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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 

analyze the travel times for vehicles in the HOV lane along the designated segment of 

Interstate 5 in Seattle, WA. The data extracted in this study are subjected to two separate 

analyses: an examination of the accuracy of Mobilizer collected travel times and a 

general comparison of the travel times for the three separate lanes. The statistical validity 

of the travel time estimates resulting from Mobilizer analysis are 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 all 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 approach 

applied. Following the outline of the testing procedure used to evaluate the Mobilizer are 

the results of the Mobilizer evaluation and the comparison of travel times in the three 

lanes studied. The final chapter consists of the recommendations and conclusions about 

the Mobilizer and the travel times being experienced along the northbound route of 

Interstate 5 in Seattle, WA. 



CHAPTER 2: LITERATURE REVIEW 

Statistics garnered from travel time surveys can be useful for planning, 

design, and operational studies, in addition to being able to assess alternative 

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 various forms of video imaging, such as the 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 Schroederj, 

and the user's guide of "Quantifying Congestion" (Lomax, Turner, and Shunkj. 

"Assessing Vehicle Detection Utilizing Video Image Processing Technology" 

(Hartmann, Middleton, and Morris) offers short summaries of current detection methods 

as well 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 Specifications and 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 this study. The various methods of travel time collection chosen for summary 

include: 



Floating car surveys: 

Electronic Distance-Measuring Instruments (Dm's), 

Global Positioning System (GPS) receivers; 

License plate matching: 

Manual Collection, 

Lap Top computer; 

Probe Vehicle: 

Automatic Vehicle Identification, 

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 traftic 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. The driving style and judgment of 

the driver will effect the recorded travel times (1). Distance Measuring Instruments 

(DMI's) and Global Positioning System (GPS) receivers are among the various 

technologies that can be used in conjunction with floating car surveys to increase data 

accuracy. 

Once a test section has been identified, travel time is 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 can be 

repeated a number of times to determine the overall average travel time. Additional data 

can be collected by recording the times that the test vehicle passes pre-established 

checkpoints. Suggested checkpoint locations include: major interchanges, major 

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 checkpoints by 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 

s w e y s  (1 & 2): 

Advantages: 

no special equipment requirements, 

positively identified travel time measurements, 

easy to record travel times between intermediate roadway points, 

ability to record delays or incidents affecting travel time during 

collection process. 

Disadvantages: 

extensive staffing necessary for driving and recording data for a large 

number of travel times, 

extensive staff time necessary for data transcription, 

cost due to staffing needs, 

difficulty in funding the necessary amount of data collected, 



accuracy problems associated with correctly recording times at 

checkpoints, 

accuracy of travel times dependent upon the judgment of the driver, 

vehicle characteristics can influence collected travel times. 

ELECTRONIC 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 D M  method include: driver, vehicle, electronic DMI, and data collection 

sheets for easy data recording. The DM1 is an electronic instrument that when attached to 

the test vehicle's transmission receives a series of pulses from the transmission. The 

frequency of the pulse series transmitted is directly related to the distance being traveled 

by the test vehicle. The D M  translates 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 

electronic DMI's (3): 

Advantages: 

improved cost effectiveness and safety, 

decreased time for data reduction and analysis from portable 

computer, 

detailed travel time and delay information, 

characteristics of acceleration and deceleration calculable. 



Disadvantages: 

labor intensive, 

travel times only as accurate as driver's judgment. 

GLOBAL POSITIONING SYSTEM (GPS) RECEIVERS 

Global Positioning System (GPS) receivers can also be used in 

conjunction with the floating car technique to automatically collect travel time data. GPS 

for travel time collection requires a vehicle, a driver, a GPS receiver, a portable computer, 

and Geographic Information System software for automatically reducing and viewing the 

collected data (1). GPS uses a satellite system to continuously track the location of a 

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

monitored. 

Advantages: 

8 travel time measurement is actual and not estimated. 

Disadvantages: 

large number of probe vehicles required for accuracy, 

public wariness due to privacy issues. 

LICENSE PLATE MATCHING 

An advantage the license plate matching technique has over the floating 

car method is that it collects data from the real traffic stream rather than measuring travel 

time along an arbitrarily selected path at the driver's estimate of the average stream 



speed. License plate matching data collection is accomplished by observers noting the 

license plates of passing vehicles along with the current time on paper, computer, or even 

into a tape recorder. 

MANUAL COLLECTION 

At least two people are 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. Usually one person is required per lane per location for manual 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 algorithm that processes the 

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). 

To match license plates with the help of lap 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 

entries as well as to aide the recorder in collecting a large number of plates quickly. 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-destination information (2). 

Advantages: 

large sample sizes per data collection period, 



representative estimate of fravel times provided by random sampling, 

speed profiles for study sections available from collection of travel 
times at small time intervals, 

computer entry more cost effective per travel time run than the floating 
car technique, 

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

Disadvantages: 

potential data inaccuracy from incorrectly read or matched plates, 

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

high initial cost of equipment, 

manual operations have been characterized by unacceptably high rates 
of error in data collection and processing (S), 

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 

periodically 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 time information on a real-time basis. 



AUTOMATIC VEHICLE IDENTIFICATION 

Automatic Vehicle Identification (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 canied 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 locations where a 

roadside detection device has been placed. AVI systems can provide very accurate 

travel time measurements from uniquely identified vehicles. Unfortunately, the accuracy 

and reliability of the travel time data is dependent upon the number of transponders in the 

tr

affi

c stream. If a bias exists in the vehicles carrying the majority of the transponders 

(i.e. commercial vehicles) then the travel tlmes will subsequently cany that same bias. 

An AVI study was conducted by the Texas Department of Transportation 

(TxDOT) to provide travel time information for a 120 mile stretch of freeway (7). 

TxDOT 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 alternative transportation routes and to encourage the use of the HOV and toll 

facilities in the area. 

20-mile sections of 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 all 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: 

real-time travel information collection and distribution by M~ 

information center, 

error associated with floating car eliminated, 

low operating cost after transponders have been distributed, 

little disruption to traffic during installation process, 

compatible with fleet management or toll collection technology. 

Disadvantages: 

high initial equipment costs (readers, transponders, etc.), 

tag acquisition and display required by motorists, 

travel times limited to fixed routes and checkpoints. 

Automatic Vehicle Location (AVL) permits the location of a vehicle to be 

known automatically by the use of transmitters camed within the vehicle. The 

transmitters can 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 post, 

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

location reports. 

Various AVL technologies exist: signpost, ground based radio navigation, 

and global positioning AVL. Signpost AVL systems employ 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 



triangulation. Additionally, differential GPS uses local towers in conjunction with 

satellites to increase GPS accuracy. 

Advantages: 

real time travel information collected at frequent intervals, 

human error eliminated, 

not limited to fixed routes or checkpoints, 

compatible technology with fleet management. 

Disadvantages: 

high initial costs ($1000 - $4500 per vehicle), 

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

CELLULAR PHONE TRACKING 

Cellular phones can be used for evaluating travel times through a 

geolocation/tracking technique. Geolocation processes locate vehicles using cellular 

phones within the desired traffic stream 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 all the locations of the 



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

control center. 

The Texas Department of Transportation (TxDOT) conducted a 

demonstration project designed to use cellular phones for traffic condition data collection 

(8). TxDOT recruited 200 commuters to report traffic conditions and traffic incidents 

affecting the trafXc 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 along a 20 mile 

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

between the stations. 

Advantages: 

minimal installation costs due to cellular phone popularity, 

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

Disadvantages: 

large investment to track phone calls at control center, 

tracking limited to cellular phone holders and cellular phone ranges, 

potential public disapproval for privacy concerns. 



INDUCTANCE LOOP SENSORS 

Wire loops placed in the roadway, acting as inductive units, send a signal 

to a controller when vehicles pass over them. A study conducted by the University of 

Washington investigated the methodology of converting raw binary loop data into travel 

time and speed data (9). Inductive loops are the most common traffic detectors (10). 

Loops provide data such as occupancy, traff~c counts, and vehicle passage. Speed and 

travel time data can be obtained from dual-loop configurations. 

Advantages: 

inductance loop detector popularity. 

Disadvantages: 

relatively high loop detection rates (lo%), 

installation and maintenance, 

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 within the field of view (FOV). Detectors alert 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 image is "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 tr&c parameters such as: density (vehicles per mile 

per lane), speed, volume, presence, and queue lengths. In addition to providing real-time 

measurements, video imaging also 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 a s  more traffic flow parameters than inductive loops. Queue presence as well as 

density tend to be more qualitative descriptions of tr&c behavior. Loop detectors 

provide only a quantitative measurement. Video captures data in real time footage that 

can either processed into quantitative measurements or 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" (1 1). Many imaging systems are 

providing thousands of pictures per second. 

In addition to the wider range of data supplied, video imaging is also 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 questionable that they would be able to last longer than a year at a time" 

(12). 



Table 1 : Video Image Processors vs. Inductance Loops 

VIDEO IMAGE TRACKING SYSTEMS 

Four Advantages of Video Image Processor over Inductive Loop Detector (13) 

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 

processors tested and summarized are the Autoscope and the Traffic Analysis System. 

1 

2 

3 

4 

Advantages: 

potentially low operating costs compared to equipping probe vehicles, 

video usable to verify and respond to accidentshncidents. 

Multilane coverage and potential installation and service advantages. 

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

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

The Detection Zone can be programmed to detect queues and turn patterns. 

Additional traffic data (vehicle classification, tracking, incident prediction, visual 

accident confirmation. 

Disadvantages: 

technology has not been extensively tested, 

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

public disapproval 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 class of the vehicle length (14). Autoscope reliability is dependent upon camera 

placement. As with the majority of video image processing systems, the ideal camera 

location for maximum accuracy is immediately above or adjacent to the roadway under 

study. 

The Tr

affi

c Analysis System 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 

Analysis System also offers data on a per lane basis such as average speeds, densities, 

occupancies, and number of vehicles. 

MOBILIZER 

The Mobilizer is composed of two subsystems: a Track Node (TN) which 

interfaces with the camera at the roadside, and the System Manager (SM) which 

processes the TN inputs 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 visual 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 calculates each individual vehicle's flow characterization born its track 

and into output data. Output data is 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 acceleration. 



When more than one camera location is monitored by the SM, the 

Mobilizer has been designed to estimate travel times from one camera location to another. 

At each camera station, vehicles are tracked within the field of view. The Mobilizer 

gathers its information by taking as many "looks" at each vehicle as possible within the 

field of view. The information gathered from these "looks" is used to extract details from 

the physical characteristics of the vehicles being tracked and to create a vehicle 

"fingerprint" (16). Each vehicle tracked is also given a unique track identification 

number. The System Manager (SM) compares the vehicle fingerprints from the two 

locations and will estimate the travel times between them for every match that is found. 

HIGH OCCUPANCY VEHICLE (HOV) LANES 

Two documents have been used to evaluate the effectiveness of 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 guidelines for HOV lane viability are congestion, travel 

time savings, person throughput, vehicle throughput, capacity improvement, local and 

public support, enforceability, cost effectiveness, and physical feasibility (17). Fuhs 

reports that travel time savings for HOV lane users should be approximately one minute 

per mile from origin to destination. Five minutes is considered to be the minimum of 

overall savings. A time savings of eight minutes between the origin and destination is 

desirable (1 7). 

The "Washington State Freeway HOV System Policy" takes the stance 

that HOV lanes should offer reliable speeds and travel time advantages to HOV users. 

The existing policy for the HOV Speed and Reliability Standard is as follows: 



"HOV lane vehicles should maintain or exceed an 

average speed of 45 mph or greater at least 90% of the 

times they 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 

Seattle, 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 camera fields of view. The section of 

freeway has five northbound lanes: four general purpose lanes and one HOV lane. Only 

the three outermost lanes were chosen to be studied due to the field of view restrictions of 

the camera. 



Figure 1: Study Site Location 



Figure 2: Field of View at 130th St. Location 

Figure 3: Field of View at 145th St. Location 



The sites were chosen for the following attributes: 

HOVlanes, 

calibration marks on the roadway, 

overpass at approximately 90 degree angle with sidewalks, 

unimpeded view of roadway below overpass, 

adjacent overpass sites. 

Calibration Marks 

One of the notable features about the two camera locations were the 

pavement section joints within the camera fields 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 a field of view is 

recommended. For this reason the raised pavement markers within the roadway were 

used as well as the pavement section joints for improved data accuracy. 

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 compensates for both sudden 

changes in background conditions and general shifts in gain. Sudden shifts in 

background conditions are caused by changes in the general 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 



that would remain in the scene would be large dark or light spots with the rest of the 

scene completely washed out. 

Ideal ACG regions would consist of signs tilted 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 camera's field of view is free 

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 strategically 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 simultaneously in two different locations, the time 

stamps allow the time codes on the video segments to be translated into the real collection 

times during the data processing stage. However, if real time data were desired and the 

prpper equipment already in place, simultaneous real time collection would easily be 

viable. 

The camera was set 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 manual 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 Mobilizer analysis is 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 



microphone was included in the camera equipment for recording the audio time stamps 

relayed by the walkie-talkies between the data collectors in the field. 

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 all 

three lanes being studied. During the video taping the radar gun was used to "shoot" 

speeds 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 simultaneously 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 as the "right," "middle," and 

"HOV" lanes, as defined within Figure 4.. The HOV lane is the outermost lane on the 

left side of the roadway that has been separated from the rest of the general purpose lanes 

by a wide white stripe. The "middle" 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" 



lane and two lanes from the HOV lane. Although the roadway is composed of five lanes, 

only three of the lanes were studied. 

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

DATA EXTRACTION 

Two methods were used to extract the data from the video segments 

collected. m e  first was a manual extraction and the second was an automatic extraction 



using Mobilizer. The manual method determined the true travel times against which the 

Mobilizer results were evaluated for accuracy. 

A time code was included on both of the video records to assist in the 

manual data extraction. An observer watched the fifteen minutes of tape and recorded the 

times and lanes of all the vehicles within the fifteen minute segments of the tapes. 

Distinctive marks were chosen on the images of 130' and 145' (the pole and the 

maintenance hole cover, respectively). Each time a vehicle in 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 

vlewer to 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 cars in 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. There is only 

one northbound off-ramp located right before the 145" overpass, see Figure 5. Every 

vehcle that passed through the 130' FOV did not necessarily continue on to the 145' 

FOV. However, every vehlcle that was seen within the 145" FOV had to pass through 

the FOV at 130" Street. A11 of the vehicles within the 145" FOV were matched with the 

same vehicle within the 130" FOV. 



145" Street NE 

130' Street NE 

Figure 5: Off-ramp Between 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 



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 ID 

numbers for the origin/destination matches listed in the log files. The matches can be 

manually 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 individual 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 a time for this segment of video 

with the Mobilizer was due to the large variability of travel times at the beginning of the 

video segment. All three lanes were running at 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 initial travel time estimation process. Steady 

state refers to conditions with all vehicles traveling at a constant speed. There is no 



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 several 

minutes of free flowing data during the initialization process. During steady state 

conditions the 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 takes for the first vehicles in 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 the initial estimates, converging on the correct travel time. If the initial 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; potentially taking longer to converge than the digitized video 

segment under analysis. Once the system converges, it constantly updates the vehicle 

dynamics by using previously 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 real 

time over long periods of time. Instead of waiting for the Mobilizer to converge on its 

own, it was found to be more eficient 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 estimates is relative to sample size, the sample's 

population variance, the statistical confidence level desired, and the error allowed within 



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 population was 

calculated and used to determine reliable estimates of the error within the Mobilizer 

samples and the accwacy of the travel time data. The Mobilizer was tested for a 95% 

level of confidence with the following formula (20): 

[Equation 11 

Where: 

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

s = standard deviation from the tested sample, 

z = test statistic constant corresponding to the given level of confidence 

( ~ 1 . 9 6  for a 95% level of confidence), 

e =permissible error (precision) of the estimate of the true mean. 

Additional descriptions of the statistical approach and hypothesis testing have been 

described in detail within the analysis of the results. 



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 times for the various lanes and a general 

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 manually with the Mobilizer analysis of the 15 

minutes of 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 manually 

matching all the vehicles within the camera FOV at the origin and destinations. The 

second set of data are the original 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 final set of data is a subset of the Mobilizer 

output: the "correct" matches (again, obtained manually from the video) in the entire 

batch of Mobilizer matches. The "co~~ect" 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 

match the origin vehicle with the vehicle preceding or following the match-vehicle at 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 

Mobilizer 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 all the Mobilizer matches and the Mobilizer matches, in 

turn, being a reliable subset of the true population. Two steps were used to determine the 

accuracy of Mobilizer-collected travel times. The first 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 

....... - ........ .... ...... .... 
f "Correct" Mobilizer .. 

.J Matches True Population : 
.......................... 6 

.*.. ... .. ..... .... 
9.. ....a. ... .................... 

Figure 6: Sample Groups 



The first assumption focuses on showing that the Mobilizer matches are 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 estimates in 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 all, Mobilizer "matched" 278 

of the 1159 vehicles within the true population. The Mobilizer is unable to match lane- 

changing vehicles. The fifty vehicles that 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 times twice. However, the vehicles that do move 

between the middle and right lanes are represented in the total general purpose (GP) lane 

heading. The GP lanes are the combination of the middle and right lane travel times plus 

the travel times of the vehicles changing lanes between the middle and right lane. 

Table 2 : Comparison of the True Population with the Mobilizer 

To determine a 95% confidence level in the Mobilizer correct matches, the 

following statistical equation was used: 

True Population 

# of Vehicles Matched 
by Mobilizer 

Middle Lane 

370 

Right Lane 

328 

5 5 

GP Lanes 
(Right and Middle) 

748 

HOV Lane 

41 1 

121 176 102 

- 



Equation 11 

Where: 

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

s = standard deviation from the tested sample, 

z = test statistic constant corresponding to the given level of co

nfi

dence 

( ~ 1 . 9 6  for a 95% level of codidence), 

e = permissible error @recision) of the estimate of the true mean. 

A significant test of the true population and Mobilizer data is the statistical 

validity 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 constitute the majority 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 equivalent estimates provided by the 

Mobilizer. 



Table 3 : Comparison of True Population and Mobilizer Statistics 

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 Mobilizer 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 observing a value of the test statistic "that is at least as contradictory to 

the null hypothesis, and supportive of the alternative 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 

mean travel times are not significantly different from the means of the true population for 

all of the lanes studied. P-values are determined by first calculating a test statistic, z (see 

Equation 2). The p-value is then determined from the normal distribution curve and is 

directly associated with the computed test statistic, z (see Figure 7). 

Where: 

z = test statistic, - 
y = mean of the sample, 

p = true population mean, 

a = standard deviation of the true population, 

n = sample size. 

[Equation 21 

Figure 7: Normal Distribution Curve - p-value and z relationship 



To further demonstrate the accuracy of the Mobilizer travel time data the 

error associated with the Mobilizer sample has been determined at a 95% level 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 Mobilizer to be a reasonable tool for travel time collection. The largest 

error, 4.57 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 approximately 5 

seconds. Five seconds of error correspond to 4% of the 118 second mean travel time, a 

negligible amount. Statistically 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 sample along with a z of 1.96 for a 95% co

nfi

dence level. 

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 all cases, the sample size of the 

Mobilizer exceeded the sample size necessary to have a 95 % confidence that 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 allowable 

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 

matches in 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 



Mobilizer reports are not "correct" matches. "Correct" matches consist of the same 

vehicle being identified by the Mobilizer at both the origin and the destination. 

Oftentimes the Mobilizer will match a vehicle at 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 needs all of the matches to 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 

"comctly" matched 84 of the 278 vehicles in the total Mobilizer match sample. 

Table 4 : Population Comparison Between Mobilizer and "Correct" Mobilizer Matches 
- - 

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 

All Mobilizer Matches 

"Correct"  mobilizer Matches 

Mobilizer 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 identification process 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. 

Right Lane 

5 5 

19 

Middle Lane 

121 

26 

HOV Lane 

102 

39 



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-values, 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 Sizes and Errors 



The HOV lane Mobilizer matches experience the 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 seconds or 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 represents an 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 

general 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 analysis focuses 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 

general purpose lanes. The statistical data of the true population are shown in Table 11 

for the fifteen minute period studied: 

Table 6 : True Population Comparison Statistics 



Figures 8, 9, and 10 graphically demonstrate the variations in vehicle 

travel times. The HOV lane, as expected, has the best performance. The mean HOV lane 

travel times are 70% lower than the mean of the adjacent general purpose lanes: 

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). Using this 

assumption and rounding the HOV lane and GP lanes average speeds to 30 mph and 20 

mph, respectively, the calculated travel time savings for the HOV lane users is 10 

minutes. A ten minute travel time savings for a 10 mile trip fits the recommendations of 

Fuhs. 
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HOV Lane: 

10 miles @ 30 mph = 20 minute travel time 

General Purpose Lanes: 

10 miles @ 20 mph = 30 minute travel 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 more for 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 alone. 90%, achieve the 45 

mph goal set by the WSDOT policy. Although this is a particularly short segment of the 

entire HOV system, the speeds along it are consistent with the speeds along the rest of the 

facility during the afternoon peak 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. It is very unlikely that speeds over 45 mph will be reached on Interstate 5 during 

the peak period travel times. 





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 

general purpose lanes. 

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 time data that differs from the true population mean travel time by a mere 4%. The 

Mobilizer data closely matches the data collected 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, all of the matches involve vehicles travelling within the vicinity of the correct 

match vehicle. The Mobilizer matches all have travel times that are similar to the vehicle 

dynamics within the tr

affi

c stream. One of the goals 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. Within the general purpose lanes the correct match travel time data differs 

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 general 

purpose lanes. A lane speed difference of 10 mph corresponds to 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 still 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 



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 allow different initial travel times to be entered for each 

lane. The entry of initial travel times unique to 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-kom free flow to start and stop conditions. A longer video 

segment that begins at a steady state and deteriorates into 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 is able to provide accurate travel times by 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 naturally at the Mobilizer sites. AGC regions compensate for shadows and 

eliminate mismatching 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 

need to be installed to ensure that some small portion within the camera's field of view is 



free from both vehicles and their shadows. Ideal ACG regions would consist of signs 

tilted slightly 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. 

Finally, as for HOV lane usage, the WSDOT policy could be re-evaluated 

and rewritten to focus on travel time savings within the HOV lane rather than requiring a 

set speed that may not be achievable during peak period travel times. 
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APPENDIX A: MOBILIZER MATCH ACCURACY 

The Mobilizer matches include vehicles that are "correct" matches as 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," all 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 Mobilizer were nearly identical 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 is only a 6% error. 

Table 7: Comparison of "Correct" Matches with Trbe Matches 

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. Tables 8 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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Table 8: Right Lane Mobilizer vs. Match Statistics in 5 min. periods 

Table 9: Middle Lane -- Mobilizer vs. Match Statistics in 5 min. periods 

Table 10 : HOV Lane Mobilizer vs. Match Statistics 

Further study is needed to determine whether the high errors are associated 

to the slower travel times or some other factor. The small sample sizes hinder the 

effectiveness of determining whether there truly is a breakdown at these slower 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 fingerprints for 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 results from 

stop and go traffic conditions. 



Time at Origin (min) 

Figure 12: Right Lane -- Mobilizer Travel Time vs. True Population 







APPENDIX B: TRUE POPULATION DATA 

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. 



























































APPENDIX C: MOBILIZER DATA - RIGHT LANE 

Highlighted Vehicles Are Also Mobilizer Matches 
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APPENDIX D: MOBILIZER DATA-MIDDLE LANE 

Highlighted Vehicles are Mobilizer Matches 
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APPENDIX E: MOBILIZER DATA-HOV LANE 
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Highlighted Vehlcles Are Mobilizer Matches 
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APPENDIX F: MOBILIZER MATCHES WITH THE TRUE POPULATION 
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