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Abstract

The use of video imaging vehicle detection systems (VIVDS) in Texas hassiedrea
significantly due primarily to safety issues and costs. Installing mtoasive detectors at
intersections is almost always safer than installing inductive loops due tergeparation
between passing motorists and field crews installing the detectors.f@ttws that have
contributed to the increased usage of VIVDS include the flexibility offeréerms of adjusting
detection zones (e.g., with lane reassignments), the ability to send an imag¢raffic stream
to a traffic operations center, and no damage to the pavement structure as withia@ridaps.
Despite these advantages, there are situations where VIVDS needed &s#iaech to ensure
safe operations. The objective of this research was to determine how well tin¢ cidee
imaging systems deployed by the Texas Department of Transportation T) x2@ide
dilemma zone protection at high-speed signalized intersections. Preliriiméings of this
research following data collection at one of the three planned sites indidai¢\b&
demonstrates significant detection discrepancies compared to ingatveensors. These
discrepancies were not always critical to safety but would increassectien delay.
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INTRODUCTION

The use of video imaging vehicle detection systems (VIVDS) in Texas ancheleelas
increased significantly in the past 5 to 10 years due primarily to safegsiasnd reduced costs.
On the safety side, installing non-intrusive detectors at intersectioakséavhere) is almost
always safer than installing inductive loops due to greater separation bet\wwskg paotorists
and field crews installing the detectors. Installation of VIVDS or other nounsine detectors is
also friendlier to motorists due to less interruption of traffic resultingsis eotorist delay.
Other factors that have contributed to the increased usage of VIVDS includeibitile
offered in terms of adjusting detection zones (e.g., with lane reassignments)jlity to send
an image of the traffic stream to a traffic operations center, and no damageavdheent
structure as with inductive loops. Despite these advantages, there are questiensirtg the
performance of VIVDS and situations where VIVDS need further reseasafisure safe
operations.

The objective of this research is to determine how well the current videmgragtems
deployed by the Texas Department of Transportation (TXDOT) provide dilexonegprotection
at high-speed signalized intersections (defined as 50 mph or faster). Thedrgegdence of
the research will begin with current practice and proceed to developingvieaptechniques of
deploying VIVDS. This paper only covers the first phase with cameras mouness ith&n
ideal locations, but, again, replicating current practice. Modifying theirxidiiemma zone
detector placement will rely, to the extent possible, on previous regéaretowever, that
research was based upon inductive loops and not VIVDS, so some changes are anticipated.
When VIVDS replace loops, one must also investigate their impact on controllatiopgdue
to different points of detection. This paper also only utilizes data collecteteaif three
planned sites.

In a discussion of the dilemma zone at signalized intersections, it is apfEapr
acknowledge that this “zone of indecision” has been defined in multiple ways bschessaand
practitioners. Some researchers have defined the dilemma zone in termdrofetis
probability of stoppind2, 3). Zegeer and Deg2) defined the beginning of the zone as the
distance (from the stop line) within which 90 percent of all drivers would stop if prdsente
yellow indication. They defined the end of the zone as the distance within which only é0tperc
of drivers would attempt a stop.

Researchers have also attempted to define the dilemma zone boundanestoelaé
intersection stop lin€, 3, 4). Dilemma zone measurements by Parsoif8pand by Zegeer and
Deen(2) indicate that the zone boundaries are approximately equal to a constantriravel ti
Although they are not fully in agreement, these two studies suggest that the begirtheng
dilemma zone is about 5 seconds travel time upstream of the intersection and théeutdds a
to 3 seconds travel time upstream of the intersection. More recent measareynBahneson et
al. (4) indicate that the beginning is about 5 to 6 seconds upstream of the intersection add the e
is about 3 to 4 seconds upstream of the intersection.

Research to better understand the performance attributes of VIVDS for U iSatpps
began several years ago. MacCarley galeported on the results of field-testing 10
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commercial or prototype video image processing systems that wereoberailéhe U.S. in the
early 1990’s. The parameters used in the research included day and night illuminatmn le
variable numbers of lanes (two to six), camera height, camera horizontal &hgleewoadway,
inclement weather conditions (rain and fog), camera sway and vibration, difierelg of
traffic congestion, shadows, and the effects of simulated ignition noise and 60 Hz
electromagnetic noise. Results indicated that most systems geredriafe count and speed
errors of less than 20 percent over a mix of low, moderate, and high traffic dansitezsdeal
conditions(b).

Early VIVDS research by the Minnesota DOT included a two-year tesireintrusive
traffic detection technologies with the primary goal of providing useful etratuan non-
intrusive detection technologies under a variety of conditions. One of the eight teadsolog
tested was VIVDS. The test site was an urban freeway interchange ierd@olis that provided
both signalized intersection and freeway main lane test conditions. The two &gt pbgan in
November 1995 and ended in January 1997. A critical finding from testing four VIVDS products
was that mounting video detection devices is a more complex procedure than thad fequire
other types of devices. Camera placement was crucial to the success aad pgrfiormance of
the detection devices. Lighting variations were the most significanhereadlated condition
that impacted the video devices. Shadows from vehicles and other sources anadrsansiti
between day and night also impacted detection accuracy. The best performan¢BADSn
indicated accuracy at about 95 percent both on the freeway and at the inte(égction

Detection errors by any detection technology can be associated Wwéhedficiency or
safety, or both. Multiple research activities have attempted to define and #ehertypes of
errors encountered by VIVDS, and in some cases compared to inductive loops. BaaGdrl
Palen(7) developed a methodology using methods and metrics for evaluating detectors at
actuated signalized intersections. They developed common definitions to ddsetiygeets of
detector errors possible at these intersections. One part of the methodologepéhaldetector
if it makes a mistake, whereas another part penalizes the detectocohthaler makes
incorrect decisions based on detector mistakes. Examples include failinigotoesdend a phase
or terminating a phase early. Rhodes ef@ldefined incorrect detections as false positives
(detection when there is no vehicle present) or missed detections. Under this noghaskodh
detection event could be classified into one of four different states. Theviirstates occur
when the two detectors agree as in neither of them placing a call or in both plaaithgThe
authors referred to these states as either LOVO or L1V1, where Lerfzdise loop and V refers
to the video system. The numbers indicate whether the detector is off [0] or on [1]h&h&wat
states occur when the two detection systems do not agree, designated &4 \¢dtwrLOV1.
Abbas and Bonnesdf) described video performance in terms of discrepant call frequency. A
discrepant call is an unneeded call or a missed call, determined by comparingcoantsa
from recorded video.

A recent research project by Rhodes e(14l) investigated detection differences by
VIVDS between day and night periods and introduced a new metric for the evaluation of
detectors at signalized intersections. The authors discuss the diffeizasxs on field data
collected during good weather, between day and night detection in the area o tharsThe
research installed VIVDS cameras at four locations on each approach tettedsiitersection
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and found that three of them resulted in premature detections at night compareddarte dag
to headlight detections. The four camera locations were:

Camera 1: 40 ft high on signal mast arm — far side (vendor recommended),
Camera 2: 40 ft high on a side-mounted pole — far side,

Camera 3: 25 ft high on the signal mast arm — far side, and

Camera 4: about 30 ft high near the stop line — near side.

Data analysis used detector “on” and “off” times, or activation and de@otivtanes.
Testing of sample means using the studéest, indicated significant differences ¢at 0.05) in
activation times from daytime to nighttime for all but one of the 16 camerasréitfes for
deactivation times from daytime to nighttime were less pronounced compareiddt@act
times, perhaps because the intersection had street lighting and deactirs®wére probably
based on detecting the rear of vehicles (same as daytime). These foldarfysindicate the
phenomenon of early detection at night due to headlight detection, even in good weather.

The authors conclude that consistent detector performance under different lighting
conditions would require adjusting gap times by time of day and day of year. Alsoyingpr
consistency in activation times at the stop bar could be achieved by positiongrgsam the
near side (Camera 4 position), although this assessment should be verified witmaldditi
research. With respect to dilemma zone detection (not part of this resd@scbtera position
would not allow monitoring of set-back detectors with the same camera.

Even though the above referenced research projects provide important backgobund a
insights on VIVDS performance, none of them focus directly on dilemma zoneialetect
Following are some recent research projects conducted by the Texas Tedispbrstitute
(TTI) and others dealing with dilemma zone protection.

Bonneson et al11, 12, 13) gathered information about VIVDS planning, design, and
operations in a project entitled “Video Detection for Intersections andthateges.” Overall, the
resulting detection design demonstrated reductions in both max-out frequency and vehicle
waiting time. Key findings pertinent to this paper include the recommended gliacem
detection zones based on design speed. For a 60 mph approach and camera height of 24 ft,
Bonneson et al. recommended detector placement at 282 ft and 470 ft from the stop line. The
TxDOT specification using point detectors for this speed requires detectors abAds475 ft.

TTI research entitled “Detection-Control System for Rural Sigedlintersections”
addressed operational and safety problems at rural, high-speed sigmaérsetctions by
developing and testing a Detection-Control system that is capable of mimgrboth delay and
crash frequency at rural intersections. The new concept involved instalbrigductive “trap”
loops further upstream of the intersection in each high-speed approach laregrtorgevehicle
length and speed4).

TTI conducted research entitled “Advance Warning for End-of-Green PhEisgha

Speed Traffic Signals,” which developed an effective advance warniegdeof-green phase at
high-speed traffic signals in Texas. AWEGS field components include twotivellmops per
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lane and cabinet components such as a microprocessor to communicate with theictmtroll
determine phase stat(lb). The Nebraska Department of Roads (NDOR) sponsored research
which, in some ways, resembled the AWEGS project. This research evaluatedrtimalZone
protection provided by two advance detection designs used by NDOR. lIts effestivadicated
reduced percentage of vehicles in the dilemma zone at the onset of yellow arulethsed
tendency of motorists to st@pe6, 17).

The Federal Highway Administration, American Association of Stajbwhy and
Transportation Officials, and National Cooperative Highway Researchdpngponsored a
scanning study of Sweden, Germany, the Netherlands and the United Kingdom to review
innovative safety practices in planning, designing, operating and maintaininfizedna
intersections. Programs for intersection safety in these countries focus angeahlticle speed
through innovative methods, using computerized signal timing optimization programs, and
providing road users with consistent information. The scanning team's reodatioas for U.S.
implementation include enhancing dilemma-zone detection at high-speed rnsdatibns,
developing a model photo enforcement program to reduce red-light running, and promoting
roundabouts as alternatives to signalized intersections. The team also esc@dmontrolling
vehicle speed through intersections with such techniques as speed tables, panagkiegs and
changeable message si@h8).

DATA COLLECTION METHODOLOGY

Following the literature review and contacts of various jurisdictions and venlisreggearch
developed a data collection strategy. The proposed strategy included sites to be disted f
collection, the method proposed for gathering baseline data, and the duration of @ach dat
collection session. Specific goals of the data collection plan are: 1) to ydeigtifspeed
approaches (50 mph to 70 mph) that currently use VIVDS, 2) to capture a variety ahlight
weather conditions, 3) to evaluate TxDOT'’s current practice pertaining/ioS/on high-speed
approaches, and 4) if necessary, evaluate variations of TXDOT’s currentxX¥DT'E current
practice utilizing inductive loops required three detection points in each higt-sppeach
lane, but at least one literature source and intuition suggested fewer detectterwgbi VIVDS
due to the flat camera angle.

The vast majority of intersections applying VIVDS detection use only anerea but at
least four TXDOT districts use multiple cameras for some high-sggedaches. In all cases,
one camera covers the stop line area and the second covers the set back deteclibe are
research includes all three of the major VIVDS products sold in Texas — Ap&dteris, and
Traficon. The data collection plan will eventually replicate the thregnoas currently used by
TxDOT for VIVDS detection on high-speed approaches, realizing that some ctitersaise
mast arms while others use span wire with strain poles on each corner. Tgpiesa
installations for each high-speed approach are as follows:

e asingle camera to cover the full length of the approach;

e two cameras within the intersection area with one camera coveringphless area and
the other zoomed in to cover the upstream area; and
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e two cameras with one mounted on the far side of the intersection covering therstop ba
area and the other mounted on a separate pole upstream of the intersection.

This paper only includes results from two camera mounting locations — one onlargigharm
(far side) at 24 ft above the roadway and the other on a near-side pole at the stop &lam\a3 ft
the roadway. Figure 1 shows the intersection and these two mounting locatioi@droathera
icons in the figure indicate different cameras for different processaegheX of these heights
meets the manufacturer-recommended minimum 10:1 ratio for camera mountjrgg (itenigh
should cover no more than 380 ft of approach length).

Initial data collection at the first intersection required the instahatf a truthing system
(Sensys Networks magnetometers), the three VIVDS products (Iteris,cApggsand Traficon),
and a means to log the phase status for the approach. For all three products, veviders pr
their own representatives to install their respective VIVDS products. Bbensynstalled by TTI
logged the data into a daily event log which included a time stamp of the evast(etin
milliseconds since midnight), the event type (on/off for detectors), arnphts®e status
(red/yellow/green). Subsequent automatic processing of the event ddil@$ecampared the
truthing system actuations and the actuations from the VIVDS products. An inde6tria
equipped with a traffic controller cabinet interface system stored the evanTHa industrial
PC resides in the traffic controller cabinet at the intersection and rungsditWindows 2000
with a custom program written by TTI researchers to collect the realewant data.

DATA ANALYSIS

To date, this research project has collected a large amount of data repgeseatspeed limit
(60 mph) and the two camera locations already noted. The analysis of this dataditvadhve
simple visual comparisons and more complex statistical analyses. Visyzrisons helped
determine detection points (i.e., distance/time from a known point such as the gtapdine
number of accurate detections compared to the baseline system. Becausarottiaeatigle of
view, VIVDS is not as precise as a detector in the pavement (e.g., magtextomnductive
loop), so researchers used visual comparisons to determine the appropuiaté @rtead or lag
time to be allowed for the VIVDS. The result was 1.5 sec of lead and lagrtoéerFigure 2 is a
histogram indicating the temporal dispersion of VIVDS detection padntdhé right lane around
the desired points (475 ft and 275 ft), limiting the VIVDS detection variation 105t¢ec. The
two vertical broken lines in each graphic represent the desired detection pgamsA(Ed ft and
275 ft based on 60 mph). These are critical findings that have implications on tersatety
and efficiency, as discussed in more detail later in this paper.

At 60 mph, this 1.5 sec threshold equates to a distance of 132 ft before and after the
desired detection points, extending the possible total detection distance from 200 fttto 464 f
This larger detection distance has implications for intersection delggesting a higher rate of
max-out than with in-pavement detectors. Higher max-out rates wouldirekuiger average
cycle lengths and more delay to side street traffic.
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Baseline Data

An essential part of dilemma zone protection and that which is addressed in tnishrésen
accurate and reliable detection. This research addresses detectiorilsy &mpared to a
baseline system whose accuracy is known. In many cases, inductive loops arepidugsoom
standard, but current TXDOT practice connects the loop leads together airtrst geound box,
running one set of wires to the cabinet. Rather than modify this configuration and connect
individual leads to each loop, researchers chose to install wireless nmagteztoin the center of
each 6-ft by 6-ft inductive loop on one high-speed approach.

To verify the accuracy of the Sensys Networks (SN) magnetometerscressa
performed manual traffic counts. The counts were performed using recorded vatteo of
intersection in College Station, Texas — F.M. 2818 at George Bush Drive — thénsarsection
used to test the three VIVDS products. The manual count comparison used the southbound
approach during off-peak, daylight hours. For an approach with a speed limit of 60 mph as
posted at this intersection, TXDOT standards require dilemma zone inductive loop8r{ssm
referred to as “set-back detectors”) at 475 ft, 375 ft, and 275 ft. Based upon previatdhrese
this project utilized detection points at 475 ft and 24b)ftData analysts manually observed
138 vehicles in the right lane while the magnetometers at 475 feet and 275 faetlde36cand
140 vehicles, respectively. In the left lane, analysts observed 112 vehidesherivo
magnetometers detected 113 and 108 vehicles, respectively. The two-tasardple included
14 trucks, of which the magnetometers double-counted 3 of 3 tractor-trailers aGdJ3Hdul
trucks pulling trailers. Researchers did not observe any double counts ofusiitdlecks in this
sample.

By comparison, one could also use the dilemma zone definition of 2.5 sec to 5.5 sec
travel time used by many transportation engineers to compare againsténeealvalues being
used. Converting these time values to distance using the average speed gig@sfiom 220 ft
to 484 ft compared to the 275 ft and 475 ft actually being used.

Detector Data

Data for this analysis comes from May 3, 2007 and June 5, 2007, utilizing only vehicle
detections that occurred during the green interval and after the initial dtqppee had cleared.
Data collection in the summer months may have reduced shadows and glare, paagtbig re

in improved VIVDS performance compared to other seasons. Both days were dry (amdain)
other conditions were: peak/off-peak and day/night. Data comparisons indicatetdcor
performance was similar to other days. Figure 1 shows the detection points outhib®snd
approach, labeled as S1, S2, S3, and S4. There were only two camera positions — one on the
signal mast arm at 24 ft above the roadway and the other on a luminaire pole 38 thabove
roadway. The May 3 data are from the mast arm and the June 5 data are fromnéiedyole.

The response variable used by this analysis is the number of detections (coast) on e
video system within +/- 1.5 seconds from the detection on the SN detectorsekpt@iation of
the data revealed that there were only a few detections by any of th¥IMe products
greater than 2. The categories corresponding to 2 or more detections were dontbinae
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category representing multiple detections. In the subsequent analysgeryé&t’ actually
corresponds t&@ 2. Thus, a new response varial¥les defined as follows:

0, count=0
Y =<1 count=1
2, count=2 or 3

This response variable was tested over the follgvactors:
e VIVDS product (processors) with three levels: V2,\and V3; and
e Lighting-Traffic with three levels: Day-Peak, Dayf®eak, and Night-Off Peak.

The comparisons involve four datasets (S1, S2a&8,S4) from each of two camera locations.
The results provided below begin with the more fatate camera position for VIVDS accuracy
— cameras on the luminaire pole (since camerakiginer and closer to the detection points than
on the mast arm), followed by comparisons betwhlertwo camera locations.

Detector Data Results with Cameras on Luminaire Pole

The analysis was conducted based on the countisddhree categories defined above (0, 1, and
>2) from each video system. The number of 1's cpoeds to the number of correct detections,
so the proportion of 1's may be considered as amate of the accuracy of each video system.
To see if the accuracy of a VIVDS is different hiferent conditions of Lighting-Traffic, the
category (0, 1, and 2) proportions for three processors are comparderueach condition of
Lighting-Traffic. Figures 3 through 6 are mosaiotplindicating differences in performance of
VIVDS by processor according to Detection Locatml Lighting-Traffic.

A mosaic plot is a plot divided into small rectaegbuch that the area of each rectangle
is proportional to a frequency count of intereste proportions shown on the x-axis (width of
rectangles) represent the relative sizes of ttad totmber of counts on each system (processor).
The proportions shown on the y-axis (response fibtias) represent the frequency of counts
belonging to each category divided by the total benof counts on each system. The
proportions of 1's are given as the row % in thetcwency table shown as Table 1.

Variations in the category proportions for the eiént processors can be seen by
comparing the heights of Y levels across the XIewss an example, Figure 3(a) shows that the
category proportions are somewhat different foee¢hprocessors with the proportion of 1's
(accuracy estimate) being largest for V1 (83%)paddargest for V2 (80%), and smallest for
V3 (63%) under the Day-Off Peak condition. Becathsetotal number of counts is the same for
the three processors under each condition of lnghiiraffic, (e.g., 2,822 for Day-Off Peak, 757
for Day-Peak, and 806 for Night-Off Peak), the \nidf rectangles is the same in this case.

Whether these differences are statistically sigaiit or not is answered by conducting
the likelihood ratio chi-square test or the PearShisquare test. The null hypothesis is that the

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Middleton, Park, Charara, and Longmire Page 9

true category proportions are the same for alktipr®cessors (a test of marginal homogeneity).
Both the likelihood ratio chi-square test and tlkaBon Chi-square test resulted in signifigant
values of less than 0.0001. The data support thelasion that the true category proportions
(and so accuracies) are different for differenicpssors under the Day-Off Peak condition. The
data also support the conclusion that the truegoayeproportions (and so accuracies) are
different for different processors under each efffay-Peak condition and the Night-Off Peak
condition (see Figure 3b and 3c). Table 1 summapzeecent correct detections by detection
location, light-traffic condition, and VIVDS produdll of the p values for these comparisons
were statistically significant at = 0.05 but may not all be practically significant.

The general trends in the Table 1 results indittaeest accuracy during Day-Off Peak,
followed by Day-Peak. Night-Off Peak was generaltyrse than the other two, but not always.
Even the best detection performance as exhibitedglthe Day-Off Peak condition is
disappointing, and does not approach the accurggsoperly installed and maintained inductive
loops. All three VIVDS products exhibited poor merhance at S1 during Night-Off Peak,
perhaps due to the viewing angle of headlights fileenduminaire pole position or placement of
video detection zones relative to S1 detector. Kihgaata from other days indicates a similar
result for the S1 location.

Detector Data Results Comparing Camera Locations

Figure 4 contains the mosaic plots of three categawportions by VIVDS processor with
Cameras on the mast arm at Detection Location 8&rutifferent conditions of Lighting-

Traffic. The plots indicate that the category pntjoms (and so accuracies) are different for
different processors under each of the Day-Off PBaly-Peak condition, and the Night-Off
Peak condition as in the case with Cameras oruthenhire pole. Table 2 summarizes the
percent correct detections according to Light-Ticadhd camera position. In almost all cases, the
comparisons between the pole location and the amastvere statistically significant at the

0.05 level. As in the previous analysis comparinty dight-Traffic for each system, Day-Off
Peak shows the best performance, followed by DakRéight-Off Peak was again worse than
the other two. Across all periods and traffic coiodis, the pole mount was usually better but not
always. Figures 5 and 6 contain the mosaic plotdasi to those in Figures 3 and 4 except they
are for Detection Location S2 (275 ft from the shbap) and are helpful in comparing the
performance of VIVDS mounted on the luminaire padesus the mast arm.

Overall Findings and Observations

A quick glance at Figure 2 indicates that VIVDSet#ion points are widely dispersed when
compared to in-pavement detectors, even more siglat VIVDS converts to a headlight-
detection algorithm at night but its detection pasnusually well ahead of the approaching
vehicle. Therefore, in Figure 2(b), many detectioosurred earlier than desired. Comparing the
means of activation residuals between day and pighbds for the same data used for Figure 2
and using Welch’'s test found that day versus night activations vagfferent for the four
detection points at the= 0.05 level. Rhodes et al. found the same atulbhe of their 16
cameras.
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Manual observations of the traffic as VIVDS dei@t$ occurred indicated that some
vehicles are not detected as separate vehiclesy Btarfollowing behind other vehicles and do
not get detected as discrete vehicles but as aptedltehicle platoon and are only counted once.
This error is not a big concern although it wilhdeto increase overall intersection delay.
Observations also indicate that some vehicles etlected earlier than would occur with loops
while other detections occur later. Since VIVD$msence mode holds the detections longer as
well, there may be no need for concern relatedtetg in most cases. However, early detections
that are dropped prematurely and that occur neagernl of the green phase may be cause for
concern. Increases in the number of max-out cyeiktsncrease the number of vehicles caught
in their dilemma zone, an obviously undesirableilites

CONCLUSIONS
From an accuracy standpoint, these preliminaditfigs pertaining to dilemma zone

protection from one 60 mph intersection are disagpm and suggest the need for follow-up
analysis to quantify the full effects of initiahflings. One reason for poor performance was that
camera positions were not consistent with manufactiecommendations, but they are
consistent with current practice. Issues that nedsk investigated include:

e Determine VIVDS performance using recommended carpesitions,

e Determine the number of detection points with VIVB@npared to inductive loops,

e Determine how best to compensate for day/nighedsfices with VIVDS,

e |dentify any other controller issues (e.g., needdd extension time in detector
amplifier), and

e Determine differences between VIVDS and loops (@erage cycle lengths, delay, and
red light running).
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Table 1. VIVDS Comparison Summary for Light-Traffic (Percent 1's).

Detection Percent Correct — Light-Traffic

Location VIVDS Day-Off Peak| Day Peak Night-Off Peak

S1 V1 83 66 24

(475 ft Rt Ln) V2 80 54 20

V3 63 47 38

S2 V1 89 73 59

(275 ft Rt Ln) V2 90 70 86

V3 87 72 30

S3 V1 78 73 61

(475 ft Lt Ln) V2 84 73 80

V3 52 51 79

S4 V1 82 63 84

(275 ft Lt Ln) V2 85 66 94

V3 80 63 77

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Middleton, Park, Charara, and Longmire Page 15

Table 2. VIVDS Comparison Summary for Light-Traffic and Location (Percent 15).

Detection Percent Correct — Light-Traffic

Location VIVDS Day-Off Peak| Day Peak Night-Off Peak

Pole | MA? | Pole| MA | Pole MA

S1 V1 83 68 66 63 24 27

(475 ft Rt Ln) V2 80 55 54 45 21 2

V3 63 47 47 48 38 10

S2 V1 78 67 73 63 61 12

(275 ft Rt Ln) V2 84 39 73 33 80 1

V3 52 52 51 52 79 20

S3 V1 89 83 73 78 59 39

(475 ft Lt Ln) V2 90 81 71 71 86 85

V3 87 75 72 68 30 38

S4 V1 82 83 62 76 84 27

(275 ft Lt Ln) V2 85 81 66 73 94 52

V3 80 78 63 67 77 30

#Mast arm
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FM 2818 @ George Biish Dr.
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Figure 1. F.M. 2818/George Bush Drive Intersection Layout.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Middleton, Park, Charara, and Longmire

Page 17

FM2818 @ George Bush - VIVDS1 - DAY

1400
1200

[ERN
o
o
o

800
600

No. of Vehicles

400
200

©

o 1 2 3 4 s5° 6 7 8
Time to Stop Bar (sec)

OS2
ES1

(a) Daytime Detection.

FM2818 @ George Bush - VIVDS1 - NIGHT

120
100
80
60

40

No. of Vehicles

20

(o]

0 1 2 3 4 5° 6 7 8
Time to Stop Bar (sec)

OS2
BSl1
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Figure 2. Temporal Dispersion of Detection Points by VIVDS1.

TRB 2008 Annual Meeting CD-ROM Paper revised from original submittal.



Middleton, Park, Charara, and Longmire Page 18

1.00

il

0.75

0.50

Count

0.25

0.0 gg—
V1 V2 V3

Processor

(a) Light-Traffic=Day — Off Peak

1.00

0.75

0.50

Count

0.25

0.00

Processor

(b) Light-Traffic=Day —Peak

1.00

—2
l—] 1
0.75 B
€
3 050
o
0
0.25
0.00 =
V3

Processor

(c) Light-Traffic=Night — Off Peak

Figure 3. Mosaic Plots of Detection Proportions at S1 with Cameras on Lumaire Pole
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Figure 4. Mosaic Plots of Detection Proportions at S1 with Cameras on Ma&rm
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Figure 5. Mosaic Plots of Detection Proportions at S2 with Cameras on hunaire Pole
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Figure 6. Mosaic Plots of Detection Proportions at S2 with Cameras on MaArm
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