane and GP lanes average speedsto 30 mph and 20
mph, respectively, the caculated travel time savings for the HOV lane users is 10

minutes. A ten minute travel time savings for a 10 mile trip fits the recommendationsof
Fuhs.
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HOV Lane:
10 miles@ 30 mph = 20 minute travel time
Genera Purpose Lanes:

10 miles@ 20 mph =30 minutetravel time

However, comparing the travel times of this particular section to the
Washington State Department of Transportation (WSDOT) policy, the HOV lane is not
achieving speeds of 45 mph or morefor at least 90% of the peak hour (18). The results
obtained by converting average travel time between origin and destination to average
speed are illustrated by Figure 11. None of the vehicles, let aone. 90%, achieve the 45
mph goa set by the WSDOT policy. Although thisis a particularly short segment of the
entire HOV system, the speedsalong it are consistent with the speeds along the rest of the
facility during the afternoon pesk period.

Although the WSDOT policy is not being met, the travel time savings are
consistent with, and even exceed Fuhs' recommendation. It may not be feasible for the
HOV lanes to reach speeds in excess of 45 mph during peak periods. Policy statements
could better focus on travel time savings to HOV users. Another policy option would be
to establish comparisons of speed within each lane by percentage rather than a constant
45 mph. Itisvery unlikely that speedsover 45 mph will be reached on Interstate 5 during
the peak period travel times.
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CHAPTER 5. CONCLUSIONS AND RECOMMENDATIONS

CONCLUSIONS

A two part study was undertaken for the travel time data of vehicles using
Interstate 5 between 130” and 145" streets in Seattle, Washington. The first part of the
study evaluated the accuracy of travel times collected and reported by the Mobilizer. The

second part of the study focused on the travel times of the HOV lane compared to the
generd purposelanes.

The travel time accuracy of the Mobilizer was determined at a 95% level
of confidence by first comparing the entire sample of Mobilizer matches with the true
population. The Mobilizer reported mean travel times with accuracy within 1 second for
the HOV lane. Within the general purpose lanes the Mobilizer is able to collect mean
travel timedatathat differs from the true population mean travel time by amere 4%. The

Mobhilizer dataclosely matches the datacollected from the true population.

The travel time accuracy of the Mobilizer was investigated further by
comparing the entire Mobilizer results with the subset of the™ correct™ Mobilizer matches.
Although not all of the matches produced by the Mobilizer are matches of identical
vehicles, dl of the matches involve vehicles travelling within the vicinity of the correct
match vehicle. The Mobilizer matchesall have travel timesthat are similar to the vehicle
dynamics within thetr ¢ stream. One of the goas was to determine if the Mobilizer
matches were a good representation of the "correct" matches. The correct matches

reported travel times with accuracy within 2 seconds of the entire Mobilizer sample for



the HOV lane. Withinthe general purpose lanes the correct match travel timedatadiffers
from the Mobilizer mean travel time by 6%. The Mobilizer data is statistically accurate
to the correct matches.

By establishing the statistical accuracy of the Mobilizer with the true
population and the correct matches with the Mobilizer matches, the accuracy of the
Mobilizer for travel time data has been verified.

The second part of the study focused on the comparison of the travel times
of vehicles within the HOV lane with the travel times within the general purpose lanes.
On average, the HOV lane is moving approximately 10 mph faster than the genera
purposelanes. A lane speed difference of 10 mph correspondsto 70% faster travel times
in the HOV lane for the segment during peak period afternoon travel. While the HOV
lane is not fulfilling the WSDOT HOV lane policy, the HOV lane is fulfilling other
criteria. The HOV lane is providing, on average, 10 minute travel time savings to the
users of the HOV lane. According to Charles Fuhs, the HOV lane is fulfilling its
purpose.

RECOMMENDATIONS

The results in the previous chapter illustrate the usefulness of the
Mobilizer technology for determining travel times. However, there is till a need for
further testing in many situations where the Mobilizer could be used. The Mobilizer
could be further tested and evaluated for the following: system modifications, varying
flow conditions, origin-destination studies, designated AGC region, and usage in
inclement conditions.

System modifications could be made on the Mobilizer to include more

input parameters useful for research purposes. Implementation of setup parameters for
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the link time estimation process for non-real-time Mobilizer usage could give more
flexibility in short video segment analysis. Suggested parameter changes include
changing the start up setup to alow different initia travel times to be entered for each
lane. Theentry of initial travel times uniqueto each lane would allow the Mobilizer to be
started and used in a greater variety of flow conditions.

The Mobilizer should further be tested to determine data accuracy in a
variety of flow conditions—from free flow to start and stop conditions. A longer video
segment that beginsat a steady state and deterioratesinto start and stop conditions would
demonstrate the full range of Mobilizer capabilities. Such a study would be best
approached with a computer designated to the Mobilizer study to ensure memory
capacity to store the digitized video files and to run the Mobilizer. A 10 gigabyte hard
drive designated to the Mobilizer would eliminate file transfers between computers and

could hold an hour of video beginning with free flow conditions and progressing to start
and stop conditions.

Further studies of the Mobilizer could include origin-destination studies.
The Mobilizer isable to provide accurate travel timesby vehicle matching. However, the
Mobilizer travel times are sometimes calculated from a match vehicle and the vehicle
either preceding or following the match-vehicle. ™ Correct” matches are absolutely
essential for reliable origin-destination studies. Further testing could be done to show

whether or not origin-destination data could be another application of the Mobilizer
technology.

A designated AGC region is recommended to either be established or
found naturaly at the Mobilizer sites. AGC regions compensate for shadows and
eliminate mis-matching due to the presence of distinct shadows on the roadway. If a
natural AGC region cannot be found adjacent to the roadway, temporary AGC regions

needto beinstalled to ensurethat some small portion within the cameras field of view is



free from both vehicles and their shadows. ldeal ACG regions would consist of signs
tilted dightly upward, extending above the highest vehicle.

Additionally, testing of the Mobilizer in inclement weather conditions,
such as heavy rain or fog, as well as transitional lighting occurring at dawn and dusk,

would develop a greater certainty of the adaptability and usefulness of the Mobilizer
technology.

Finaly, as for HOV lane usage, the WSDOT policy could be re-evauated
and rewrittento focus on travel time savings within the HOV lane rather than requiring a
set speed that may not be achievable during pesk period travel times.
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APPENDIX A: MOBILIZERMATCH ACCURACY

The Mobilizer matchesinclude vehicles that are* correct' matchesas well
as matches that are close to the correct vehicle match but that match the car preceding or
following the correct match vehicle. Though the matches are not all *correct,” al of the
Mobilizer matches are providing travel times close to the true travel times of the traffic
stream under study. “Incorrect” Mobilizer matches are unavoidable and can be ignored

because although the vehicle matches are incorrect, the travel times are close to the

correct travel times.

However, to verify that the Mobilizer matches do indeed closely mirror the
matches within the true population at a 95% level of confidence; the following section
compares the " correct™ Mobilizer vehicle matches with the matches of the same vehicles
within the true population. Table 7 compares the " correct” match population with the
identical vehicle matches within the true population. Included in the comparison are
values of the mean travel times, standard deviations, minimum and maximum observed
travel times, and error estimates based upon a 95% confidence level. The mean travel
times calculated by the Mabilizer were nearly identica to the mean travel times of the
true population matches for the same vehicles. The errors estimated show negligible

travel time error at a 95% confidence level. The middle lane demonstrated the greatest



error, 7.71 seconds. 7.71 seconds, compared to a mean travel time in the middle lane of

127.94 seconds isonly a6% error.

Table 7: Comparison of "Correct” Matches with True Matches

"Correct” Mobilizer Matches True Population Matches

Right Middle HOV Right Middie HOV
ean 117.80]  127.534 72.63 T17.32 129.64 72.82
andard Dewation 14921 2006 3.07 14.54 20.08 3.
inimum 100.2 T102.5 64.7 ~ 99 U2
aximuam 1447 162. — 815 144 1 86
ount 1 - 26 39 KETEE 26 - 38
ITOr, € (SEC) “B.71 7.71 118

Tables 8, 9, and 10 have broken down the Mobilizer statistical data into
five minute spans within the fifteen minutes of collected data for each of the three lanes
studied. The five minute segments are studied to show the Mobilizer results with smaller
ranges of travel times. Smaller spreads of travel time help to establish at which speeds
breakdown of the Mobilizer occurs. These tables compare the correctly matched
Mobilizer travel times with the corresponding true population travel times. Tables8 and
9 illustrate the break down that occurs in the Mobilizer results during periods of high
travel times resulting from stop and go traffic. The periods of high travel times correlate
with the higher statistical standard deviations. Figures 12, 13, and 14 plot the travel times
of the true population and the Mobilizer travel times collected for each of the three lanes:
right, middle, and HOV, respectively. Again, with the error terms based on a 95% level
of confidence, the largest errors are occumng during the intervals with the highest travel
times. When speeds are in excess of 120 mph in the middle lane and 130 mph in the right

lane the Mobilizer results show greater travel time errors.
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Table8: Right Lane Mobilizer vs. Match Statisticsin 5 min. periods

ightCane "Correct” Mobilizer Matches True Population Matches
FOU2E50 129.00-33.00 1a4.00-38.09 —|2A 002850 [2900-3355 34 00-J85Y
ean (ravel 1ime 110.75 107.7 131.80 170.69 107.21 13271
Standard Deviation ) 9.14 11.77 4.85 65.47 12.36
ampte Size 4 T 4 8 7
rror, e (sec) 579 B5.33 872

Table9: Middle Lane-- Mobilizer vs. Match Statisticsin 5 min. periods

Middle Lane "Correct” Mobilizer Matches True Population Maiches
24:00-28:59  [29:00-33:59  |34:00-38:59 | - |24:00-28:56  |29:00-33:59  |34:00-38:59
ean Travel Time 1433 108, 149733 142751 10588 T50.83
Standard Dewviation 13 532 0.587 1367 . 5.3 166
arple Size 13 10 13 3
ITor, @ (Sec) 8.34 2.89 0.65

Table10: HOV Lane Mobilizer vs. Match Statistics

VT1ane "Caorrect” Mobilizer Matches True Populafion Maiches
- 24:00-26:59  |29:00-33:59  [34:00-38:59 24:00-28:59  |20:00-33:59  |34:00-38:59
ean Travel lime 70, 7£.18 75.38 70.48 71.94 77.00]
standard Uewviation 2.93 207 3.94 3.50 177 2.36
ample Size 14 8 14 17 B
rar, e {3ec) 1. .98 2.45

Further study is needed to determine whether the high errors are associated
to the dower travel times or some other factor. The small sample sizes hinder the
effectiveness of determining whether there truly is a breakdown at these dower speeds.
However, the inverse is also true. If the Mobilizer cannot get enough "looks" at the
vehicles within the track then it is harder to develop specific fingerprintsfor each vehicle.

There must be an optimum ranger of speeds between steady state and stop and go where
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the Mobilizer can get enough *'looks* but not experience the breakdown that resultsfrom

stop and go traffic conditions.
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APPENDIX B: TRUE POPULATION DATA

130th 145th Vehicle Description
tirne iane time lane S travel time
{min;sec) (min;sec) ) } . (sec)
23:56 3 25:42 3|Black passenger 107
23:56 2 26112 2|Black passenger 137
23:57 2 26:14 2|White passenger 138
23:58 1 25.06 1|Blue passenger 69
23:58 3 25:44 ‘ 3|Purple passenger 167
23:58 1 25.07 1|motorcycle : 70
2400 3 2545 3{Maroon sedan 106
24:00 1 2508 1|Gray passenger 69
24:00 2 26:17 2|Jeep 138
24:01 2 26:18 2{Black SUV 138
24:01 3 25:46 ‘3lgray van 106
24:02 1 2510 1|gray sedan ‘ 69
24:02 3 25:48 3lBlack sedan 107
24:03 2 26:21 21red pickup 139
24:03 1 25:11 1]|Blue wi sunroof - 69
24:.04 3 25.50 3| black pickup 107
24:.05 2 26:26 2|white sedan 142
24:05 1 25.14 1|Black SUV 70
24:06 2 26:28 2]white pickup 143
24:06 1 2515 1|Biue passenger 70
24:07 2 26:30 2|blue pickup (bedcover) ' 144
24:10 1 25:17 1|blue wagen 68
24:10 2 26:34 2]white pickup 145
24:12 2 25:36 2|light purple sedan | 145
2411 3 25:57 3|black sedan 107
24:12 1 25:19 1|Maroon pass. 68
2412 3 25:58 3|Black pass. wisunroof | 107
24:13 z 26:39 2|Gray passenger 147
24:14 1 2521 1|White passenger &8
24:15 2 26:42 2{truck and canopy ‘ 148
24:15 3 26:00 3| Black passenger 106

Note: Actual Travel times are one second more than the difference between the time the
vehicle was seen at the origin and the time the vehicle was seen at the destination
due to camera start time difference of one second.



130th |145th IVehicle Description

time lane Itime lane | ' travel time

{min:sec) | (min:sec) (sec)
24:16 1] 25:22| 1|motorcycle 687
24:16 2] 26:47| 2|white w/ sunroof 152
24:16 3| 26:02] 3lblue hatchback 107
2418 3] 26:03] 3|red cherokee 3 106
2418 20 26:51] 2ired sedan | 154
24:18 17 25:251 1|silver SUV i 68
24:19) 21 26:53! 2!white truck/canopy 1 155
24:20| 3] 26:.05| 3|Black pass. wisunroof | 106
24:20| 11, 25271 1|Red SUV | 68
24:21| 3] 26:08| 3lred pass. L 106
24:21) 21 26:56] 2!Black pass. ! 156
24:21| 11 2529/ 1!blue sedan | 69
24:22! 20 26:59] 2|White passenger i 158|
24:23| 31 25561 4|White delivery truck | 94
24:241 1 25:31;  1'black truck/canopy ! 68
24:24] 3 26:08!  3ired hatchback | 105
24:24] 2, 27:.02] 2isilver truck/canopy 1 159
2426/ 1 25:351  1ired minivan i 70
24:26/ 2 27:051 2!gray pass w/ sunroof - 160
2426, 3] 26:10] 3iWhite passenger ; 105
24:27! 2 2710, 2 black pass w/ sunroof | 164
2427 1 25:36  1,gray pass. i 70
24:28; 3 26:00) 5, big white car (time est) | 93
24:29i 2' 2714 2!White SUV ‘1 166
24:30/ 3 26:16!  3.Tan sedan w/ sunroof | 107
24:301 1 2538 1iBlack pass. wisunroof | 69
24301 2! 27:031  3iWhite jeep wi tire | 154
24:31| 1° 25:39] 1lgray sedan | 691 -
24:32 37 26:19]  3itanker truck l 108
24:331 11 25:41! 1!Blue passenger E 69
24:34] 3 36:08.  5:red truck/canopy (est) 93}
24:35i 1 25431 1iblack van | 69
24:35] 2. 2716, 2!black convertible ' 162
24:36; 1 25431  1White passenger 68
24:37: 3 26:231  3imaroon sporty 107
24:38/ 1. 25:45)  1lblack van \ 68
24:38! 20 27:201  2!black pickup § 163
24:38| 3l 26:25] 3|black station wagon | 108
24:40! 3, 26:27] 3iBlue passenger l 108
24:40i 17 25:47] 1imotorcycle E 68

24:40! 2 27:22] 2,white/orange van \ 163

24:41, 1 25:48] 1lred pickup \ 68
24:41; 3] 26:27! 4|White passenger | 107




130th 145th Vehicle Description

time lane time lane travel time

{min:sec) (min:sec) (sec)
24:42 1 25:49|  1jblack pass. 68
24:42 3 26:26]  3|black truck/canopy 108
24:43 31 26:32] 3|red convertible 110
24:43 11 25:51 1 |White van with ladder 69
24:44 3! 26:34 3|White van with ladder 111
24:44 1] 25:52] 1|metorcycle \ 69
24:44 20 27.25] 2|red pickup w/ canopy | 162
24:45 3] 26:38] 3|White passenger “. 114
24:45 1| . 25:53] 1|maroon SUV i 69
24:45 21 27.27] 2ired pickup w/tan canopy | 163
24:48 2 27:29| 2|dark blue passenger i 164
24:47 3| 26:43]  3|Black passenger 117
24:48| 1i  25:55] 1|silver minivan 68
24:48} 3] 27:.311 2[Black passenger 164
24:49] 27 27:35] 2 white van 167
24:49| 1 25:58]  1|Black passenger ‘\ 70
24:49! | 26.55] 4|Black passenger i 127
24:50I 2 27:36:  2|light brown pickup i 167
24:51! 11 26:00{ 1jred pass. i 70
24:51 3|  26:47] 3|oranger/brown van ll 117
24:53| 3] 26521 3|white wagon ! 120
24:531 A 26:011  1!black SUV 69
24:55 1i 26:03) 1:white pass. w/ sunroof 69
24:55| 2! 27:381  2!white van 164
24.56: 1 26:05!  1iblue gray pass. 70
24:57' 3] 27:21 3lwhite pass. w/ sunroof . 145
24:57! | 27411 2iPU wiyeliow box ! 165
24:59| 2] . 27:12!  3|Lt Brown pass. | 134
24:59] 3| 26:56] 3|white pass. w/ sunroof | 118
25:001 1 26:101  1|black SUV ‘ 71
25:01; 5 27-43; 2 Black pass. wisunroof | 163
25.01) 3 27:04 4{Maroon pass. | 124
25.02 11 26:111  1iblack SUV | 70
25:02! 2] 27:431 2|white convertible i 162
25:03] 3l 27:.070  1lwhite van | 125
25:03! 1. - 26141 1|white pass. w/ sunroof | 72
25:04, 2 27:46) 2'bronze pass. | 163
25:04] 3] 26:59] 3|blue SUV l 118
25:06] 20 27:48) 2/maroon wagon l 163
25.06; 17 26:15, 1 white SUV | 70
25.07 3| 27:07!  3|blue convertible T 121
25.07/ 21 27:51] 2|silver SUV 1 165
25:08! 20 27:531 2|blue pass. Wisunroof | 166




130th | {145th IVehicle Description |

time llane ltime lane | ' travel time

(min:sec) | | (min:sec) (sec)
25:08! 1 26:18l 1|white minivan 71
25:09i 3l 27:10|  3|Black pass. w/sunroof 122
25:101 1 26:20| 1!white pass. Brown roof 71
25:101 2) 27:56 Ired pass. ‘ 167
25:11. 1 26:21| 1|gray minivan 71
25:13! 2 27:50|  2lwhite pass. 158
25:13: 1] 26:23] 1;white pass. \ 71
25:13| 3 27:16] 3iwhite van 124
25:14/ 11 26:24|  1|brown pass. 71
2514 2] 27:58] 2igray PU | 165
2515 11 26:26] 1|marcon SUV \ 72
25:16i | 28:00] 3ired pass. W/sunroof ! 165
2517 31 27211 3|black truck w/pipe | 125
25:181 11 26:301 1iblack suv ! 73
25:18: 2. 2800/ 2iredpu i 163
25:18! 3l 26:57]  S5iyellow bug ! 100
25:19) . 26:32] 1iblack pass. | 74
25:20: 17 26:33]  1lsilverpu ! 74
25:21. 20 28:02) 2!black jeep i 162
2522 11 26:36 1iblack pu L .75
25:23: 31 27:231 3ired van wipipes § 121
25:23. 21 28:05; 2!black pu wiwhite canopy . 163
25:24 11 26371  1ilt Biue suv 74
25:25: 3 2717 3|white pass. w/ sunroof | 113
25:25 2] 28:07' 2!white pu w/canopy | 163
25261 1] 26:38] 1iblack pu i 73
25:28 7T 26:40] 1 white pass. % 73
25:28! 3] 27:28] 3ibig moving truck l 121
25:30 1 26:42]1 - 1red suv i 73
25:32 2 28110/ 2'blue sedan i 159
25:32 17 26:43] 1red pass. i 72
2533, 37 27311 3;white pass. w/ sunroof 1 118
25.34. 17 26:451 1iblack sedan | 72
25:36i 1] 26:47] - 1'white pass 1 72
25.37 3|  27:34) 3iwhite black suv ] 118
25:38 21 28:12! 2!black suv 1 155
25:39 1 26:50| 1iwhite pass. | 72
25:39 3 27371 3Imaroon pass. 1 119
25:41 3] 27:40] 3lblack pass. I 120
25:41 1| 26:52! 1l blue pass. | 72
25:42! 2| 28:15| 2! black pass. | 154
25:43, 3] 27:410  3|dark gray pass. ] 119
25:44. 1] 26:54] 1.white pass. w/ sunroof | 71




130th 145th. Vehicle Description

tme  lane time lane travel time

(min:sec) (min:sec) {sec)
25:44 2 28:17| 2|maroon pass. 154
25:45 3 27:43]  3|white van 119
25.47 2 28:19| 2|black pass. 153
2549 3 27:48; 3|blue wagon I 120
25:49 2| 28:21] 2|bluepu | 153
25:49 3i 27:49, 3|white suv 121
25:50 1] 26:56] 1|gray sedan w/ sunrocf 67
25:51 2! 28:21| 2|white pass. g 151
25:52 3] 27:53] 3|redpu ! 122
25:54 27 28:25| 2|maroon el camino | 152
25:54 31 27:56! 3|gray sedan ! 123
25.55] 3 28:02]  3|white suv ! 128
25.56 2l 28:27! 2|red pass. i 162
25:57 3l 27:45 3isilver sedan i 109
25:59! 1 27:00/  1|black pass. i 62
25:59| 3 28:04] 3 black w/ ladder 1 126
26:001 21 2829] 2|black pu | 150
26:00! 17 27.01] 1 blue pass. Wisunroof 62
26:011 3i  28:08] 3iblack pass. : 128
26:02| 1t 27:.031  1|white suv } 62
26:02| 21 28:311 2lmaroon chevy truck ‘1 150
26.04! : 28:071 3|blue pass. Wisunroof - 124
26:05i 3 28:09¢  3|red pass. 1 125
2605/ 2 28:34.  2!silver black van ; 1580
26.071 ! 28:11. 3imaroon pass. ! 125
26:07! 1 27:.07. 1 white van i 81
26:07! 20 27:191  1|gray t-top ‘; 73l
26:08| 1) 27:080 1iblack jeep | 61
26:10! 31 28:14; 3|long bed truck wicont. | 125
26:101 21 2837 2ired pass. i 148
26:10: 1. 27:09. 1]silver suv : 60
26:11| 3 28:15.  3iblack pass. i 125
26:11| 11 27:10:  1|black pass. | 60
26:12/ 2. 28:39] 2lblack pass. ; 148
26:12| 3]  28:18f 3iblackpu i 127
26:13i 11 27:12) = 1|silver pass. | 60
26:13) 3; 2819 3ianpass. 5 127
26:14/ 21 28:421 2|silver pass. i 149
26:15| 1] 27:13;  1litblue suv | 59
26:16! 2! 28:45; 2|blue pass. Wfsunroof | 150
26:17! 3 28221 3igray pass | 126
26:18| 20 28:46{ 2|black pass i 148
26:18| 3l 28:24; 3iblack pu | 127




130th {145th "Vehicle Description ‘

time lane time lane trave! time

{(min:sec) | (min:sec) (sec)
26:18 1] 27-17]  1|black gray minivan 80
26:19 2] 2848 2|gray pass 150
26:19 3 28:25| 3|maroon pass 127
26:20 21 28:50] 2lbiue pass. | 151] -
26:21 3 28:27| 3|white suv 127
-26:21] 1y 27:20f 1|blue pass 60
26:22| 21 28:53] 2l|black pass 152
26:22] 3i 28:31) 4iwhite pass 130
26:23| 1 27:24] 1|white van 59
26:23] 2. 28:38| 4isilver pass. 136
26:24| 31 28:3t] 3iblue suv 128
26:24| T 27:22) 1|black minivan i 59
26:26| 21 2855 2|tan pass. W/ sunroof | 150
26:26 37 28:33| 3|red silver pu ! 128
26:28| 3 28:35| 3lgray pass. \ 128
26:28] 1. 27.28| ° 1jsilver pass. | 61
26:28| 20 28:58]  2lblue minivan | 152
26:30! 1, 27:301  1l|red pass. % 61
26:31! 37 2838 3iblack sedan B 128
26:32| 3 28:40] 3jsilver pass. ! 129
26:32] 20 29:02| 2l|black pass. i 151
26:32! 1. 27:32]  1lblack conv. ‘; 81
26:33f 3 28:42] 3ljeep i 130
26:34] 27 29:03] 2iblack pass i 150
26:34/ 1 27:33|  1!maroon pass. | 60
26:35] 17 27.35]  1iwhite pass. | 61
26:37 2 29:068| 2lred pass. ] 150
26:37] 3. 28:46] 3itruck/trailer 1 130
26:38| R E 27:371  1|black wagon i 60
26:38! 2 29071 2'black pass w/ sunroof | 149
26:41 3 28:51. - 3iblack suv | 131
26:41| 1. 27.41] 1,white suv | 61
26:42! 27 20112} 2!gray pass w/ sunroof 151
26:43! 1. 27:43] 1ltan sedan 61
26:44! 3i  28:57| 3lblackjeep | 134
26:45) 2. 29:14| 2iwhite pass | 150
26:46 3] 29:00/ 3|green pass 135
26:47 21 29:16] 2iblack pass 150
26:49 3] 29:01] 3|maroon pass | 133 -
26:50 2 29:19| 2|black pu 150
26:50! 3] 29:03] 3iblue hatchback | 134
26:52! i 29:22|  2imaroon pass | 151
26:53! 3] 29:06; 3|white pu | 134




130th 145th Vehicle Description

time lane time lane : travel time

{min:sec) (min:sec) {sec)
26:54 2 29:25 2|black pass 152
26:54 3 28:07| 3marcon pass 134
26:55 1 27:56| 1jwhite pass 62
26.56! 3 29:08( 3|dk gray pass i 134
26.57! 2|  29:26| 2lbluevan l 150
26:581 1 27:58| 1;black van 81
26:58| 3 29:10| 2|blue pass 133
27.00¢ 3 29:1 3ired pass. 132
27:011 3 29:12| 3|dark gray pass 132
27:02] 24 29:44|  2|dump truck and trailer 163
27:03] 3| 29:14] 3{black suv 132
27:04! 2,  29:48| 2|white pu/canopy 163
27.04| 3] 29:09] 2[silver suv 126
27:06| 2| 29:33]  2|gray pass w/ sunroof \ 148
27:06! 31 29116] 3imarcon sedan l 131
27:07: 3] 2918 3iblack suv | 132
27:08i 2] 23.47| 2|black pass. : 160
27:09° 31 29:20i 3lwhite pass ! 132

- 2708 1 2811 1 white van L 63

2711, 1] 28:12] 1.maroon pass ! 62
27:12! 31 29:22] 3lred silver suv | 131
27:12. 11 28:14; 1 white pass w/sunroof | 83
2713 2! 29:31  3ired pu/canopy : 139
27131 3] 29:25  3ired pass w/ sunroof i 133
27:13! 1] 28:48| 4!maroon suv ] 296
27:15: 2] 29:35, 2blue pass | 141
27:15! 30 29:261 3iblue pass w/ sunroof 132
27:15i 1! 28:15)  1:gray hatchback 61
27:17. 3] 29:27] 3lgray sedan w/ sunroof | 131
27:18i 3 29:28] 2 bluck suv 1 131
27:19i 17 2818 1'silver minivan | 80
27:19) 2] 29:49] 2!white pu 151
2719 3] 29:291 3jtan pass w/ brown top 131
27:201 2| 2951 2|maroon pass w/ sun. 152
2721 3] 29:33|  4|maroon pass w/ sun. 133
2721 1 28:191  1]black pass 59
27.22 2 29:53) 2 black pass 152
27:23] 1 28:20/ 1!blue pass | 58
27:23i 3| 29:311  2)white van w/ ladder ‘; 129
27:24; 2] 29:54] 2 gray pass | 151
27:25 1 28:23] 1imotorcycle 1 59
27:26 1 28:24| 1imotorcycle 59
2727, 2/ 20:56] 2|gray wagon 150




130th 145th Vehicle Description

time lane time lane travel time

(min:sec) (min:sec) (sec)
27:28 3 29:36| 3|blue hatchback 128
27:29 1] 28:26] 1lblack minivan 58
27:30 21 30:00] 2|blue white pass | 151
27:31 3] 29:39/  3{dark blue suv | 129
27:32] 11 28:28| 1|black minivan 57
27:32 2! 30:02! 2t blue pass 151
27:33 3| 29:40| 2|black suv 128
27:34 1] 28:35 1|black pass w/ sunroof 62
27.35 3] 29:41] 3ired pass w/ sunroof 127
27:36 27 30.04 2 maroon passw/sun. | 149
27:37 1] 28:37] 1iredvan ~ ! 61
27:38| 3 29:43] 3lyellow pass i 126
27:38 1) 28:38] 1|black van | 61
27.39 17 28:38] 1t blue van 1 1
27:41| 3 29:45  3|blue pass | 125
27:411 17 28:42] 1jjeep | 62
27:43] 3| 2947] 3|maroon passw/sun. | 125
27-44| 1° 28:50| 1|black pass ! 67
27:47! 1. 2852 1)dark blue pass ! 66
27.48| 11 28:54] 1|white minivan g 67
27:48| 3l 29:57| 2|gray pass | 130
27:49| 1. 2855 1iblack pass | 67
27:50] 2. 30:060 2{maroon pass 4 137
27:51; 3 29:49] 3|tan pass w/ browntop | 119
27:51] 17 28:57; 1|black pass 1 67
2753 3 29:501 3isilver pass | 118
27:54 1 20:02| 1igray pass w/ sunroof | 69
27:54 " 30081 2|red pass | 135
27:55 3l 29:520 3lit blue minivan i 118
27.56 1. 29:04} 1silver pass } 69
27:57! 2. 30:10] 2.gold suv i 134
27.57) 3. 29:54| 3iblack pu } 118
27:58 17 2906, 1|blue pass ‘ 69
27.58 31 29:56| 3|white pass 118
2800 11 29:08/ 1lyellow taxi 69
28:01 2! 30:12)  2iwhite pass \ 132
28:01 31 28:57' 3lblack suv l 117
28:021 17 29:10] 1|red pass w/ sunroof 69
28.03 3] 29581 3lblue pass 117
28:04 3] 30:01i 3imarcon pass 118
28:05 20 30:13]  2lblack jeep 129
28:05| - 1] 29:12] 1)blue pass 68
28:07! 21 30115/ 2!black pass w/ sunroof | 129




130th 145th Vehicle Description

time lane time lane travel time

(min:sec) {min:sec) (sec)
28.07 1 29:131  1|black pass 67}
28:09 1 29:15| 1|gray pass 67
28:10 21 30:17) 2)black wagon 128
2812/ 1. 29:18] 1lgold pass 67
28:12] 21 30:18| 2|white pass 128
28:12) 3 30:03|  3lred pu/cancpy 112
28:13 2 30:20| 2|black pass 128
28:14 1 20:20] 1lgray pass w/ sunroof 87
28:151 21 30022 2|blue pass 128
28:15| 3] 30:05( 3{gray pass 111
28:161 | 30:23| 2ljeep 128
28:17 3| 30:08! 3|white suv | 110
28:18 11 29:23]  1|red minivan | 66
28:18] 2] 30:26] 2'blue pass l 129
28:18! 37 3008 3iblue pass | 111
28:20| 27 30:28) 2 white wagon ; 129
28:201 11 29:25] 1|blue suv | 66
28:211 2! 30:10/  3lbiack suv | 110!
28:22] 1, 29:26/ 1.black pu E 65
28:23] 21 30:30| 2|blue pass | 128
28:24 11 29:28] 1|maroon pass | 65
28:25] 2! 30:32f 2!white pass - 1 128
28:26, 17 29:301 1|gray pass i 85
28:27! 2! 30:33] 2!white wagon | 127
28:28i 37 30:13]  3itruck trailer semi | 106
28:28! 2 30:35{ 2!white pu l 128
28:29| 11 29:31]  1/maroon pu/canopy 83
28:30! 20 30:37] 2!blue hatchback 128
28:30 | 30:15]  3iblue convertible 106
28:31 11 29:32] 1!red pass , 62
28:32' 1 20:34]  1iblack gray suburban i 63
28:32! 3. 30:11] 4igray van i 100
28:34) 21 30:36] 3iredjeep ! 123
28:36¢ 1, 29:38| 1iblack wagon 64
28:35i 2! 30:38]  2|white pass 124
28:36| 3l 30:15{ 4/maroon pass 100
28:36 2. 30:40| 2iblue pu/canopy 125|
28:37| 11 29:38| 1|white pass 63
28:39| 2/ 30:43] 2isiiver minivan 125
28:40| 3i 30:18| 3|red pu/canopy 100
28:401 1} 29:40| 1!black suv 61
28:42! 1 29:43| 1iblack pass 62
28:421 20 30:44| 2iblack jeep 123




130th 145th Vehicle Description

time lane time lane | travel time

(min:sec) {min:sec) ‘ {sec)
28:43 2 30:45| 2|gray pass 123
28:44 3 30:23|  3siiver pu 100
28:44 1 2944 1jwhite delivery truck 61
28:45) 1 29:46, 1|red pass 82
28:45 3 a0:24| 3|blue pass 100
28:45 2 30:48| 2lgray pass 124
28:46 2 30:49| 2|maroon pass 124
28:47 3] 30:23; 4|black pass 97
28:48 1 29:49| 1lwhite wagon 62}
28:48 3 30:25) 4igray blue pass 98
28:49| 1f  29:49| 1|black pass 61
28:50] 3 30:28| 3|white van 99
28:580 2 30:511  2|black suv 122
28:51 21 30:52| 2lblack pass 122
28:51! 11 29:51 1igray pass 61
2851 3 30:33{ 3|black pu 103
28:53 1 29:52{ 1jwhite pu 80
28:54i 20 30:47! 3!blue pu/canopy - 114]
28:541 3 30:34!  3iblack pass i 101
28:55 1 29:53| 1igray pass | 59
28:55] 21 30:49] 3jred pu/canopy | 115
28:56 3] 30:39; 3iwhite hatchback ! 104
28:57. 2, 30:541  2.white pass W/ sunroof | 118
28:58, 21 30:45  3jmaroon pass % 108
28:581 11 29:57' 1:black pass | 59
29:00! 31 30:40/ 3igray suv i 101
29:00i 2 30:55] 2iwhite van 116
29:01| 1] 29:59] 1!black pass 59
29:01i 2 30:41]  3/blue pass 101
29:02! 1] 30:00]  1iblue minivan 59
29:03] 3! 30:43] 3 white red suv 101
29:04! 1 30:011  1igreen pass 58
29:04; 2! 30:57; 2ired pass 114
29:06i i 30:03| 1imaroon pass 58
29:061 "3 30:49] 4|red suv 104
29:061 2] 30:59] 2|black van 114
29:07! [ 30:05; 1lblack pass ' 59
29:07! 3] 30:51|  3silver van \ 105
29:08i 2 31.00 2|gray pu/canopy ! 113
29:09: 3] 30:52i 3ired pass 104
29:10! 3,  30:54] 3imaroon pass 105
29:10: 1l 30:08, 1idark gray pass 1 59
29:11. 21 31:02] 2)white minivan | 112

75



130th 145th Vehicle Description |
time lane time lane travel time
{min;sec) (min:sec) {sec)

. 2012 3 30:59| 3jblack suv 108
29:12 1] 30:10 1|white pu 59
29:14 37 31:00] 4|blue pass w/ black top 107
29:14 2] 31:05] 2|maroon sedan 112
2914 1l 3011 1|black pass 58
29:15 21 31:06| 2|white blue pu ! 112
29:16| 3l 31:01] 3|maroon suv 106
29:17| 1] 30:16] 1|silverpu 60
29:18 3 31:.03] 3jwhite suv 106
29:18 2 31:08] 2|white flatbed | 112

©29:20 3 31:068| 4|silver minivan ' 107
29:20 2 31:10! 2|black pass 111
29:20 1! 30:18| 1|white wagon 59
29:21 3 31:06) 3|black pu | 106
29:21 ~20 31:12]  2{maroon pass ‘; 112
29:22] 17 30:191  1|maroon pass | 58
29:22] 31 31:07| 3|biue pass | 106
29:24 2 31:16, 2iblack hatchback } 113
29:25! 3- 31.08! 3iblue pu/canopy ; 105
29:251 27 3117 2|black pass w/ sunroof | 113

- 29:27| 7 31:19] 2iblack pu/canopy l 113
29:27 1 30:24]  1]black suv i 58
29:28i 3 31:111  3iwhite pu 1 104
29:28| 27 31210 2|blue pass ] 114
29:28 31 31:12] 3ldark gray pass w/ sun. ! 105
29:29 15 30:25{ 1iblack minivan | 57
29:29 3 31:13|  3|red pass 105
29:30 2 31:22] 2|white pu/canopy 113
29:3 3 3118,  3lsilver wagoen 108
29:32 17 30:29] 1|white pu l 58
29:32! 2. 31:24] 2iblack pass | 113
29:33] 3i  31:18] 3|red pass 5 106
29:34 11 30:31] 1]silver hatchback | 58
29:35 2/ 31:26] 2|maroon pass Q 112
29:35 37 31:22] 4|blue pass I 108
29:37! 1.  30:36] 1|blue vw van ! 80
29:37! 2 31:28] 2[red pass ! 112
29:37, 3;  31:21] 3|blue pass | 105|
29:38 2: 31:30] 2!black pu | 113
29:39 3 31:23]  3|black pu/canopy | 105
29:39 17 30:39]  1!blue hatchback | 61
29:41 11 30:40{ 1lsilver pu/canopy | 60
29:41! 37 31240 3ired pass wisunroof l 104

76



130th |145th iVehicle Description

time lane time lane - travel time

(min:sec) {(min:sec) (sec)
29:41 2 31:32| 2|maroon pass 112
29:42 1 30:42] 1|black suv 61
29:43 2 31:33} 2igray pass 111
29:43 3 31:26]  3|gray pass w/ sunroof 104
29:44 2 31:34| 2|/maroon pass ' 111
29:45 3 31:28) 3|yellow pass 104
29:46 1 30:47| 1jgray pass w/ sunroof 62
29:47 3] 31:30] 3|brown hatchback 104
29:47 20 31:35| 2jredpu 109
29:48 21 31:37, 2lblue pass 110
29:48 31 31:31]  3|white pass w/ sunroof \ 104
29:49 2 31:38] 2/black pu \ 110
29:50 3] 3141 2|gray/black suv 5 112
29:51] 21 31.43] 2iblack pass | 113
29:52] 5 3144 2/dark blue w/ sunroof | 113
29:52} 3 31:32] 3|blue pass i 101
29:54| 2] 31.46]  2|white pass w/ sunroof | 113
29:55| 37 231:35] 3|black pass | 101
29:56 | 17 30:49] 1 white pass w/ sunroof | 54
29:56 2. 3143 S5lbus 108
29:56] 31 31:361 3 black suv ‘i 101
29:58| 2~ 31.48/ 3lwhite pass w/ sunroof | 111
29:58/ 3 31:38] 3ibronze pass w/ sunroof | 101
29:59 1 30:531  1jbrown/tan suv | 55
29:59 27 31:451 3lred suv 1 107
29:59 3] 31411 3iredpu | 103
30:00 11 30:56] 1|white minivan | 57
30:02 2 31:48) 2!maroon pass ‘i 107
30:02 17 30:581 1isilver suv i 57
30:02] 31 31:42]  3iblack minivan i 101
30:03! 1 - 31:00¢ 1 bronze suv } 58
30:041 3 3128 1!gray suv | 85
30:05/ 1. 31:.03) 1!gold wagon 1 59
30:05] 2! 31:49| 2.|gray pu/canopy 105
30:06 31 31:50| 2|maroon pu . 105
30:07| " 31:44] 3iblack pass ] a8
30:08] 17 31:071  1iblack convertible B 60
30:08| 21 31:54] 2igrayvan l 107
30:09 1. 31:10]  1]silver hatchback 1 62
30:09| 2'  31:56! 2'maroon pass i 108
30:11 10 31:14]. 1ired pass | 64
30:12| 3 3151 3idump truck | 100
30:13! 1 31:18; 1lgray pu | 66




130th 145th iVehicle Description

time lane time lane ! travel time

(min:sec) (min:sec) ‘g {sec)
30:14 2 31:59 2|blue hatchback 106
30:15 3 31:53| 3|black pass 99
30:15 1) . 31:20, 1igray pass 86
3016 1 31:21| 1|red pass 66
30:18 3 31:58, 3iblack pass 100
30017 2! 32:04| 2lwhite van ] 108
30:17} 11 31:221  1jred suv ‘ 66
30:18 3l 31:56!  3|blue hatchback i 99

- 30:18 21 32:05| 2!white pass w/ sunroof i 108
30:18] 1) 31:23| 1iblack suv 66
30:19 21 32:04] 3lred pu/canopy 106
30:20] 17 31:28| 1jblue gray van 70
30:21 2 32:07] 2lred pass 5 107
- 30:21 3] 32:01!  3jtruck trailer semi | 104

30:22 3l 32:01, 2!whitepu 100
30:22 15 31:31.  1iblack suv ‘| 70
30:22] 21 32:07' 4iwhite pu/canopy | 106
30:23| 3| 3203, 3iblue/gray pass w/ sun. | 101
30:24/ I 31:32'  1:white toyata w/ canopy | 89
30:24| 21 32:08; 2;white pass ‘; 105
30:25 11 31:33)  1:maroon pass | 69
30:26| 3, 32:07' 3iwhite delivery truck i 102
30:26! 1 31-35°  1:silver minivan : 70
30:27! 20 3211 2:gray pass w/ sunroof | 105
30:29| 20 32:127 2.gray pass w/sunroof | 104
30:29| 1 31:381  1:silver pass ‘; 70
30:30| 31 3211, 3jtruck trailer semi | 102
30:33 3 32141 3ired minivan | 102
30:34 1 3141 1.CT bus 1 68
30:34| 21 32181 2'black/silver pu/canopy 105
30:34/ 31 32:16! 3 .gray hatchback ‘ 103
30:361 2] 32200 2'greenvanw/ladders | 105
30:36, 11 31:44] 1 motorcycle ' 69
30:37 1 31:46i 1:black pass 70
30:37 3 32:17!  3isilver truck 101
30:38 2 32:22' 2!maroon pass ‘ 105
30:38| 1) 31:48!  1.red pass 71
30:39 2! 32:24, 2'black pu- 106
30:40 kY 32:201  3ired pass | 101
30:401 . 1] 31:50/ 1'black pass 71
30:41 1 31:511  t1imotorcycle 71
30:41 2] 32:26] 2 black el camino | 106
30:42 31 3221 4:bluevan | 100




130th | 145th Vehicle Description

time lane time lane travel time

(min:sec) (min:sec) (sec)
30:43 2 32:28]  2|white pu 106
30:44 3 32:31| 2|maroon pass 108
30:44 2 32:20! 2|black pass . 106
30:45 11 3157 1/CT bus 73
30:45 3] " 32:25| 3!black pass w/ sunroof 101
30:46 1 31:58| 1|black pass 73
30:47| 3] 32:26| 3|gray pass | 100
30:48| 11 32:001 1|red pass 73
30:49 21 32:35| 2|blue gray pass 107
30:50 21 32:37!  3|white minivan 108
30:50 1 201 1|gold suv 72
30:51 ! 32:29] 3|white pass 95
30:51 21  32:37| 2|goid wagon i 107
30:52 3] 32:30] 3ltanpass | 09
30:52 1] 32:04| 1]biue pass | 73
30:54 3l 32:33| 3|black pass 100
30:55 2, 32:41] 2|blue pass 107
30:55 11 32:06) 1itanvan | 72
30:56| 2 3244 2|black pass ‘ 109
30:57| 1 32:08| 1iwhite pass | 72
30.58) 21 3211 1|gray pass | 74
30:58| 3] 32:36] 3iblack pu | 99
30:58, 11 32101  1ired pass ! 73
31:00| 3] 32:41] 3|silver pass \ 102
31:.01) . 21 32:45 2|black pass | 105
31:.01i 1 32:160  2|white puw/ trailer ! 76
31:02) 2| 32:47, 2|black pu/canopy 1 106
31:02] 31 32:43] 3|black pass 1 102
31:02] 11 32:16!  1|gray pass i 75
31:03] 2, 32.49] 2|brown pu [ 107
31:04, 1 32:17 1jjeep | 74
31.05i 3]  32:45.  3|white pass ‘. 101
31:05: 51 32:51]  2igray hatchback ! 107
31:051 1. 32:19]  1|maroon pass t 75
31.07 2i . 32:53]  2!blue pu/canopy i 107
31:07! 30 32:470 3iblue w/ sunroof 1 101
31:08! 11 32:21]  1igray minivan ‘I 74
31:08| 3] 32:48] 3lgray pass 1 101
31:08! 2 32:55| 2lgray pass 108
31:091 1 32:23]  1iblue pass w/ sunroof 75
31:10] i 32:50/ 3|black pu 101
31:10| 17 32:24]  1|maroon pass L 75
3111 17 32:251 1lblack suv [ 75




130th 145th Vehicle Description

time lane time lane travei time

{min:sec) {min:sec) _ {sec)
31:11 2 32:56|  2|gray w/ sun. 106
31:12 3 32:52 3|dark blue suv 101
3112 1 32:33) 2|white pass 82
31:13 2! 32:58| 2|gray pass w/ sunroof 107
31:14 1] 32:30  1|blue pass 77
3115 3 32'54] 3|white truck with junk 100
3116 1 32:321  1|silver van 7
31:17| 3] 32:56] 3|marcon hatchback 100
31:18| 1 32:33|  1|red minivan 76
31:18| 2 33:02| 2white pu 105
31:191 3 32:58| 3|silver pass 100
31:20| 2 33:04| 2|gray pass w/ sunroof 105
31:20| 1, 32:35] 1|white pass 76
31:20] 31 33000 3jredpu 1 101
31:22| 31 33:02] 3|red pu/canopy 1 101
31:22 2 33:08] 2iblue pass | 105
31:22] 17 32.37| 1|blue pass l 76
31:23| 21 3308 2{black wagon 106
31:241 1! 32:38 1| white minivan 75
31.25i 1 32:39| 1|motorcycle 75
31:25i 2! 33:11|  2|white suv 107
31:26¢ 11 32:407 1|motorcycle 75
3127 ‘ 33.08| 3lsemi | 102
31:28; 2 33:15; 2\|black suv ' 108
31:28: 1 32:42] 1|black suv ‘ 75
31:31¢ 2 33:19  2!white pu 109
31:31] 10 32:44| 1|black wagon | 74
31:31; 31 3311 3!black suv 101
31:33! 2i  33:23| 2|white pass 111
31:.331 1 32:47| 1|gray pass 75
31:34. 3 33:.08] 4|red/white pu/canopy 96
31:34, 2 33:25| 2iblack suv 112
31:35i 1 32:49| 1|black hatchback - 75
31:36| I 33:13| 3igray pass g8
31:36; 20 3329| 2|white pass 114
31:.37 10 32:51, 1lredpu 75
31:39: 2. 3332 2|redsuv 114
31:39| 3 33:17 3|maroon/silver pu 99
31401 1] 32:53| 1|black suburban 74
31:40! 2 33:34!  2|black pass 115
31:41, 3 33:21] 3jblack suv L 101
31:42! 1, 32:55! 1|gray pass w/ sunroof | 74
31:431 2! 33:37!  2|blue pass | 115
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130th 145th Vehicle Description

time lane time lane travel time

{rin:sec) {min:sec) (sec)
31:.44 1 32:57| 1|black pass 74
31:44 3 33:24| 5|red pass 101
31:45 2 33:41 2|silver suburban 117
31:46 1 a2:59| 1l|blue pass 74
31:47 2 33:44! 2lwhite pu/canopy | 118
31:48 1] 33:00] 1|maroon suv | 73
31:60 1] 33:01] 1|white van 72
31:50 2] 33:47, 2|gray pass 118
31:50 3] 33:41]  3|truck trailer w/ lumber 112
31:51 2] 33:51  2|red hatchback | 121
31:52 1] 33:03] 1lred pass w/ sunroof | 72
31:52 3l 33:44] 3jred pass | 113
31:53 1] 33:05] 1|black suv [ 73
31:53] 2 3352, 2lwhite/biue van 1 120
3454/ 3! 33:48| 3|marcon pass L 115
3155 27 33:55{ 2|white hatchback | 121
31:55] il 3307 1|black pu | 73
31:56| 3] 33:50] 3lblack pass 1 115
31.57! 10 33:09) 1|black minivan i 73
31:58! I 3355 2idark blue pass | 118
31:58| 3 33:54| 3|black pass | 117
31:59 2] 33.571 2lblack pass | 119
31:59 17 33127 1iwhite pipe truck % 74
32:00| 3] 3357 3|gray pass ‘1 118
32:001 2} 33:58] 2lred pass 1 119
32:01! 1! 33:13|  1|white minivan i 73
32:02 21 34:00] 2jsilverpu l 119
32:03 3 3359 3l|black pass l 117
32:04 1, 3317! 1|black minivan l 74
32:04] 3] 3401} 3lgray pass ! 118
32:051 1 33:19!  1iblack pass ! 75
32:05j 3l 34:04;  3lwhite suv 5 120
32:07] 2] 3404 2|white pu 5 118
32:07! 31 3405 3lred pass w/ sunroof % 118
32:09 37 34.08] 3|black pass W/ sunroof | 120
32:09! 21 3407 2lsilver pass 5 118}
32:11] 3] 34:091 3igray hatchback | 119
32:12] 31 34:12! 3iblue pass '1 121
32:13! | 33270 1|CThbus | 75
32:13j 2 34:11)  2'maroon pass 1 119
32:14! 3 34:15;  4/|black minivan ! 122
32:141 1. 33:28] 1!black pass ] 75
32:14| 51 34131 2lgray pass I 120




130th ;145th | |Vehicle Description

time lane |time lane ' travel time

{min:sec) (min:sec) | (sec)
32:16 3 34.05, 4|black pass 110
32:16 2 34:14| 2|gray pass 119
32:17 1 33:30] 1|white van 74
32:17 3 34:131  3|white pass w/ sunroof 117
32:19 11- 33:31)  1|white pass i 73
32:20 } 34:16]  2|black pu/canopy 117
32:20 3 34:16!  3|white pass w/ sunroof 117
3221 1] 33:331 1]|black pu/canopy | 73
32:22 2 34:19| 2imaroon suv 118
32:23 1 33:34!  1|black pass w/ sunroof ! 72
32:24 2] 34201 2imaroon suv j 117
32:25 31 34:17!  3|black pass % 113
32:25 27 3422 2|black pass w/sunroof | 118
32:26) 1;  33:38! 1jgray van I 73
32:27! 21 3409t 2lgray pass w/sunroof | 103
32:27| 3 34:201  3)black pu/canopy 114
32:28| 1 33:40: 1liwhite pass | 73
32:29. 20 3427 2lwhite pass 1 119
32:31! 1. 33:41, 1 black pass w/ sunroof i 71
32:31] 20 34:25.  2)white minivan | 115
32:31| 3 34:23;  3ifiatbed truck ! 113
32:32! 1 33:43'  1lblack minivan } 72
32:33! 3 34:25: 3iwhite pass ! 113
32:351 1. 33:.46:  1!white pu/canopy 72
32:351 2 3428 2|gray pass | 114
32:36! 3, 3417 4.white pass w/ sunroof | 102
32:37! 1 33:48:  1iblue pass ‘: 72
32:38, 31 34291 3lred convertible \ 112
32:39) 31 3431  2iblack jeep ‘| 113
32:39 10 33:49'  1:gray minivan \ 71
32:40! 1 3350 1'black pass E 71
32:41 2. 34:32  2:blue pass 112
32:42! 3 34:31  3lblack pass w/ sunroof 110
32:421 1] 33:52!  1lred pass 71
32:43} 2 34:34i 2lcream pass ‘ 112
32:44| 3l 34:33)  3igray pass | 110
32:45] 2 3435 1igray pass w/ sunroof 1M1
32:451 1. 3354 1 black pass w/ sunroof 70
32:46] 3! 34:351  3jwhite van 110
32:47! 2 34:37°  2!maroon pu 111
32:47! 17 33:561 1jred hatchback 70
32:48) 21 34:13] 2lwhite pass ‘, 86
32:49) 1] 33:58/ 1iredjeep ! 70




130th 145th Vehicle Description

time lane time iane travel time

{min:sec) (min;sec) (sec)
32:50 3 34:37|  3jgray van -108
32:51 1]~ 34:00{ 1[black pass 70
32:51 2] 34:40| 2|red pu/canopy 110
32:52 3 34:39 3|black pass 108
32:53 1] 34:01] 1|biack van \ 89
32:531 2 3442] 2ired pass w/ sunroof 1 110
32:55! 57 34.44] 2/maroon pass w/ sunroof | 110
32:55 1] 34:.04] 1iblack pu 1 70
32:561 . 34:401 3|white wagon | 105
32:57, 21 34:48| 2'white pass 1 112
32:58 1] 34:06] 1]tan pass | 69
32:58 3| 34:43| 3|maroon ford pu 1 106
32:59 21 3449 2|white suburban | 111]
33:.00 1] 34:07  1!black minivan | 68
33:00i 37  34:45] 3iblack pass L 106
33:01] 1 34:08, 1iwhite pu i 68
33010 3] 34:48] 3|biue wagon | 108
33:.02! . 2! 34:51]  2lbrown van | 110
33:03: 1 34000 1ired pass E 87
3303 31 34:15, S5ibrown/tan pufcanopy | 73

33:.041 17 3411] 1:black minivan 5 68

33:04: 31 34:26/ Siredsuv | 83
33.05 2! 34:531 2silver pass 109
33.06! 3 34:54)  2jred/silver pu 109
33.06! 1. 3414 1idark gray pass ! 69
33.07 2. 34:56, 2:gray pass i 110
33:08l 21 34:58] 2)puw/ white canopy | 111
33:08! 1, 34:16] 1!blue minivan 1 69
33:09] 1: 34:17| 1iblue pass 69
33:09: 3 34:50] 4!marcon convertible 1 102
33:10! 2 3459 2'gray passw/sunroof 110
33112, 17 34201 1isilver minivan 69
33:131 1] 34:21; 1gold pass | 69
33:13 20 3503] 2iwhite junk truck E 111
33:13i 31 34:52. 3ired pass & 100
33:15 3. 34:53] 3igray/blue van ! 99
3315 1: 34:231  1'black pass 69
33:156i 2! 3505 2!black pass 11
33:16i 3] 3502] 3jwhite pass w/ sunroof 107
33:18! 3 34:54| 3!silver pass w/ sunroof a7
33:18| 1) 34:24; 1.gray pass 87
33:19i 1, 34:26! 1!gray pass | 68
33:19! 21 35:11] 2ltanker truck | 113
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130th 145th E Vehicle Description
time lane time lane travel time
(min:sec) (min:sec) (sec)
33:21 1 34:28)  1lred pass 68
3321 3 34:59| 3jwhite van 99
3321 2] 35:13] 2|black wagen 113] .
33:22 1] 34:30] 1|white van % 69
33:23 17 34:31]  1|blue suv | 89
33:23| 3. 3502 3|white pass w/ sunroof | 100
3324 3 35.03f 3|white pu | 100
33:28 11 34:37) 1|CThbus | 70
33:28 2 3505 3|brown pass 1 98
33:29i 1] 34:38] 1|white pass 1 70
33:29] 30 35113]  3|truck trailer w/ red box l 105
33:29/ 20 35115 2|white pass - 107
33:30| 3] 35:14] 3|black pass l 105
33:31! 11 34:40] 1imaroon minivan [ 70
33:31! 2. 3517] 2{maroon suv : 107
33:32! 1i 3441  1lsick brown pass | 70
33:324 3! 35191  2|white pu \ 108
33:33 21 3507 3lired wagon Li 95
33:34; 3. 35151 3iblack pass 102
33:34! 11 34:431 1,gray pass 70
33:35 . 35:000 5lwhite pu 1 86
33:35; 11 3446, 1blackpu ! 72
33:36! 2' 3522 2!black pass i 107
33:36) 3 35:13] 4|black suv i 98
33:37 2. 35:24) 2|maroon pu \ 108
33:38 3] 351181 3|black pass w/ sunroof ! 101
33:39 20 35:25) 2igray van | 107
33:391 11 34:50] 1]art. CT bus (5824) | 72
33:39% 3f 3520] 3iblack suv g 102
33:41! 21 35:23| 3|white pass w/ sunroof | 103
33:41; 1T 34:527 1ired pass ! 72
33:42! 3] 35:21! 3|dark blue pass ; 100
33:43; 21 35:28; 2!brown pass ‘; 106
33:44 1l 34:55; 1|white pass | 72
33:44| 2! 34:53| 1lsilver pu/canopy | 70
33:45, 17 34:56{ 1|blue minivan | 72
33:45: 2! 35231  1ired pass w/ sunroof L . 99
3346 117 34:57; 1|black hatchback 72
33.47! 1] 34:59] 1|maroon pass 73
133:48 2] 3531] 2iredpu 104
33:49| 11 3501 1|white pu/canopy 73
33:49| 21 3525 3|red pass w/ sunroof 97
33:50]| 1 35:02| 1|silver pu/canopy 73




130th 145th | |Vehicle Description | |

time time lane travel time

(min:sec) | (min:sec) (sec)
33.50 2 35:33| 2|red hatchback 104
33:51 51 35:.34| 2|black pass w/ sunroof 104
a3:562 3 35:29| - 3iwhite wagon 98
33:52 14 35:04| 1|gray pass 73
33:53] 2/ 35.08| 1|maroon pass L 76
33:53 1] 35:08] 1ltanpu | 74
33:55| 11 35.07{ 1{white pass | 73
33:55] 3 3538  3ltruck trailer | 104
33:56] 21 35:37] 2|black pu | 102

 33:56] 1] 35:08] 1|maroon pass \ 73

33:57 3] 3541 3Imaroon pu/canopy ’i 105
33:57] 2] 35:39] 2ibluefsilver pu '[ 103
33:59] 3, 3543 3|white pu toyota | 105
33:50| 21 35.40] 2 white pass | 102
34:00; 1 3511, 1,black conv. wi gray top 72
34:00! 37 3545  3|white pass w/ sunroof | 106
34:01! 17 35:17! 1iflatbed pipe truck i 77
34:01 57 35:43] 2!maroon pass i 103
34:02! 3; 3547, 2imaroon/silver pu 1 106
34:03; 21 3549 2|black pass | 107
34:03] 3]  3547; 3ired minivan | 105
34:04. 20 35501 2!black minivan 107
3404 1! 35:191  1'blue pass ‘5 76
34:06; 30 3551 3.black suv ﬂ 106
34:08| 11 3521 1 black minivan 3 76
34.06! 20 3553 2 black pass 108
34:07| 31 35531 3igray pass ; 107
34:081 2! 35:55,  2isilver pass ! 108
34:08] 1] 35:25/ 1.maroon pass | 78
34:09! 27 36:00! 2blue w/ whitetop 112
34:081 3 35:491 5.red pass : 101
34:101 3 35:40' 5ired suv 91
34:10] 1] 35:27'  1:brown pass 78
34:10i 2! 36:32]  4iwhite minivan 143
34:11§ 3] 3557, 3lblack pass 107
34:12! 1] 35281 1|black pass | 77!
34:12, 3; 3600 3:black w/ sunroof rL 109
34131 2! 36:05] 2lwhite pu | 113
34:13% 1] 35:30| . 1|blue pass 78
34:14! 3l 361161 3lgray pu/canopy 123
34:14. 1] 35:31]  1jblack suv 78
34:15] 2! 35:32]  1|black pass 78
34:16| 3 36:23; 3|black wagon 128




130th | 145th | Vehicle Description

time lane time lane travel time

{min:sec) (min:sec) (sec)
3416 1 35:.36] 1|blue w/ sunroof 81]
34:17 21 36:08| 2|white van 112
3417 1] 35:38!  1|gray pu/canopy 82
34:17 3 36:28| 3|black pu 132
34:19 1 35:39) 1|red suv 81
34:19] 37 236:30] 3|silver pass | 132
34:20! 2! 36:13| 2igreen pass [ 114
34:20] 3] 36:32] 3[tan pass 1 133
34:21| 21 36:18] 2|gray pass I 118
34:21] 11 35417 1!black pass w/ sunroof 81
34:22, 2. 36:28] 2|blackpu 127
34:22! 3] 36:34] 3lblack suv 133
34:23, 1, 35:42] 1|black wagon \ 80
34:23l 21 36:31; 2iblue pass 128
34:24i 1, 3541 2ibiack pass 78
34:25; 3l 35:53] 5lmaroon pu/cancpy ! 89
34:26] 2 36:38]  2|semicab...no trailer | 133
34:26! 3 3639 3iwhitevan | 134
34:27" ~ 1,  35:44; 1 white pass t 78
34281 3  36:41] 3igray pu 134
34:29| 3] 36:431 3igray suv E 135
34:29! 1. 3547 1!white pass w/ sunroof | 79
34:291 2! 36:40| 2ired hatchback i 132
34:30; 3 36:34] 2 white suv '1 125
34.30; 1. 3548, 1imotorcycle i 79
34:31] 31 3645/ 3ired pass | 135
34:32] 1. 35:50) 1iblue pass | 79
34:33] P 36:43] 2igray pass | 131
34:33 1 35:53| 1iblack pass ! 81
34:34i 20 36.44] 2isilver pass w/ sunroof | 131
34:34] 3 3646| 2'tanpu | 133
34:34i 1. 35:54| 1ired pass | 81
34:35, 3 36:50] 2!white hatchback 5 136
34:361 20 36:49) 2!gray pufcanopy 134
34:36/ 3 36:48| 3!gray pass w/ sunroof 133
34:36, 11 35:55(  1lblue suv 80
34:38! 3 36:50] 3|red pass w/ sunroof 133
34:38. 20 36:52! 2.gray pass | 135
34:38i 1] 35:57| 1igoldired van 80
34:39: 31 36:57! 2|white pass 139
34:39! 31 36:53; 3iblack pass | 135
34:40 17 23559 1|black pu | 80
34:40! a1 37:03] 2!gray hatchback 144
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130th 145th |Vehicle Description

time . |lane time lane | travel time

{min:sec) (min:sec) (sec)
34:41 1 36:00] 1|black jeep l 80
34:42 2 37:04| 2black pufcanopy 143
34:42 3 37:00| 2jred pu/canopy 139
34:43 1 36:02) 1iblack suv 80|
34:44 2 37:11]  2|white pass 148
34:45 3| 37.07, 2!bluepass 143
34.45 1] 36:04]  1[black pass ﬁ 80
34:47| 11 36:07] 1|white hatchback | 81
34:47] 2| 37:.12] 2|orange pu | 146
34:48 3l 3655 3{gray minivan a 128
3448, 2] 36,52 3|black pass w/ sunroof | 125
34:50| 20 37:18] 2iwhite pass 1 147
34:50| 1] 3612 1|white pass i 83
34:51| 20 37:17] 2lwhite pu | 147
34:52) 2! 37:200 2lred convertible } 149
34:53| 1] 36:15i 1igray pass ! 83
34:54| 2] 36:59] 3igray minivan ! 126
34:55] 11 36:18] 1|white pass | 84
34:561 17 3620, 1|black jeep 5 85
34:56; 2 37.22: 2'black pass w/ sunroof 147
34:56| 3 37:190  3jtruck/trailer 1 144
34:57! 21 36:54! 2iwhite van 1 118
34:57 1. 236:22] 1iwhite convert. | 86
34:59' 1 36:25°  1'gray pass ; 87
34:59! 2 37:09] 1iblue minivan i 131
35:00! 31 3725 2iwhite suv i 146
35:01! 21 37:26/  2iblack suv [ 146
35:01 11 36:26! 1|black jeep | - 86
35:01; 3| 37.22! 3|gray pass w/ sunroof E 142
35:02! 2| 37:28) 2iblack suv l 147
35:.02! 1/ 36:28] 1'black pass ‘. 87
35:08. 3 37:25.  3iblack pass ! 143
35:04, 11 36:32) 1iblack suv E 89
35:05| 2! 37:30, 2|black pass \ 146
35:05 31 37:260  4iitblue pas ; 142
35:05, 11 36:35  1lwhite wagon ! 91
35:07! 1 36:37]  1|gray pass W/ sunroof e
35.07, 2, 37:33] 2 blackjeep ! 147
35:07! 3] 37:27] 3|blue wagon 141
35.08! - 1] 36:38!  1|red pass 9N
35:09| 3 37:29| 3|white pu/canopy 141
35:09 2| 37:35] 2|black pass 147
35:10| 2] 37:381 2|red/brown wagon 147




130th 1145th Vehicle Description
|time lane ltime lane travel time

(min:sec) | (min:sec) {sec)
35:10 1]  36:41] 1jred suv 92
35:11| 2|  36:44]  1jmaroon van | 94
3512 3| 37.33] 3|black pass | 142
35:13 11 3647, 1|gray pass 1 95
35:13 3] 37361 3lredpu l 144
35:14 2 37.38] 2|cream pass | 145
35:14 10 36:48] 1[graypu ! 95
35:15] 21 37:40] 2iblack pu | 146
35:15| 31 37:37] 3|black pass ! 143
35:16, 1. 36:50] 1ldark blue pass ! 95
35.18| 3. 37:39] 3|white pu l 142
35:20| 2, 37:45] 2|black wagon l 148
35:201 37 37:40| 3ibiack pu/canopy E 141
35:201 21 37:47] 2 white van \ 148
35:22] 2 37:49] 2jblack suv ; 148
35:23i 3 37:41  3iblue pass 1 138
35:23| 1. 36:55] 1|brown pass | 93
35:24| 2. 37511 2lblue pass 1 148
35:25! 1 36:56! 1|black pass } 92
35:26 3. 37:44; 3maroon suv | 139
35:26] 2 37:531 2|black pu ‘ ' 148

T 35261 17 36:58{ 1|black pass ; 93
35271 1: a7.011  1lwhite pass j 95
35:27! 2 37:54, 2:maroon suv i 148
35:28! 3 37:46]  3|black hatchback g 139
35:291 1 37:031 1|black pass i 95
35:281 2 37.56! 2i{black hatchback | 148
35291 3. 37:47) 3|white pass | 139
35:31; 3t . 37:49] 3ibrown truck | 139
35:31] 2. 37:58{ 2|tan pass. 5 148
35:33 1 37:06! 1|black pass E 94
35:341 3 37:52¢  3igray pass ‘1 139
35:34/ 2 3801 2|green /white pu/canopy | 148
35:34] 3. 37:54!  3iblue hatchback 1 141
35:35] 1. 37:31] 3|metro litle bus t 117
35:36! 2 38:03| 2!maroon pu 148
35:36) 3. 37:58] 3|red pufcanopy 143
35:37! 1 37:101  1itan pu/canopy 94
35:37! 2 38:.05{ 2|gray pass 149
35:37' 17 3712 _ 1)maroon pass w/ sunroof | 9
35:39! 1. 37:15] 1igray pass | 97
35:39] 3l - 38:01] 3lmaroon pass 1 143
35.40 2 37:56] 5|biue minivan | 137
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130th i i145th ‘Vehicle Description

time |tane time iane travei time

(min;sec) | (min:sec) _ {sec)
35:41| 3 38:03| 3|black pass 143
35:41 2 38:07) 2lgray hatchback’ 147
3542 1 a7:18| 1|black pass 97
35:42| 2| 38:08, 2l|black pass 147
35:431 21 38:10| 2|maroon pass i 148
35:43] 3] 38:06| 3|black pass i 144

- 35:43| 11 37:18] 1|gray pass '\ 97
35.44| 21 38:11| 2]{black pass w/ sunroof 148
35:45] 1] 37:22| 1|gray hatchback a8
35.46 3 38:09| 3{gray pass 144
35:46| 1 38131  2jblack suv 148
35:49] 1 37:24| 1igold minivan 96
35:49 21 38:161  2|gray wagon 148
35:49 3] 38171 2lyellow van 149
35:50] 17 37:25| 1]black pass 5 96
35:50| 3. 38:11] 3iblack hatchback | 142
35:51 2" 38191 2iblack pass | 149
35:52! 1. 37:28/ 1lwhite minvan L 97
35:52' 27 3821 2iblack pass ! 150
35:53 3 38:13,  3iwhite convert. ?, 141
35:54! 27 38:22] 2ired pass | 149
35:54: 3+ 38:14] 3ibrown pass ‘ 141
35:54. 1! 37:30/  1;blue pass E 97
35:54. 2. 38:24, 2 maroon pass 151
36.93! 2 38:26] 2 black hatchback 5 152
35:56! 3 38:15/ 3iblue pass ‘ 140
3556 1 37:321 1:white pu | 97
35:57! 1.  37:34] 1iblack pass L 98
35:57! 3] 38:17| 3igray wagon E 141
35:58| 2! 38:27!  2{white truck | 150
35509 10 37:36] 1ired pass i 98

36:00i 1 37:38! 1jblack pass j 99
36:01j P 38:29| 2igray pu/canopy | 148
36:01! 31 38:20] 3lblack pass w/ sunroof | 140}
36:03| 2| 38:31] 2'blue pu 149
36.04| 3 38:23; 3iblue pass 140
36:04 11 37:38|  1iblue suv 96
36:05, 2 38:33, 2 'black pass w/ sunroof 149
36:06i i 38:25] 3[tan pass w/ sunroof | 140
36:06i 27 3834, 2/maroontruck/canopy | . 148
36:07! 2! 38:35| 2)white pass 1 149
36:07. 11 37:41] 1lgray pass | 95
36.08! 21 38:36/ 2|black pass ! 149




130th 145th | |Vehicle Description |

time lane time lane [travel time

(min:sec) {min:sec) {sec)
36:09 2 38:38/ 2|white pass 150
36:09 3! 38:27!  3|black pu/canopy 139
36:11 1 37:43] 1|brown pass 93
36:11 3 38:29]  3|maroon wagon 139
3611 2, 38:40| 2)|gray pass w/ sunroof 150
36:12 1i 37:44 1|maroon hatchback { 93
36:13 21 38:42| 2 :black suv l 150
36:14 11 . 37:461 1|motorcycle l 93
36:14 2i  38:44| 2|blue pass 'i 151
36:15 37 3831 3ltanpass L 137
36.16] 17 37.48] 1|black suv i 93
36:171 2° 3845  2igray pass 1. 149
36:18| 1 37:49] 1|maroon suv i a2
36:19) 3 38:07] 5lblack pufcanopy ; 109
36.20] 2: 3847, 2|black pass | 148
36:20! 3. 38:34] 3igray suv | 135
36:21) 1, 37:51] 1|whtie pass 5 91
36:21| 2 38:48/ 2|tan pass % 148
36:22! 3. 3835/ 3iblack pass ; 134
36:23! 3 38:37  3lblue convertible | 135
36:24| 21 3851 2!gray minivan % 148
3624 17 37:53] 1lwhite pu i 90
36:25: 3: 3838/ 3lwhite t-top i 134
36:25 2 38:52, 2!blue/green pass | 148
36:26| 1~ 37:54] 1maroon pass | 89
36:271 3. 38:40] 3iblue w/ black top ‘ 134
36:27! 2. 3833 Sigray pass 5‘ 127
36:28| 3~ 3842 3iblack pass | 135
36:28] 1. 37:56] 1iblue pass | 89
36:29] 27 3856, 2|gray pass w/ sunroof. | 148
36:30] 3. 3846 3lblack suv | 137
36:31} 2°  38:57, 2iblue pass ‘g 147
36:31] 2° 3858 2|white pass ' 149
36:32| 31 3848 3imaroon pass 137
36:33! 2. 3900/ 2|t brown pass 148
36:34] 2. 3901 3|white pass 148

" -36:35 2 39020 2igray conv. 148

36:35) 3,  3850] 3jred pass 136
36:37| 1 37:58/  1|maroon suv 82
36:381 3. 38:51| 3lred/silver pu 134
36:39 21 39:.04| 2!black suv 146
36:391 11 37.59| 1|white suv 81
36:40] 31 38:53]  3|truck and camper 134

50



130th 1145th Vehicle Description

timer lane time lane travel time

(min:sec) (min:sec) {sec)
36:41 3] 38:54] 2|brownired pass 134
36:42 1] 38:02] 1lsilver pass 81
36:43 3| 38:48| 5|black/silver pu 126
36:43 1i 38:05| 1|black pass 83
36:44 | 2/ - 39:06/ 2|black pass 143
3646 20 3907 2lmaroon minivan | 142
36.46]| 17 38:07' 1]silver hatchback | 82
36:48| 21 39:.09] 2|black hatchback \ 142
36:48| 11 38:09] 1|white pass w/ sunroof | 82
36:48 3 38:56! 3itan pass 1289
36:49 31 3857, 3black jeep 129
3850 2. 39111 2!white minivan 142
36:50 11 38:11] 1|black wagon 82
36:51 3i  38:58] 3|black pass w/ sunroof 128
36:52! 2! 39:131  2}white pass , 142
3652 1" 3813l 1lblue pu £ 82
36:53| 2¢ 3915 2|brown/red pass | 143
36:55! 2. 39:17] 2|black suv | 143
36561 1 38:16: 1imotorcycle | 81
3656, 3. 39:00: 3lwhite pass ‘; 125
36.46]| 3. 39:181 3iwhite suv ! 153
36:57' 3. 39:02! 3!silver pu/cancpy “ 126
3658 27 3918 2!blue pass ! 141
36:58. 1 38:18: 1, white pu 81
36:59) 1. 3819, 1'black pu 5 81
37:00! 2. 38:200 2{black pass i 141
37:04 11 38:21, 1|black pass ! 81|
37:03) 3. 39:12! 3|maroon minivan L 130
37:03 1 38:22, 1)silver hatchback I 80
37.04 2° 3922 2!black hatchback 1 139
37:05i 1. 38:26] 1:white pass w/ sunroof | 82
37:06i 3 39:15, 3:itanpass i 130
37:06i 1 38:271  1iblack jeep f 82
37:061 2" 39:24) 2|white minivan 139
37.07] 1, 38281 1|black wagon 82
37:08| 2 39:26] 4/black pass w/ sunroof 142
37:08! 3 39:17'  3|white pass 130
37:09] 1 38:29{ 1:bluepu 81
37.09 2 39:26/ - 2|brown/red pass 138
37101 3 %191  3iblack suv 130
3710l 1 38:30/ 1;motorcycle 81
37:11, 2. 39:27) 2|white pass 137
37:12| 37 39:17] 4iwhite suv 126




|145th |

130th |Vehicle Description

time lane |time lane | ' travel time

(min:sec) | | (minsec)| | (sec)
37:14 3| 39:21] 3lsilver pu/canopy \ 128
37:14 2| - 39:29]  2|blue pass ] 136
37:14 1] 38:32] 1|white pu 1 79
37:15] 3l 39220 3|black pu | 128
37:17! 21 3931 2lredpu | 135

- 37:17| 1] 38:34| 1l|gray pass ? 78

37:19| 17 38:38] 1|white van | 78
37:19 21 39:36] 2|gray hatchback | 138
ar19 3 39:17.  5|white pass w/ sunroof | 119
37:20] 17 38:37)  1lblack hatchback i 78
37:21 31 39:15] 4|gray pass | 115
37:23 10 38:39 1imaroon suv i 77
37:25 10 38:41; 1|black pass | 77
37:26| 3, 39:25  3|white pass | 120
37:26! 1,  38:42] 1lblack pass | 77
37:28| 1i 38:43: 1 white van i 76
37:31| 3] 39:28| 3|red hatchback \ 118
37:32! 1 38:48: 1|gray pass } 75
37:351 17 38:481 1ired convertibie | 74
37:36, 31 39:30i 3iblue minivan ‘! 115
37:38/ 17 3850, 1iblack puw/ ladder ! 73
37:38| 17 38.52 1 black pass w/ sunroof | 75
37:41) 1 3854, 1 gray pass w/ sunroof | 74
37:43 1 38:55. 1:black pass ; 73
37:44] 1, 38:56: 1ilt blue pass ‘5 73
37:47! 31 3920 3jblack pass ‘ 103
37:47) 1-  38:58! 1.red pass i 72
3749 1. 32:00: 1itanvan 1 72
37:50| 31 39:33/ 3igray suv ! 104
37:51 11 39:.03; 1iblack minivan g 73
37:52! 3 39:25  5:black pass ﬁ 94
37.54! 2 39:35  2'black pu/canopy 102
37:54] 1 3905 1ired pass 1 72
37:56 . - 39:07° 1ired pass | 72
37:57| 21 39:38! 2:black pass | 102
37:57! i 39:34i 3lred pu w/ trailer | a8
37:58| 1°  39:09. 1,gray pass \ 72
37:591 2! ag:41, 2'black pass [ 103
37.59| 3] 39:40{ 2|black suv 1 102
38.01 2] 39:43] 2lgray pass | 103
38:01! 3] 39.37'  3lblue pass w/ sunroof | 97
38:02] 1 39:10{ 1|white utility truck | 69
38:03 21 39:44] 2!black pu | 102




130th 145th Vehicle Description

time lane time lane travel time

(min:sec) {min:sec) {sec)
38:04 1 39:12| 1\maroon pass 69
38:05 2 ag:.45| 2|white pass 101[
38:06 3 39:40| 3lgray pass 95
38:07 2 39:461 2|black pass 100
38:08 1, 3914} 1igray pass | - 67
38:00| 2. 39:48 2|maroon pass w/ sunroof | 101
38:09 A 39:17) 1/marcon pass | 69
38:10 ! 3¢:42!  3|maroon pass | 93
38:11 1 39::18]  1lblue wagon | 68
38:11 20 3851 2|white pass [ 101
38:12 31 39:47: 3lbrown jeep | 96
38:13 2! 39:51:  2|silver pass | 99
38:14 1, 39:20] 1|black pass ! 87
38:14 31 39:48/ 2|gray pass i 95
38:14 2 39521 2ltanvan | Q9
38:15| 1 3921 1lred pu ‘ 67
38:16| 2! 39:54, 2!black pass 99
38:16! 31 38:48! 3isilver minivan ; 94
38:.17! 2 39:56] 2iredpu i 100
38:18| 3 39:51:  3igray wagon | 94
38:18i 10 39:22! 1|black pass | 65
38191 - 27 39:58! 2imaroon pass i 100
38:20 3 39:52°  3itan minivan | a3
3§:.201 1 39:24°  1,gray pass ! 65
38:21] 2 3959, 2!black pass ! 99
38:22] 2 39:54. 3iblack convertible | 93
38:221 1 39:25. 1iblack minivan , 64
38:23| 37 3957 3ibronze minivan L 95
38:24 1 3927, 1!white hatchback 1 64
38:24| 2 40:01y  2:gray suv L 98
38:25: 3 40:01' 3iblack pass | 97
38:25, 1 39:28'  1:blue pass ! 64
38:251 2'  40:02! 2!black jeep ] g8
38:261 3. 39:57] 5iblue pass | 92
38:27! 3;  40:011 3ired pass ' 95
38:28/ 2 40:05/ 2!black pass 98
38:28| 1 38:291  1!black pu 62
38:29 3 40:031 2ired pu g5
38:29| 2 4006/ 2!black pass w/ sunroof g8
38:30! 1 39:300 1iblack suv , 61
38:31| 31 40:03] 3|gray pass 1 93
38:32] | 39:32) 1iblack pass | 61
38:32! '3 40:06] 3lblue van | 95

93



130th 145th IVehicle Description

time lane time lane travel time

{min:sec) (min:sec) {sec)
38:33 2 40:07| 2|gray van 95
38:34 2 40:08| 2|silver pass 95
38:34 1 3%:34| 1|black suv 61
38:35| 3] 40:08| 3igray pass | 94
38:36/ 2, . 40:10]  2|brown pu 1 95
38:38| 11 39:361 1lblack pass w/ sunroof | 59
38:38| 2! 40:14; 2|blue minivan L 97
38:39 31 40:11[ 3iwhite pass l 93
38:40| 3] 39:41] 1|whitevan’ .L 62
38:40! 21 40:16| 2!red pass l 97
3841 - 1] 39:37] 1|black pass ‘; 57
38:41! 3 40:04]  5iwhite van 1 84
38:43 11 39:39, 1|marcon pass | 57
38:43] 20 40:47]  2igray pass wi sunroof | 95
38:44) 3l 40:131  3lwhite suv i a0
38:44) 27 40141 3igray pass ﬁ 91
38:45: Al 40.06, 5iwhite pass w/ sunroof | 82
38:46' 20 40:18  2!black suv 1 93} -
38:47" 1 40:20! 2!blak pass | 94
3848 1 39552, 1|CTbus 1 65
38.48] 31 40:17.  3iblack pass ! 90
38:49] 1. 39:54; 1'black pass | 66
38:49! K] 40:18.  3:iwhite pass ! 30
38:50i 2 40:22! 2 blue pass | 93
38:51! 17 3954, 1 .black pass W/ sunroof | B4
38:51. 27 40:131  1iblue minivan ‘i 83
38:51! 3] 40:191  3iwhite pass w/ sunroof % 89
38:52. 11 39:55 1:red pu/canopy | 64
38:53! 31 40:211  3ibrown/tan vw van | 89
38:53. 21 40:24! 2 black pass | 92
38:54: 1 39:57° 1 maroon/silver pu ‘ 64
38.55 2 4025 2 blue pass w/ sunroof | 91
38:551 17 39:58, 1:black pass ! 64
38:55] 3y 40:23)  3ired pass : 89
3857 17 39:59! 1;gray pass | 63
38:57 20 40:28! 2'yeliow bug | 92
38:57! 3 40:25. 3 maroon pass 89
38:591 2! 40:30!  2iwhite pass 92
38:59| 11 40:00/ 1iwhite van 62

94



APPENDIX C: MOBILIZERDATA - RIGHT LANE

Destination _ ongin
ime d time id travel time
106.25 10048 2.50 10375
115.00 10053 20.75 8475

117.79] 10094 8.2

109.50

118.00

79,

145.

Highlighted Vehicles Are Also Mobilizer Matches



estination

time

fravel time
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APPENDIX D: MOBILIZER DATA—MIDDLE LANE

estmahon Ungin
ime id lime iad rave: time

82.79 10041 7.00
§6.00 10043 11.50
107.00] 10057 12.75
108.25] 10058 12.75

713007 10059 40.25 1
126.00] 1006k o0.50 2
131.501 10069 64.00 2
138. 10072 60.50 23
144.751 10074 B2.73 26
176.00] 10088 84 .50

189.50 101001 112.00 45

206.75 101041 103.20
218.00 101107 105.50
223.00 101137 110.50
- 230.00 101177 108.2
232 10118  105.5
237.25 101200 103.29
241,75 10123, 110.50
250.5U 101281  110.50
259.00 101231 118.0
- 2671.00 10131] 119.00
Byl REen L i) ER R L) KR
266.50 10134 103.2
270,90 1013 T08.25
281.00 T0T3 T15.00
285.50 1014 140.50
.25 1074 119.00
287.75] 101 T18.00
289.50 1014 119.00
294,25 1014 149.25

JlH

03B 10157 13950

Highlighted Vehiclesare Mobilizer Matches



esiination

ongin |

|

time

fime

lid

~ Ttravel time_
___(ravel

309.45

10154

139,90

o6

189.7/0

311.00]

10150

138.90

o6

172.00

313.0U

10157

139.00

20

174.00

31/7.00

10100

139.0U

56 177.00

T35

B[ 2B B0 i TAA ] il LM

301.79

283.25

301.70

32719

340.79

351.25

3571

346.79

3468.75

351.25

- Jok

[ aiad A SR s
384.49

3d89.20

B3 [+ 38T. 40 )i+

402.00
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estination Origin |

ime id time id (travel time
917.45 10275 398/./0 107 T129.50]
914.00 T0276] 38/7./0 107 1312
931.00 10284 4UZ.00 175 129.0
: #3100 19
A0 A A UZOF | 7 &30 50 | o ria-L O [remsire
249.90 T0£93)  421.9U 185
568.50 T0300] 4398.0V 270
574.75 10304 46125 -~ 27b
4.7 10324  481.45 . 133.50
818.25]  1032e] SU2.75 2381 - 110.
620.25 10328] 43/.00 232 123
835.25] 10337} 925.5U 249 108.75

pergtd

694725 1 .
—696.25] 1036 274 112,50
698.75{ 1036 275 11400
AU U el Uo00 e 1481 el U
~ 710.75] 10370 278] 119.0
712.25] 10377 . 275 12750
737.25] 10379 609.25 287 128.
74550] 10380] 609.25 2871 136.25
765.00] 10388] 638.00 /7] 127.00
76800 10390] 638.00 297]  130.00
77450]  10393] 638.00 2971 136,

778.25) 103% 644.79 301 133.
781251 103%7] ©42.25 300 139.00

827.25 104211 708.00 332 11775
834./2 104 703.29 330 131.50
838.49 104271 703.29 330 135.00
8435.00 104301 728.45 338 116.75
84875 ~ 10432] 709.5U 332 139.25
800.0u 104 709,90 332 140,50
g28.29 104371 703.25 330 192.00

86450 104411  708.90 334 150.00
866.00] 10442 /708.50 332 196.0U
g8o7.50] U 703.49 330 164.29




estination

1me

id

(traveltime |
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APPENDIX E: MOBILIZERDATA—HOV LANE

estination Ongin 1
ime d time id (traveltime
67.50 Bo4./5
70.72 Bb.25

103 64.50
11 64.00
109 70.50
I LD [+ ReimBB D

Highlighted Vehicles Are Mobilizer Matches



102

Desfination (Origin | l
time id (time id ~(traveltime

245.75
MEZLLE
271.25 .
35825 10166| 289.50 141 68.75
360.50] 10168 288.00 140 72.50
361.75] 10169| 289.50 141 72.25

68.75,

363.50] 10170] 289.50 141 74.00
365.75] 10171] 289.50 141 76.25
403.00{ 10185 326.75 157 76.25

413.75] 10188] 340.75 164 73.00
443.00] 10199 363.75 174 79.25
444.00) 10200

1.!.0”2..1"5 B o ol B, 4

P YAV K

il




estinatio Ongin
ime 1d fime id travel ime
BUL. 7D 73.25
605.25 ©5.0U

608.25

R

76.20

fors et
TS

0372 705.75
797.25 10379 723.00
79950 10380 721.00
830.00 10397 746.75
B40.00 10403]  765.00
85125 10408 776.50
8671.50 10413 787.25

mmmzmzs Taeey

Siaaey, U025

e - 3 LR A j.;."

812.7/2

839.25




APPENDIX F: MOBILIZER MATCHES WITH THE TRUE POPULATION
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MIDDLE | Lﬂ iq _ S R SO EE U —
Moblllzerl"Correct" Matchéé—_ i—f ”_ R True Popuiéﬂaﬁm_'_ T _j '77—_"_-#‘—_
destination - lorigin __\ “ltravel origin |destination |adjusted | o "A——'#'—“_-Ti_
tme |id  |me _ _|id |travel " ltime |tme |travel time |description R
~goaz8| Torss| i2zs| @] 1sa00| _ |75si| " Pe3i| T oruniepass
30050] 10150{  149.25| 62| 151.25 “|26:28]  28:59 ti_ 162|blue minivan_~
“32050] 10161) 170.75| 73| 149.75 2650|2918 150[black pu )
347,000 10171| 18475 79| 162.25 27:04|  29:46| _ 163{white puicanopy
350.50) 10174| ~ 200.00] 86| 150.50 5749|2949 151 |whitepu o
"352.25| 10175 200.75| 67| 151.50 2720] ~ 29:51|  152|marcon pass wi sun.
T36375| 10182]  229.25| 92| 13450| 27:32|  30:02] __151[iblue pass _
371.00] 10186| 239.00| 96| 132.00| 2757 3040 134|gold suv_ .
"396.25! 10200|  269.00| 113| 127.25 28:28|  30:35| _ _ 128|white pu -
368.00( 10201| 270.50114| 12750)  |28:30| 56:_3?%' " T128|blue hatchback
|409.00| 10208|  285.50| 124] 123.50 28.45| 3048 124 gray pass
464.75| "10243| 35126/ 153| 113.50 T [295 31:43]  113|blackpass
" 466.00] 10244|  352.25|154| 113.75 2052| " 31:44|  113|dark blue W/ sunroof
" 480.75| 10254| _ 374.00|162| 10875 30:14 31:59]  108]blue hatchback
502.00] 10267| 39650{171| 106.50 ~ 3038 : 32:20 105|green van w/ ladders
546.50] 10201| 430.50{200| 107.00|  |31:18 33.02 105|white pu
58325 10308] 46600219 117.25] _ |31:45] 3341 117 |silver suburban
601.50] 10317| 482.75[230] 11875  |32:02] 34:00 119]silver pu
657.75| 10346|  547.50]260| 11025  |33.07 34:56 110|gray pass
T 659.50] 10347| 548.50{261] 111.00 33:08 3458]  111|pu w/ white canopy
" 685,50 10356|  577.50|272| 108.00 3337 3524 108|marconpu
702.00{ 10366 599.50|281| 102.50 33:59 3540|  102|whitepass
§71.00| 10445 71825334 152.75 35:58 38:27 150 |white truck
§76.00| 10448| 726.25[337| 149.75 36:06 38:34]  149]maroon truck/canopy
87825 10452] 728.25/338| 150.00 36:08 38:36 " '149|black pass

s01



HOV - B [
Mtz Corect Matches rrue Popuiation | T
destinaion _|origin -l liravel | |origin |destination |adjusted | T
time  Jid time  lid travel | time |time _|travel time | description
74.75| 10031 450[ 3| 7025 |24:06] "25:15) 70!Blue passenger
8150 10035  13.75] 7 8775  |2414|  2521)  68)White passenger
8325 10036 1525 8| 6800 |2418] 2522 _67|motorcycle
'87.50] 10038 1950 10| 68.00|  |2420| 2527 “B8|RedSUV
g0.50| “70038| " 21.50| 11[ 68.00|  |24:21 25:29 “69|ble sedan
9525( 10041)  26.00| 14| 69.25 24:26 25:35| 70lredminivan
153.00] 10073| 7625| 47| 7375 2519 26:32 “7alblackpass.
16450, 10074| 75.75| 45 7875 25:20 2633 7alsiiverpu___ o
158.00] 10076| _84.75| 50| 73.25 26:24| 2637 74/it. Biue suv _
159.60) 10077|  8675| 51] 7275 2526 2638 73jblackpu .
163.25| 10079 91.25 53 7200 2530  26:42]  73jredsuv ]
i64.25| 10080 9275| 54| 7180 |28:32| 26143 ___ 72ired pass.
309.50| 10138|  240.75|116] 68.75 28:00]  20:08] __ 69|yellow taxi I
32020 10148| 26450126 6470 ~ |2824] 2928 0% maroonpass
“471.00{ 10212| 40075/ 195 70.25 30:40]  31:50 71|black pass
48750 10220 415.75[202| 71.75]  |30:565] 3206 72|tan van
498.50| 10225 424.75/208] 7375  131:04 32147 74|jeep
51950| 10236 44475(221] 7475  |31:24 32:38 75[ white minivan
523.00] 10239 449.05|224| 7375|  |31:28 32:42| 75|black suv
532.00| 10243 458.00|228 7400 |31:37) 3251 75|red pu
541.25| 10248|  46850(233 7275|3148 3300]  73|maroonsuy
§69.75| 10260  49500|245 74.75 3214 3328[ _ 75|black pass_ -
579.25| 10265\ 50850|250| 72.75 32:26) 33:38| 73|gray van
55275 10267| 51125252| 71.50  |32:31) 3341 " 71|black pass w/ sunroof _
536.00| 10275| 525.75/259] 70.25 3546 “33:54] 70|black pass wi sunroof

901



“599.75] 10277] 52050[261] 70.25]  |3249]_ 3388] __ 70fedjeep ______|
618.25| “10288| ~ 547.00(270] 7125] ~ |3306|  34:4) 69 (dark gray pass _
639.75| 10299| ~ 570.00(282| 69.75 3329| 3438 ~ 7O\whitepass
'641.00| 10300|  57150|283| _69.50| = (3331  34:40| __70|maroonminivan
653.25( 10306| 581.75288| 71.50| 3341| 3452 _ 72|red pass .
§58.50| 10310 588.00|201| 70.50|  |33:46 34:57|  7o|black hatchback
| 662.75| 10324  606.50| 33| 7625 [34:06| 3521 76|black minivan
691.50| 10329 614.00 307| 77.50|_ | 34:13 35:30 78|blue pass
692.50| 10330|  615.00[308| 77.50| . |34:14|  3531)  78pblack suv N
706.25| 10338 e27.75|315| 7850 | 3427 9544  TSlwhitepass
721.00| 10346/ 640.25/323| . 80.75|  |34:40 3589 80|black pu .
868.75| 10417 _ 7875|396 8150 | 3501 3pog| .. BOblackjeep .
881.00| 10425/ 80425/ 407| 76.75 3723 . 3839l  77|marconswv
690.000 10430\ .. .. .| .| 7425 37:35 38:48 74{red convertible
815.75 413
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