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Introduction

Work zones create constantly changing environminaisrequire real-time information
to keep motorists informed of the conditions ahedbnitoring travel times through a
work zone with non-intrusive vehicle sensor tecbgglhelps manage delays and assess
work zone performance, but different technologiemveh different approaches to
measuring travel times.

As part of the OTIA Ill State Bridge Delivery Pragn, the Oregon Bridge Delivery
Partners (OBDP), in conjunction with the Oregon &&pent of Transportation (ODOT),
recently performed a study over a five mile secobbisouthbound Interstate 5 in Salem,
Oregon that used side-fire radar and automaticcledentification (AVI) technology to
monitor travel times through a work zone. All datas collected using the AVI and
radar systems provided by International Road Dyonar{iRD), the subcontractor for this
study. IRD is a world leader in highway traffic neement products and systems,
operating internationally in the ITS (Intelligentahsportation Systems) industry.

The results of the side-fire radar and AVI data bancompared in order to identify the
strengths and weaknesses associated with eachotegiirvhen used to monitor work
zone travel times. By examining travel time datary peak and non-peak time periods,
the viability of each technology as a comprehensogd for monitoring and reporting
work zone travel times can be determined.

Travel Time Study

The purpose of this travel time study was to test @valuate the use and applicability of
two technologies for monitoring traffic through Wwazones.

Data Collection Time Period and Location

Data was collected over a 21-week period using teathnologies in a comparative study
from June 30, 2006, through November 15, 2006ordter to verify the accuracy of the
two systems, field data was collected by manuabynting vehicles, measuring speeds
with a handheld laser and using probe vehiclesgbttavel times. The June™3through
November 1% time period was chosen because it was importamapiure the peak
summer travel season as well as collect data dunulgjple higher traffic volume events
in the fall. These events included several Unityeref Oregon and Oregon State
University home football games. Traffic destined these sporting events typically
travels south from Portland, driving straight thghuSalem and the study area. These
events, along with other high traffic volume worne activities, provided opportunities
to evaluate the AVI and side-fire radar systemseumadore severe traffic conditions.
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The study area was focused primarily around thekvzone associated with the I-5 at
Santiam-Kuebler project in Salem, OR. The Santikambler project is part of the OTIA
lll State Bridge Delivery Program managed by OBD# ancludes the replacement of
four bridges and the widening of the interstatsiiolanes over a three mile section of I-
5. An additional two miles upstream of the workeavas also included in the study area
to capture potential queuing of traffic. The AMVhdaside-fire radar equipment was
deployed in the southbound direction between SitwveRoad and Kuebler Boulevard on
I-5 (see Figure 1).

I-5 southbound traffic

AVI Trailer —2pte— Message sign

Traffic sensors

Work area

AVI Trailer —

Figure 1: Layout of study area traffic monitoring system.

Four side-fire radar sensors and two AVI units weeployed in the study area. Two
side-fire radar sensors were placed upstream oititk zone and two were placed at the
north end of the work zone. The AVI units werecgld at both ends of the five mile
study area.

Side-Fire Radar

Side-fire radar is a technology that is widely ussttoss the country for various
applications and settings. Multiple distributors available that carry different packages
of this technology with unique algorithms and s@fte to gather data and produce
information on traffic that is monitored with thdde-fire radar equipment. The
technology of side-fire radar works by taking réale measurements of vehicles that
pass within the radar’s field of view. The radanituis mounted at the top of an
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articulating pole that allows the radar to meadta#fic volumes and vehicle speeds per
lane at any given point that is being monitoredly system. In order to collect travel
time information, multiple units are used to monit@ffic at several points on a roadway
segment. Using vehicle speeds measured at eaatiolocthe distances between units,
and the distance between the last sensor and ftheokethe work zone, reasonable
assumptions can be made to extrapolate the traweland delays for traffic within that
segment. The accuracy and reliability of this eysthowever, is very dependent on the
number and placement of the monitoring devices.

In the work zone area, four portable units (seefe@) were deployed in the southbound
direction of I-5. The units were deployed in th@th end of the work zone and further
upstream because the majority of delays associaitibdda work zone occur in the area
where lane drops and traffic control transitionsuydn advance of the actual work being
performed. It was planned to deploy additional noymg devices in the work zone
construction area south of the Highway 22 on-ramgrder to monitor traffic in the work
zone itself. However, because of site constraimbsgdevices could be deployed in this
area, eliminating any direct measurements of vehsgleeds within the work zone. A
detailed view of the sensor for the portable umsitshown in Figure 3.

Figure 2: Portable trailer with side-fire radar being deployed in the
Santiam-Kuebler work zone (photo courtesy of IRD).
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Figure 3: Close-up view of side-fire radar detector (photo courtesy of IRD).

Power for the portable trailers is provided by s@anels and batteries. The equipment
for this application is readily available off thbedf technology by IRD including the
sensor and communication equipment.

Communications

Data from the portable side-fire trailers was traited locally to the master trailer which
then transmitted its information every few minutescomputer servers through cellular
communications. Line of site needed to be maiethibetween the portable trailers to
keep communications functioning — this was criticathe placement of the equipment,
and at times, was limiting in where the trailersildobe located due to overpasses or
trees.

Data Reporting and Collection

Data from the side-fire radar sensors was colletitealighout the duration of the study.

At the beginning of the study, there were limitdthpes where a few short-term failures
of the equipment occurred. These failures, lastingwhere from a few hours to a day,

resulted in not having any data for some time pisrioThese data gaps were insignificant
compared to the vast amounts of data collectechguine majority of the study.

Data from the system was not only used to monitorkvzone travel times, but was also

used to support real-time reporting systems whickuded IRD’s work zone website and
a portable changeable message sign (PCMS) foraghsigl travel times to the public.

ITE District 6 Annual Meeting, July 2007, Portlar@R 4



Automatic Vehicle Identification

Automatic vehicle identification (AVI) technologpdates and records passing vehicles
that have been equipped with transponders thatAthlesystem can detect and read.
Instead of providing hundreds of transponders tib@rvehicles and having them drive
back and forth through the study area, OBDP was #&bluse transponders already
installed on commercial vehicles for Oregon’s Gréaght program. The Green Light
program uses similar AVI technology to pre-scraeicks at Oregon Green Light weigh
stations, allowing trucks to pass if the weighistatietermines they do not need to stop.

For its use in the travel time study, the AVI systacts like a stopwatch, detecting the
transponder at the start and end of the monitovsedway segment. The time stamp at
the beginning and end of the segment is comparddhrentravel time is then calculated.
All identifying information is removed from the @aso there is no way of tracking who
traveled during the study time period. In ordertioninate erroneous data, algorithms
were developed to evaluate and remove data fokdrti@at stopped for extended periods
of time to make deliveries, refuel, etc. Theseoatgms were not as crucial given the
short distance of the study area, but are very rtapd for monitoring travel times over
longer segments. In the work zone area, two plartahits (see Figure 4) were deployed
at either end of the study area. A detailed viéthe AVI sensor for the portable units is
shown in Figure 5.

Figure 4: AVI portable reader deployed in the
Santiam-Kuebler work zone (photo courtesy of IRD).
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Figure 5: Close-up view of AVI detector and solar powered trailer (photo courtesy of IRD).

Power for the portable trailers is provided by sq@anels and batteries. The equipment
for this application had to be assembled specifidak the travel time study, including
the sensor and communication equipment.

Communications

Data from the portable AVI trailers was transmitteda computer server by cellular

communications on a real-time basis. Unlike side{fadar, however, the AVI units do

not require line of sight in order to communicat&ach sensor records a particular
transponder independent of the other and compofevare is required to evaluate the
two time stamps.

Data Reporting and Collection

Data from the AVI units was collected throughoue tthuration of the study. During
some phases there were short-term equipment failwrech resulted in a few periods
early in the study not having any data. The pnoislevere quickly identified and
remedied by IRD, resulting in good data collectionthe majority of the study.

Work Zone Data Comparison and Correlation

Data reported by the AVI and side-fire radar systemere compared between Aug. 16,
2006, and Oct. 25, 2006. This portion of the sttidhe period was used for comparison
and correlation because of the quality of data betwsystems during this period.
August 18' through October 25contained the least amount of time periods withsinig
data. This time period also included most of tighér traffic volume events described
earlier. The peaks in the data are mostly attedhib Oregon college football game
weekends, where higher traffic volumes exist, Inetrd¢ are also additional construction
activities and incidents that resulted in very loimgvel times and delays that were
captured in the data collection.
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During this time period, 6,816 data points werdemtéd and compared. The travel times
reported by the AVI and side-fire radar systemsewgraphed together in order to
observe the relationships between each systemglpeak and non-peak time periods.
The correlation between AVI and side-fire radavéidimes is shown in Figure 6.

Figure 6: Graph of travel times for AVI vs. side-fire radar between August 16™ and October 25".

For the majority of the time period the data repdrby both systems matched very
closely. During peak time periods or incidents, boer, the side-fire radar tended to
over-estimate travel times through the study area.

An incident that occurred on Octobef, 4or example, resulted in travel times being
reported that were significantly higher than normat approximately 1:30 pm, an

emergency lane closure was required in the worle zorrepair a section of pavement.
By 1:45 pm, traffic had begun to react to the lafesure and travel times started to
increase. The repair work lasted until 5:30 pmwatch point the contractor began
removing the traffic control devices. All trafficontrol, including advance warning

signs, was completely removed by 6:30 pm. By #bthe travel times returned to
normal. During this incident, the side-fire ragesraked at 5:00 pm with a travel time of
89.3 minutes. Data collected by the side-fire radal AVI systems during this incident
are shown in Figure 7.
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Figure 7: Data collected by AVI and side-fire radar during emergency lane closure.

When compared, the travel time reported by the-Bideradar sensors was nearly three
times the travel time reported by the AVI systeAt only 30.3 minutes, the AVI travel
time provided a much more realistic scenario fdaree closure during heavy rush hour
traffic. A probe vehicle was sent into the fielol ¢apture travel times through the
affected work zone and determined that the actaaet times more closely matched
those reported by the AVI system. The inability thie side-fire radar sensors to
accurately determine travel times during periodemvtraffic is over-capacity can likely
be attributed to two factors:

1. The fourth side-fire radar detector, which covédrs horth end of the work area
itself, was not able to be located as far intowlogk zone as desired. Line of site
constraints for communication between the portatdders made it difficult to
place the detector further south. Because of thesalgorithms used for the side-
fire network tended to over-estimate the travektitirough the entire study area.
This shows that the side-fire system is sensitivéhe placement and location of
the sensors.

2. The side-fire radar technology has a more diffitiniie estimating travel times as
congested conditions develop and vehicle speedsneeslower. Even during
Oregon State University and University of Oregoatball games, when all lanes
are open but stop and go conditions exist, the-fsidaadar reports travel times
that are significantly higher than the AVI travighes.

For the comparison time period as a whole, an aggien of all the data collected by
both systems correlated well — almost a one tonoateh. The average travel time for all
AVI data points was 7.12 minutes. The averageetrtime for all side-fire data points

was 7.06 minutes. Overall, the average travel teperted by the AVI system was only
0.80 percent higher than the average travel tirperted by the side-fire radar sensors.
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Therefore, except for heavily congested, stop amdanditions, either system appeared
to work well in measuring travel times.

Conclusion

In the work zone setting, both the AVI and side-fiadar systems performed well, but
each has their own strengths and weaknesses as@afensive tool for monitoring
travel times through a work zone.

The AVI technology requires fewer sensors to manitavel times and the location of

each unit is not as critical as it is for the sfole-radar. It typically requires only two

AVI sensors, one at the beginning and one at thte afnthe work zone, in order to

calculate travel times. Side-fire radar, on théeothand, requires multiple units

throughout the work zone, and may require lineigiitsto communicate with each other
in order for the radar network to accurately deteamtravel times. As a more

comprehensive tool, AVI systems can only measureetrtimes for trucks or vehicles

equipped with transponders, but side-fire radatapable of providing detailed traffic

performance information per lane, including vehmbeints and travel speeds. The ability
to gather traffic volume and speed data is veryfulse the planning of complex and

sensitive construction staging activities during life of the project.

Either technology could be utilized to collect tehtime data, as both systems appear on
average to work equally well. In free flow condits there is an easy correlation that can
be made between truck travel time and total avetayel time for all vehicles. During
high volume time periods, however, the side-firdarasystem tended to over-estimate the
travel times, showing that the placement of themgsars can significantly affect the
results. Unlike AVI technology, line of sight commications for this particular side-fire
radar system was a limiting factor in the placenma&ithe equipment. Both AVI and
side-fire radar are innovative approaches to waezmonitoring, but there are trade-
offs for each system and these should be considehesh choosing AVI or side-fire
radar technology as a comprehensive tool for mangotravel times through a work
zone.
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